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Abstract
Skeletal muscle relaxants are a heterogeneous group of medications used to treat two
different types of underlying conditions: spasticity from upper motor neuron syndromes and
muscular pain or spasms from peripheral musculoskeletal conditions. Although widely used
for these indications, there appear to be gaps in our understanding of the comparative
efficacy and safety of different skeletal muscle relaxants. This systematic review summarizes
and assesses the evidence for the comparative efficacy and safety of skeletal muscle relaxants
for spasticity and musculoskeletal conditions. Randomized trials (for comparative efficacy
and adverse events) and observational studies (for adverse events only) that included oral
medications classified as skeletal muscle relaxants by the FDA were sought using electronic
databases, reference lists, and pharmaceutical company submissions. Searches were
performed through January 2003. The validity of each included study was assessed using
a data abstraction form and predefined criteria. An overall grade was allocated for the
body of evidence for each key question. A total of 101 randomized trials were included in
this review. No randomized trial was rated good quality, and there was little evidence of
rigorous adverse event assessment in included trials or observational studies. There is fair
evidence that baclofen, tizanidine, and dantrolene are effective compared to placebo in
patients with spasticity (primarily multiple sclerosis). There is fair evidence that baclofen
and tizanidine are roughly equivalent for efficacy in patients with spasticity, but
insufficient evidence to determine the efficacy of dantrolene compared to baclofen or
tizanidine. There is fair evidence that although the overall rate of adverse effects between
tizanidine and baclofen is similar, tizanidine is associated with more dry mouth and
baclofen with more weakness. There is fair evidence that cyclobenzaprine, carisoprodol,
orphenadrine, and tizanidine are effective compared to placebo in patients with
Address reprint requests to: Roger Chou, MD, 3181 SW
Sam JacksonPark Rd.,Mail Code: BICC, Portland, OR
97239, USA.
Accepted for publication: November 22, 2003.
Note: Evidence tables and appendices are available
on the Web site http://www.ohppr.state.or.us/hrc/
� 2004 U.S. Cancer Pain Relief Committee
Published by Elsevier Inc. All rights reserved.
PMPD_hrc.htm#drugclass1 last updated January 2004;
Web site checked on June 7, 2004 or from the authors
(updated January 2004). Although the Oregon Evi-
dence-based Practice Center receives support from
the Agency for Healthcare Research and Quality
(AHRQ), this report has not been reviewed or ap-
proved by AHRQ.
0885-3924/04/$–see front matter
doi:10.1016/j.jpainsymman.2004.05.002

mailto:http://www.ohppr.state.or.us/hrc/


Vol. 28 No. 2 August 2004 141Comparative Efficacy and Safety of Skeletal Muscle Relaxants
musculoskeletal conditions (primarily acute back or neck pain). Cyclobenzaprine has been
evaluated in the most clinical trials and has consistently been found to be effective. There
is very limited or inconsistent data regarding the effectiveness of metaxalone,
methocarbamol, chlorzoxazone, baclofen, or dantrolene compared to placebo in patients with
musculoskeletal conditions. There is insufficient evidence to determine the relative efficacy
or safety of cyclobenzaprine, carisoprodol, orphenadrine, tizanidine, metaxalone,
methocarbamol, and chlorzoxazone. Dantrolene, and to a lesser degree chlorzoxazone, have
been associated with rare serious hepatotoxicity. J Pain Symptom Manage
2004;28:140–175. � 2004 U.S. Cancer Pain Relief Committee. Published by Elsevier Inc.
All rights reserved.
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Introduction
Skeletal muscle relaxants are a heteroge-

neous group of medications commonly used to
treat two different types of underlying condi-
tions: spasticity from upper motor neuron syn-
dromes and muscular pain or spasms from
peripheral musculoskeletal conditions.

Spasticity from the upper motor neuron syn-
drome (a complex of signs and symptoms that
can be associated with exaggerated reflexes, au-
tonomic hyperreflexia, dystonia, contractures,
paresis, lack of dexterity, and fatigability, in ad-
dition to spasticity) can result from a variety of
conditions affecting the cortex or spinal cord.1

Some of the more common conditions associ-
ated with spasticity include multiple sclerosis,2

spinal cord injury,3 traumatic brain injury, cere-
bral palsy, and post-stroke syndrome.4 In many
patients with these conditions, spasticity can be
disabling and painful, with a marked effect on
functional ability and quality of life.5

Common musculoskeletal conditions causing
tenderness and muscle spasms include fibromy-
algia,6 tension headaches,7 myofascial pain syn-
drome, and mechanical low back or neck pain. If
muscle spasm is present in these conditions,
it is related to local factors involving affected
muscle groups. These conditions are commonly
encountered in clinical practice and can cause
significant disability and pain in some patients.
Skeletal muscle relaxants are one of several
classes of medications frequently used to treat
these conditions.8–10

Drugs classified as skeletal muscle relaxants
include baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, dantrolene, metaxalone, meth-
ocarbamol, orphenadrine, and tizanidine. Only
baclofen, dantrolene, and tizanidine are ap-
proved for the treatment of spasticity. These
three medications act by different mechanisms:
baclofen blocks pre- and post-synaptic GABAB
receptors,11,12 tizanidine is a centrally-acting ag-
onist of α2 receptors,13,14 and dantrolene di-
rectly inhibits muscle contraction by decreasing
the release of calcium from skeletal muscle sar-
coplasmic reticulum.15 Other medications used
to treat spasticity but not formally approved for
this indication include benzodiazepines, cloni-
dine, gabapentin, and botulinum toxin.15–17

The skeletal muscle relaxants carisoprodol,
chlorzoxazone, cyclobenzaprine, metaxalone,
methocarbamol, and orphenadrine have been
approved for the treatment of musculoskeletal
disorders. Cyclobenzaprine is closely related to
the tricyclic antidepressants,18 carisoprodol is
metabolized to meprobamate,19 methocarba-
mol is structurally related to mephenesin,18

chlorzoxazone is a benzoxazolone derivative,20

and orphenadrine is derived from diphenhydra-
mine.21 The mechanism of action for most of
these agents is unclear, but may be related in
part to sedative effects. These drugs are often
used for treatment of musculoskeletal condi-
tions, whether muscle spasm is present or not.10

Although there is some overlap between clinical
usage (tizanidine in particular has been studied
in patients with musculoskeletal conditions),22

in clinical practice each skeletal muscle relax-
ant is used primarily for either spasticity or for
musculoskeletal conditions.

There is little data regarding the comparative
efficacy and safety of different skeletal muscle
relaxants. In 2001, Senate Bill 819 was passed
by the Oregon Legislature and signed into law
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by the Governor. The law mandates develop-
ment of a Practitioner-Managed Prescription
Drug Plan (PMPDP) for the Oregon Health
Plan (OHP) and evidence-based reviews of the
state’s most expensive drug classes. The Oregon
Health Resources Commission (OHRC) re-
quested such a review of the skeletal muscle
relaxant drug class. In consultation with a multi-
disciplinary committee of experts, we selected
the following key questions to guide the review:

What is the comparative efficacy of different
muscle relaxants?
What is the comparative safety of different
muscle relaxants?
Are there subpopulations of patients for
which one muscle relaxant is more effective
or associated with fewer adverse effects?

Methods
Literature Search

To identify articles relevant to each key ques-
tion, we searched (in this order): the Evidence-
Based Medicine Library (2003, Issue 1) (from
theCochrane Collaboration), MEDLINE(1966–
January 2003), EMBASE (1980–January 2003),
andreference listsofreviewarticles. In electronic
searches wecombinedtermsforspasticity, condi-
tions associated with spasticity, and musculo-
skeletal disorders with included skeletal muscle
relaxants (see Appendix A on the Web site for
complete search strategy). In addition, the State
of Oregon created and disseminated a protocol
to pharmaceutical manufacturers for submit-
ting data. All citations were imported into an
electronic database (EndNote 6.0).

Study Selection
All English-language titles and abstracts and

suggested additional citations that met the fol-
lowing eligibility criteria were included:

Population. The population included in this
review is adult or pediatric patients with
spasticity or a musculoskeletal condition. We
defined spasticity as muscle spasms associated
with an upper motor neuron syndrome. Muscu-
loskeletal conditions were defined as peripheral
conditions resulting in muscle or soft tissue
pain or spasms. We excluded obstetric and dial-
ysis patients, and patients with restless legs syn-
drome or nocturnal myoclonus. Senate Bill 819
specifically excludes patients with HIV and pa-
tients with cancer.

Drugs. We included the following oral drugs
classified as skeletal muscle relaxants: baclofen,
carisoprodol, chlorzoxazone, cyclobenzaprine,
dantrolene, metaxalone, methocarbamol, or-
phenadrine, and tizanidine. Other medications
used for spasticity but considered to be in an-
other drug class, such as benzodiazepines, qui-
nine, tricyclic antidepressants, gabapentin, and
clonidine, were not considered primary drugs
in this report, but were reviewed when they were
directly compared to an included skeletal
muscle relaxant. We excluded trials20,23–27 in
which an included skeletal muscle relaxant was
combined with an analgesic medication unless
the comparison arm included the same analgesic
medication and dose, trials28 which evaluated
skeletal muscle relaxants not approved in the
United States, and trials29 which only compared
one dose of an included skeletal muscle relax-
ant with another dose.

Outcomes. The main efficacy measures were
relief of muscle spasms or pain, functional
status, quality of life, withdrawal rates, and ad-
verse effects (including sedation, weakness,
addiction, and abuse). We excluded non-clini-
cal outcomes such as electromyogram measure-
ments or spring tension measurements.

There is no single accepted standard on how
to measure the included outcomes. Spasticity
is an especially difficult outcome to measure
objectively. The most widely used standardized
scales to measure spasticity are the Ashworth30

and modified Ashworth31 scales. In these scales,
the assessor tests the resistance to passive move-
ment around a joint and grades it on a scale of
0 (no increase in tone) to 4 (limb rigid in
flexion or extension). The modified Ashworth
scale adds a “1�” rating between the 1 and 2
ratings of the Ashworth scale. For both of these
scales, the scores are usually added for four
lower and four upper limb joints, for a total
possible score of 0–32, though scoring methods
can vary. Other measures of spasticity include
the pendulum test, muscle spasm counts, and
patient assessment of spasticity severity on a vari-
ety of numerical (e.g., 1–3, 1–4, 0–4) or categor-
ical (e.g., none, mild, moderate, severe) scales.
Many of these scales have not been validated.
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Muscle strength is usually assessed with the
British Medical Research Council (BMRC)
scale, which is based on the observation of resis-
tance provided byvoluntary muscle activity.14 An
assessor grades each muscle or muscle group
independently on a scale of 0 (no observed
muscle activation) to 5 (full strength).

Most studies measure pain using either visual
analogue or categorical pain scales. Visual ana-
logue scales (VAS) consist of a line on a piece
of paper labeled 0 at one end, indicating no
pain, and a maximum number (commonly 100)
at the other, indicating excruciating pain. Pa-
tients designate their current pain level on the
line. Categorical pain scales, on the other hand,
consist of several pain category options from
which a patient must choose (e.g., no pain,
mild, moderate, or severe). Pain control (im-
provement in pain) and pain relief (resolution
of pain) are also measured using visual ana-
logue and categorical scales.

Studies can evaluate functional status using
either disease-specific or non-specific scales.
Disease-specific scales tend to be more sensitive
to changes in status for that particular condition,
but non-specific scales allow for some compari-
sons of functional status between conditions.
The most commonly used disease-specific mea-
sure of functional and disability status in
patients with multiple sclerosis, for example,
is the Kurtzke Extended Disability Status Scale
(EDSS).32 The EDSS measures both disability
and impairment, combining the results of a
neurological examination and functional as-
sessments of eight domains into an overall score
of 0–10 (in increments of 0.5). Disease-specific
scales are also available for other musculoskele-
tal and spastic conditions.33, 34 Scales that are not
disease-specific include the Medical Outcomes
Study Short Form-36 (SF-36), Short Form-12
(SF-12), and other multi-question assessments.
Another approach to measuring function is to
focus on how well the medication helps resolve
problems in daily living that patients with spas-
ticity or musculoskeletal conditions commonly
face, such as getting enough sleep or staying
focused on the job. Some studies also report
effects on mood and the preference for one
medication over another.

We focused on the following common ad-
verse events: somnolence or fatigue, dizziness,
dry mouth, and weakness. We also paid special
attention to reports of serious hepatic injury,
abuse, and addiction.35 In some studies, only
“serious” adverse events or adverse events
“thought related to treatment medication” are
reported. Many studies do not define these
terms. We included information on hospitaliza-
tions and deaths when available.

Because of inconsistent reporting of out-
comes, withdrawal rates may be a more reliable
surrogate measure for either clinical efficacy
or adverse events in studies of skeletal muscle
relaxants. High withdrawal rates probably indi-
cate some combination of poor tolerability and
ineffectiveness. An important subset is with-
drawal due to any adverse event (those who discon-
tinue specifically because of adverse effects),
which may indicate an intolerable adverse event.

Study Types. We included the following study
types:

Systematic reviews of the clinical efficacy or
adverse event rates of skeletal muscle relax-
ants for spasticity or musculoskeletal condi-
tions, OR

Randomized controlled trials that compared
one of the included skeletal muscle relaxants
listed to another included skeletal muscle
relaxant, an antispasticity medication from
a different drug class, or placebo in adult
patients with spasticity or musculoskeletal
conditions, OR

Randomized controlled trials and large, high
quality observational studies that reported
adverse event rates for an included skeletal
muscle relaxant.

We did not systematically review case re-
ports and case series in which the proportion
of patients suffering an adverse event could
not be calculated. We excluded “single-dose”
studies, abstracts and unpublished trials unless
a pharmaceutical company submitted the
full data.

Data Abstraction
One reviewer abstracted the following data

from included trials: study design, setting, pop-
ulation characteristics (including sex, age, race,
diagnosis), eligibility and exclusion criteria, in-
terventions (dose and duration), comparisons,
numbers screened, eligible, enrolled, and lost to
follow-up, method of outcome ascertainment
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(e.g., scales used), and results for each outcome.
We recorded intention-to-treat results if avail-
able and the trial did not report high overall loss
to follow-up. In crossover trials, outcomes for the
first intervention were recorded if available to
minimize potential bias in results due to differ-
ential withdrawal prior to crossover. We also
wanted to screen out the possibility of a “car-
ryover” effect from the first treatment in studies
without a washout period or “rebound” spasticity
from withdrawal of the first intervention.36 A
second reviewer checked all data.

Quality Assessment
We assessed the quality of included trials using

predefined criteria (detailed methods available
on the Web37 or from the authors). Random-
ized, properly blinded clinical trials are consid-
ered the highest level of evidence for assessing
efficacy.38–40 Clinical trials that are not random-
ized or blinded or that have other methodo-
logic flaws are less reliable. These are discussed
in our report with references to specific flaws
in study design and data analysis.

We rated the internal validity of each trial
based on methods used for randomization; allo-
cation concealment and blinding; the similarity
of compared groups at baseline; maintenance
of comparable groups; adequate reporting of
dropouts, attrition, crossover, adherence, and
contamination; loss to follow-up; and the use
of intention-to-treat analysis. External validity
of trials was assessed based on: adequate de-
scription of the study population, similarity of
patients to other populations to whom the inter-
vention would be applied, control group receiv-
ing comparable treatment, funding source, and
the role of the funder.

Overall quality was assigned based on criteria
developed by the US Preventive Services Task
Force and the National Health Service Centre
for Reviews and Dissemination (UK).39,40 Trials
with a fatal flaw in one or more categories were
rated poor-quality. Trials that met all criteria
were rated “good quality.” The remainder was
rated fair quality. As the “fair-quality” category
is broad, studies with this rating vary in their
strengths and weaknesses. The results of some
fair-quality studies are unlikely to be valid,
while others are probably or likely to be valid. A
“poor-quality” trial is not valid. The results are
at least as likely to reflect flaws in the study
design as they are true differences between the
compared drugs.

Many of the studies we reviewed were con-
ducted in the 1970s and early 1980s when
standards for reporting clinical trial methodol-
ogy were generally less stringent. Authors of
these trials often did not discuss their methods
in what would today be considered adequate
detail.41 In general, not reporting specific areas
of methodology (such as randomization, alloca-
tion concealment, or blinding technique) was
not considered a “fatal flaw,” but did prevent a
trial from achieving a “good” rating for that
particular criterion.

A particular randomized trial might receive
two different ratings: onefor efficacy andonefor
adverse events. Appendix D on the Web site
shows the criteria we used to rate studies
reporting adverse events. These criteria reflect
aspects of the study design that are particularly
important for assessing adverse event rates. We
rated studies as good-quality for adverse event
assessment if they adequately met six or more
of the seven pre-defined criteria, fair if they met
three to five criteria, and poor if they met two
or fewer criteria.

After assignment of quality ratings by the ini-
tial reviewer, a second reviewer independently
assigned a quality rating. Overall quality rating
and quality rating scores (for studies on adverse
event assessment) were compared between
reviewers. If overall quality ratings differed, the
two reviewers came to consensus prior to as-
signing a final quality rating.

Data Synthesis
We constructed evidence tables showing

study characteristics, quality ratings, and results
for all included studies. To assess the overall
strength of evidence for a body of literature
about a particular key question, we examined
the consistency of study designs, patient popula-
tions, interventions, and results. Consistent re-
sults from good-quality studies across a broad
range of populations suggest a high degree of
certainty that the results of the studies were true
(that is, the entire body of evidence would
be considered “good quality.”) For a body of
fair-quality studies, however, consistent results
may indicate that similar biases are operating
in all the studies. Unvalidated assessment tech-
niques or heterogeneous reporting methods
for important outcomes may weaken the overall
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body of evidence for that particular outcome or
make it difficult to accurately estimate the true
magnitude of benefit or harm.

Results
Searches identified 3,847 citations: 335 from

the Evidence-Based Medicine (Cochrane) Li-
brary, 1,155 from MEDLINE, 2,314 from
EMBASE, and 43 from reference lists. We re-
ceived no pharmaceutical company submis-
sions. We identified 377 reports of clinical
trials and excluded 227 of these (see Appendix
B on the Web site for detailed search results).
Sixty-seven were excluded because they did not
evaluate an included population, 148 were ex-
cluded because they did not evaluate an in-
cluded intervention (skeletal muscle relaxant),
seven were excluded because they did not evalu-
ate an included outcome (spasms, pain,
strength, functional ability, or adverse events),
one was excluded because it was a single-dose
study, and four were excluded because they
were not English-language. We retrieved 150
reports on clinical trials for more detailed evalu-
ation. After this second review, we excluded 52:
39 because they did not evaluate an included
intervention, one because it did not evaluate
an included population, one because it did not
contain original data, two because they did
not evaluate an included outcome, six because
of study design (results published in another
reviewed trial, not a controlled trial, or no data),
and three because they were not in the En-
glish language.

Ninety-eight reports presenting data for 101
randomized controlled trials of patients with
spasticity (55 trials reported in 54 publications)
or musculoskeletal conditions (46 trials re-
ported in 44 publications) provided usable data
and were included. We also identified four rele-
vant systematic reviews41–44 and three relevant
meta-analyses (not systematic).45–47 In all trials,
external validity was difficult to assess. Num-
bers screened and enrolled were usually not
reported, eligibility and exclusion criteria were
often poorly specified, and funding sources
were often not stated. When exclusion criteria
were reported, numbers of patients excluded
for each criterion were not reported.
Comparative Efficacy: Spasticity

Systematic Reviews and Meta-Analyses. Three sys-
tematic reviews evaluated skeletal muscle relax-
ants used to treat patients with spasticity (Table
1). One was a good-quality systematic review41 of
various anti-spasticity agents, including skeletal
muscle relaxants, for treating symptoms of
multiple sclerosis (Table 1 and Evidence Table
1). It identified 11 head-to-head and 12 pla-
cebo-controlled trials (five trials of baclofen,
four dantrolene, and three tizanidine) of
included skeletal muscle relaxants. Seven of the
head-to-head trials compared tizanidine to
baclofen (including one German-language
trial, one unpublished trial and one abstract that
were not included in our search). Four other
trials compared baclofen, dantrolene, or tizani-
dine to diazepam. No evaluated trial was rated
good quality, and many trials used unvali-
dated measures of spasticity or muscle strength
and inconsistent reporting methods. The au-
thors found no pattern to suggest that one in-
cluded skeletal muscle relaxant was any better
than the others.Meta-analysis was not possible be-
cause of marked heterogeneity in study designs,
interventions used, and outcomes measured.

One systematic review evaluated pharmaco-
logic interventions for spasticity following
spinal cord injury.44 It was rated fair quality
because the authors had not yet assessed 15
identified potentially relevant studies. Of the
nine studies included, two were placebo-con-
trolled trials evaluating baclofen or tizanidine.
There were no head-to-head trials, and no study
was rated good quality. There was insufficient
evidence to judge the comparative efficacy of
tizanidine versus baclofen.

One systematic review43 evaluated 20 studies
of tizanidine versus baclofen (14 studies) or
diazepam (6 studies) in patients with spasticity.
This systematic review included both published
and unpublished trials and was rated poor qual-
ity (see Table 1). Although this systematic
review found some evidence of increased ef-
fectiveness of tizanidine compared to baclofen
and diazepam, it is not possible to determine
whether these conclusions are valid.

Two fair-quality meta-analyses (not systematic
reviews) evaluated unpublished trials on tizani-
dine versus baclofen or diazepam.45,46 Authors
of these trials were employed by Athena Neuro-
sciences (San Francisco, CA), a pharmaceutical
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Sys
Bro Included studies of generally

2 fair quality.

Cyclobenzaprine moderately effective
in improving symptoms compared to
placebo. No information on compar-
ative efficacy and safety.

Sh Included studies of fair or poor
2 quality.

Tizanidine more effective than baclo-
fen for muscle strength in 2 out of 7
head-to-head trials, otherwise no sig-
nificant differences in efficacy. No
differences in efficacy between tizani-
dine, baclofen, and dantrolene com-
pared to diazepam; diazepam
associated with more sedation and
less preferred.

Ta Included studies of fair or poor
2 . quality.

Tizanidine more effective than placebo
for Ashworth score but not for func-
tional status. No difference between
baclofen and placebo.

La rch Unable to assess quality of included
1 qual- studies.

suffi-
uded No significant differences between ti-

zanidine and baclofen or diazepam
for muscle tone, muscle spasms,
clonus, muscle strength, functional
status, or overall antispastic effect.
Tizanidine slightly better tolerated
than diazepam and baclofen. With-
drawals due to adverse events 4% on
tizanidine vs. 9% on baclofen or
diazepam.

(continued)
Table 1
Overview of Included Systematic Reviews on Skeletal Muscle Relaxants

Skeletal Muscle Number of Included
thor/Year Purpose of Study Relaxants Evaluated Studies and Patients Quality

tematic Reviews
wning Assess the effectiveness Cyclobenzaprine 14 trials Good.
00142 of cyclobenzaprine

in low back pain.
3315 patients

on cyclobenzaprine

akespeare Assess the comparative Tizanidine 36 trials (7 tizanidine Good.
00141 effectiveness and Baclofen vs. baclofen, 2 tizanidine

tolerability of Dantrolene vs. diazepam, 1 baclofen
anti-spasticity agents Diazepama vs. diazepam, 1 dantro-
in multiple sclerosis lene vs. diazepam)
patients.

1359 patients overall

ricco Assess the Tizanidine 9 trials (2 baclofen vs. Fair. Some identified
00044 effectiveness and Baclofen placebo, 1 tizanidine studies not assessed

safety of drugs for vs. placebo)
spasticity in spinal
cord injury patients. 218 patients overall

taste Assess the comparative Tizanidine 20 trials (14 vs. baclofen, Poor. Methods of sea
99443 efficacy of tizanidine Baclofen 6 vs. diazepam) not reported, study

compared to other Diazepama ity not assessed, in
anti-spastic agents. 385 patients on tizanidine, cient detail of incl

392 on baclofen or studies.
diazepam
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Meta-ana
Groves ufficient detail of No significant differences between

199846 ed studies and not tizanidine and baclofen or diazepam
f data combined for spasticity by Ashworth score or
priately. mean change in muscle strength.

“Global tolerability to treatment”
favored tizanidine compared to
baclofen (P � 0.008) and diazepam
(P � 0.001).

Wallace ufficient detail of See results for Groves 1998 for results
199445 ed studies and not of head-to-head studies.

f data combined
priately. In placebo-controlled studies, there

were increased withdrawals due to
adverse events (44/284 vs. 15/277)
on tizanidine. Frequent adverse
events on tizanidine were dry mouth
(49%), somnolence (48%), asthenia
(41%), dizziness (16%), head-
ache (12%).

Nibbelin ufficient detail of ‘Global response’ equivalent for
197847 ed studies and not cyclobenzaprine and diazepam and

f data combined significantly better than placebo.
priately. Muscle spasms, tenderness on palpa-

tion, limitation of motion, and limi-
tation of daily living (but not local
pain) significantly better in patients
on cyclobenzaprine compared to di-
azepam at Week 2 using unvalidated
methods.

aCompara
Table 1
Continued

Skeletal Muscle Number of Included
Year Purpose of Study Relaxants Evaluated Studies and Patients

lyses
Assess the efficacy Tizanidine 10 trials (7 vs. baclofen, 3 Fair. Ins

and tolerability of Baclofen vs. diazepam) includ
tizanidine using Diazepama clear i
unpublished trials held 270 patients overall appro
by the manufacturer.

Assess the efficacy Tizanidine 3 placebo-controlled trials Fair. Ins
and tolerability of Baclofen with 525 patients includ
tizanidine using Diazepama clear i
unpublished trials 11 head-to-head studies (8 appro
held by the vs. baclofen, 3 vs. diaze-
manufacturer. pam) with 270 patients

k Assess the efficacy of Cyclobenzaprine 20 randomized trials Fair. Ins
cyclobenzaprine using Diazepama includ
unpublished trials. Placebo 434 patients on cyclobenza- clear i

prine, 280 on diazepam, appro
439 on placebo

tor
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company marketing tizanidine in the U.S., and
analyzed the same trials (ten trials in one meta-
analysis46 and eleven in the other45). Both stud-
ies found no significant differences between
tizanidine compared to diazepam orbaclofen
for outcomes of tone (Ashworth scale) or muscle
strength (summed BMRC strength scores).

Head-to-Head Trials. Of 55 trials evaluating in-
cluded skeletal muscle relaxants in patients with
spasticity, 17 (total enrolled � 654) were head-
to-head trials of two skeletal muscle relaxants
or a skeletal muscle relaxant versus another
medication used to treat spasticity (Table 2).
The majority (10) of the trials focused on pa-
tients with multiple sclerosis, but other clinical
conditions (children with cerebral palsy,48 post-
stroke or head trauma,49 spinal cord injury,50

and spasticity from various causes51–54) were also
evaluated. Except for one study lasting one
year,51 all of the head-to-head trials were of rela-
tively short duration, ranging from 2 to 8 weeks
per intervention. All of the trials except one50

were published before 1990. Although elderly
patients were included in most trials, no trial
specifically evaluated only elderly patients. One
trial included only children.48

None of the 17 head-to-head trials was rated
good quality. All studies had at least two of the
following methodological flaws: randomization
technique not described, eligibility criteria not
described, blinding technique not described,
allocation concealment technique not de-
scribed, or high loss to follow-up (Evidence
Table 3). Adequate blinding is an especially
important factor in studies using subjective out-
comes, such as patient preference, global assess-
ments, spasm severity, or pain. One trial
comparing baclofen to clonidine that found no
differences for spasticity was rated poor quality
because it was not randomized and did not per-
form blinding, and was excluded from the
tables.55 The remainder were rated fair quality.
Possible confounding factors in these trials in-
cluded different methods of medication titra-
tion or target doses, differential withdrawals
during the first intervention period in crossover
trials, and previous use of an intervention or
other muscle relaxant, which was inconsistently
reported. In crossover trials, results of the first
intervention were usually not reported.

In eight trials of tizanidine vs. baclofen, the
average dose of tizanidine ranged from 11 mg/
day53 to 24 mg/day56–58 and the dose of baclo-
fen ranged from 15 mg/day57 to 90 mg/day.58

Most of these trials evaluated patients with mul-
tiple sclerosis. In each of these eight trials, tizan-
idine and baclofen appeared to have roughly
equivalent efficacy (Table 2). Outcomes mea-
sured included muscle tone, muscle spasm,
clonus, functional assessments, patient or physi-
cian global assessments, and patientor physician
preference. These outcomes were assessed using
a variety of methods, including unvalidated or
unspecified scales. Six trials36,51,53,56,57,59 used
theAshworth scale to measure spasticity or tone,
but methods of reporting these results were in-
consistent and raw scores were usually not pre-
sented. In most trials, regardless of the method
used to assess outcomes, patients receiving
either baclofen or tizanidine reported signifi-
cant improvements compared to baseline. The
longest trial (52 weeks compared to 8 weeks
or less for the other trials) reported results simi-
lar to shorter trials.51 The overall withdrawal
rate was higher with baclofen than with tizani-
dine in three out of seven trials51,57,60 and
roughly equivalent in the other four. Of the
three trials with differential withdrawal rates,
two had low numbers of overall withdrawals (five
in each trial), making the significance of
these differential rates difficult to assess. In two
of the trials,51,60 withdrawals due to adverse
events accounted for most of the observed dif-
ferences in overall withdrawal rates (see section
on adverse events).

There were no trials directly comparing dan-
trolene to baclofen or tizanidine. In the eight
trials48,49,52–54,61–63 of tizanidine, baclofen, or
dantrolene versus diazepam, there was no pat-
tern to suggest that any of these skeletal muscle
relaxants was superior to the others for assessed
clinical outcomes including spasm, strength,
functional status, or patient preference (Table
2 and Evidence Table 3). Differences in study
design, patient populations, outcomes evalu-
ated, and roughly similar efficacy of each skele-
tal muscle relaxant compared to diazepam in
individual trials made it impossible to make ac-
curate judgments about the comparative effi-
cacy of tizanidine, baclofen, and dantrolene
from these trials as a whole.

Placebo-Controlled Trials. In addition to one
head-to-head trial54 that also included a placebo
arm, we identified an additional 38 additional
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Withdrawals
Main Results (overall)

No significant differences 11% (5/46)
between interventions 28% (13/46)
for main outcomes.

le

No significant differences 16% (8/50)
between interventions. 12% (6/50)

ds
ort No significant differences 6% (1/16)

between interventions 25% (4/16)
(Ashworth scale scores
not reported).

s
ty

ort No significant differences 7% (1/15)
between interventions 27% (4/15)
(Ashworth scale scores
not reported).

lity

No significant differences 11% (4/36)
les between interventions 17% (6/36)

(Ashworth scale scores
not reported).

No significant differences 6% (1/16)
between interventions 6% (1/16)
(Ashworth scale scores
not reported).

No significant differences None reported
between interventions
(Ashworth scale scores
not reported).

ods

(continued)
Table 2
Overview of Head-to-Head Trials of Skeletal Muscle Relaxants for Spas

Population/Number
Interventions/Dose Study/Year/Quality Enrolled Main Outcomes Assessed

Tizanidine versus Baclofen
Tizanidine mean Bass 198860 Multiple sclerosis Spasticity: 6-point scale

17 mg/day Strength: 6-point scale
Baclofen mean 35 mg/day Fair 66 Functional status: Kurtzke functional scale

Disability: Pedersen functional disability sca
Preference: patient assessment

Tizanidine titrated to Eyssette 198858 Multiple sclerosis Spasticity: 5-point scale
24 mg/day Stretch reflex: 1–5 scale

Baclofen titrated to Fair 100 Functional status: Unspecified methods
60 mg/day Efficacy and tolerability: Unspecified metho

Tizanidine 12–24 mg/day Hoogstraten 198857 Multiple sclerosis Spasticity: Ashworth scale and patient self-rep
Baclofen 15-60 mg/day Fair 16 (5-point scale)

Disability: Kurtzke Expanded
Disability Status Scale
Functional status: Kurtzke Functional System
Incapacity status: Minimal record of disabili
for multiple sclerosis
Ambulation: Ambulation index
Clonus and reflexes: Unspecified methods
Muscle strength and pain: 5-point scales
Efficacy and tolerance: �3 to �3 scales

Tizanidine mean Medici 198951 Spasticity due to Spasticity: Ashworth scale and patient self-rep
20 mg/day various causes (4-point scale)

Baclofen mean 50 mg/day Fair 30 Muscle strength: 5-point scale
Clonus: 3-point scale
Functional status: Kurtzke Expanded Disabi
Status Scale
Global assessments: Unspecified methods

Tizanidine titrated to Newman 198259 Multiple sclerosis (32) or Spasticity: Ashworth scale
16 mg/day syringomyelia (4) Functional status: Kurtzke and Pedersen sca

Baclofen titrated to Fair 36
40 mg/day

Tizanidine mean Rinne 1980 (2)53 Multiple sclerosis (24) or Spasticity: Ashworth scale
11 mg/day cervical myelopathy (8)

Baclofen mean 51 mg/day Fair 32

Tizanidine 8 mg tid Smolenski 198156 Multiple sclerosis Tone: Ashworth scale
Baclofen 20 mg tid Fair 21 Spasticity: 5-point scale

Muscle strength: 6-point scale
Global assessment of change in condition:

Unspecified methods
Tolerance to medication: Unspecified meth
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Withdrawals
Inte Main Results (overall)

Tiz No significant differences 6% (1/18)
2 y between interventions 5% (1/20)

Bac (Ashworth scale scores
not reported).

Tiza
Tiz No significant differences 12% (6/51)

1 between interventions. 31% (17/54)
Dia

2

Tiz No significant differences 0% (0/15)
1 between interventions 27% (4/15)

Dia (Ashworth scale scores
1 not reported).

Bac No significant differences Not clear
6 between interventions

Dia (mean Ashworth score
3 improvement 0.227 vs.

0.202 on high-doses).
Bac ci- No significant differences 6% (1/16)

between interventions 0% (0/16)
Dia d (Ashworth scale scores

2 not reported).

Bac No significant differences None reported
between interventions.

Dia
Dan No significant differences 19% (3/16)

between interventions. 6% (1/16)
Dia

Dan No significant differences None reported
7 between interventions.

Dia
m

Dan No significant differences Not clear
7 between interventions

Dia for spasticity or clonus.
5 Reflexes, station stabil-

ity, and hand coordina-
tion favor dantrolene.
Table 2
Continued

Population/Number
rventions/Dose Study/Year/Quality Enrolled Main Outcomes Assessed

anidine mean Stien 198736 Multiple sclerosis Tone/spasticity: Ashworth scale
3 mg/day Functional status: Kurtzke Expanded Disabilit
lofen mean 59 mg/day Fair 40 Status Scale

Functional assessment: Pederson scale
nidine, Baclofen, or Dantrolene versus Diazepam

anidine mean Bes 198849 Post-stroke or Spasticity: 5-point scale
7 mg/day head-trauma Functional status: walking distance
zepam mean Fair 105 Severity of spasms: 5-point scale
0 mg/day Muscle strength: Unspecified methods

Clonus: Unspecified methods
anidine mean Rinne 1980 (1)53 Multiple sclerosis Spasticity: Ashworth scale
4 mg/day
zepam mean Fair 30
5 mg/day
lofen 30 mg/day and Cartlidge 197463 Multiple sclerosis Spasticity: Ashworth scale
0 mg/day
zepam 15 mg/day and Fair 40
0 mg/day

lofen mean 61 mg/day From 197561 Multiple sclerosis Spasticity: Ashworth scale, clinical exam (unspe
inpatients fied methods) Clinical assesments of spasms,

zepam mean Fair 16 clonus, bladder function, walking: Unspecifie
7 mg/day methods

Patient preference
lofen mean 47 mg/day Roussan 198552 Spasticity due to various Global response to treatment: 0 (no improve-

causes ment) to 3� (marked improvement)
zepam 28 mg/day Fair 13
trolene 100 mg qid Glass 197454 Spasticity due to various Spasticity/tone: 6-point scale

causes Reflexes: 6-point scale
zepam 5 mg qid Fair 16 Clonus: 6-point scale

Strength: 6-point scale
trolene titrated to Nogen 197648 Children with cerebral Tone: Unspecified method

5 mg qid palsy Tendon jerk: Unspecified method
zepam titrated to 12 Fair 22 Clonus: Unspecified method
g/day Strength: Unspecified method

Overall evaluation: Unspecified method
trolene titrated to Schmidt 197662 Multiple sclerosis Spasticity: 6-point scale

5 mg qid Clonus: 6-point scale
zepam titrated to Fair 46 Reflexes: 6-point scale
mg qid Functional status: Methods not specified,

derived from ACTH cooperative study
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Main Outcomes for Spasticity/Tone

lofen based on “EMG and force recordings”
eported).
lofen using unspecified method (P not reported).

lofen using Ashworth scale (P not reported).

uperior using 5-point scale (P � 0.01).

uperior using unspecified method (P not reported).

vement on baclofen using unspecified method.

ed; study stopped due to excess adverse events
lence).
lofen using 5-point scale for spasm and spasm counts
eported).
ant difference using Ashworth scale.

uperior using Ashworth scale (P � 0.001).

uperior using Ashworth scale (P � 0.001).

ant difference using Ashworth scale.

uperior using unspecified method (P � 0.01).

uperior using 6-point scale (P � 0.001).

not assessed.

rable difference using 4-point scale.

e superior for “neurologic measurements” using
fied methods (P � 0.04).
e superior using 6-point scale (P � 0.05, raw data not
).

assessed using unspecified method; outcomes not
.

(continued)
Table 3
Overview of Placebo-Controlled Trials of Included Skeletal Muscle Relaxa

Medication Trial/Quality Population/Number Enrolled

Baclofen Basmajian 19744 Various spasticity Favors bac
Fair 15 (P not r

Baclofen Basmajian 197565 Various spasticity Favors bac
Fair 14

Baclofen Brar 199166 Multiple sclerosis Favors bac
Fair 38

Baclofen Duncan 197667 M.S. or spinal cord lesions Baclofen s
Poor 25

Baclofen Feldman 197868 Multiple sclerosis Baclofen s
Fair 33

Baclofen Hinderer 199069 Spinal cord lesions No impro
Poor 5

Baclofen Hulme 198570 Post-stroke (elderly patients) Not assess
Fair 12 (somno

Baclofen Jones 197071 Spinal cord injury Favors bac
Fair 6 (P not r

Baclofen McKinlay 198072 Children with spasticity (criteria No signific
Fair not specified)

20
Baclofen Medaer 199173 Post-stroke Baclofen s

Fair 20
Baclofen Milla 197774 Various spasticity (children) Baclofen s

Fair 20
Baclofen Orsnes 200075 Multiple sclerosis No signific

Fair 14
Baclofen Sachais 197776 Multiple sclerosis Baclofen s

Fair 166
Baclofen Sawa 197977 Multiple sclerosis Baclofen s

Fair 21
Dantrolene Basmajian 197378 Upper motor neuron disease Spasticity

Poor 25
Dantrolene Chyatte 197379 Athetoid cerebral palsy (children) No measu

Fair 18
Dantrolene Denhoff 197580 Various spasticity (children) Dantrolen

Fair 18 unspeci
Dantrolene Gambi 198381 Multiple sclerosis or myelopathy Dantrolen

Fair 24 reported
Dantrolene Gelenberg 197382 Multiple sclerosis Spasticity

Poor 20 reported
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Main Outcomes for Spasticity/Tone

ne for resistance to active stretch and tendon jerk
t scales (P not reported).
ifference using 5-point scale.

ifference using 4-point scale.

difference using 0–6 motor assessment scale.

ne, assessment method not reported.

erior using Ashworth scale (P�0.05).

clear, results for placebo not reported.

eizures on dantrolene; other outcomes not

clear (unspecified methods), results for placebo not

ne using 7-point scale (P not reported).

erior for spasms using unspecified scale
no differences for walking/staircase time.
difference using Ashworth scale.

difference using unspecified method.

difference using Penn Spasm Frequency Scale,
ine using Ashworth scale (P�0.006).

erior using Ashworth scale (P � 0.0001) and pendu-
0.004); no difference in daily spasm frequency.
difference using Ashworth scale, 4-point scale, or

erior using Ashworth scale (P � 0.004).

clear using 5-point scale.

difference using 5-point scale.

difference for overall condition using 3-point scale,
ol superior for motor function (P � 0.01) using

e for lower extremities but no significant difference
tremities.
Table 3
Continued

Medication Trial/Quality Population/Number Enrolled

Dantrolene Glass 197454 Various spasticity Favors dantrole
Fair 16 using 6-poin

Dantrolene Haslam 197483 Perinatal brain injury (children) No statistical d
Fair 26

Dantrolene Joynt 198084 Cerebral palsy (children) No statistical d
Fair 21

Dantrolene Katrak 199285 Post-stroke No measurable
Fair 38

Dantrolene Ketel 198486 Post-stroke Favors dantrole
Poor 18

Dantrolene Luisto 198287 Various spasticity Dantrolene sup
Fair 17

Dantrolene Monster 197488 Various spasticity Outcomes not
Fair 200

Dantrolene Nogen 197989 Children with spasticity and epilepsy No increased s
Fair 21 reported.

Dantrolene Sheplan 197590 Various spasticity (all men) Outcomes not
Fair 18 reported.

Dantrolene Tolosa 197591 Multiple sclerosis Favors dantrole
Fair 23

Dantrolene Weiser 197892 Spinal cord disease Dantrolene sup
Fair 35 (P � 0.002);

Tizanidine Knutsson 198293 Various spasticity No significant
Fair 13

Tizanidine Lapierre 198794 Multiple sclerosis No significant
Fair 66

Tizanidine Meythaler 200195 Various spasticity No significant
Fair 17 favors tizanid

Tizanidine Nance 199450 Spinal cord injury Tizanidine sup
Fair 124 lum test (P�

Tizanidine Smith 199496 Multiple sclerosis No significant
Fair 220 daily counts.

Tizanidine UK Tizanidine Trial Multiple sclerosis Tizanidine sup
Group 199497 187

Fair
Chlorzoxazone Losin 196698 Various spasticity (children) Outcomes not

Poor 30
Cyclobenzaprine Ashby 1972100 Various spasticity No significant

Fair 15
Methocarbamol Bjerre 197199 Cerebral palsy (children) No significant

Poor 44 methocarbam
Johnson scal
for upper ex
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placebo-controlled trials (Table 3). Fourteen
evaluated baclofen,64–77 15 dantrolene,78–92 six
tizanidine,55,93–97 one chlorzoxazone,98 one
methocarbamol,99 and one cyclobenzaprine.100

Conditions evaluated in these studies were
multiple sclerosis, cervical myelopathy, cerebral
palsy, post-stroke, traumatic brain injury,
spinal cord injury, and spasticity from various
causes. Nine placebo-controlled trials evaluated
children72,74,79,80,83,84,89,98,99 and one specifically
evaluated elderly post-stroke patients.70 We
identified no placebo-controlled trials of cari-
soprodol, metaxalone, or orphenadrine in pa-
tients with spasticity.

None of the placebo-controlled trials was
rated good quality (Evidence Table 4). Main
results from placebo-controlled trials for spas-
ticity are summarized in Table 3. Most of the
placebo-controlled trials found either signifi-
cant benefits or trends towards benefit from
baclofen, dantrolene, and tizanidine compared
to placebo for spasticity, functional ability,
and strength. However, because of the use of
unvalidated outcomes scales and inconsistent
methods for reporting outcomes, the relative
magnitude of benefit for each of these medica-
tions could not be compared across studies.
There was inadequate evidence from one
trial98 of chlorzoxazone (rated poor quality),
one trial100 of cyclobenzaprine (no significant
differences), and one trial99 of methocarbamol
in children with cerebral palsy (rated poor
quality) to show that these skeletal muscle relax-
ants are effective for treatment of spasticity.
These three medications are not approved for
this indication.

Meta-analysis could not be performed on the
placebo-controlled trials because of marked dif-
ferences in interventions (doses used and meth-
ods of titration), trial designs, populations
studied, outcomes scales, and methods for re-
porting outcomes. No reliable conclusions
about comparative efficacy can be drawn from
these placebo-controlled trials.

Comparative Efficacy: Musculoskeletal
Conditions

Systematic Reviews and Meta-Analyses. We identi-
fied no systematic reviews comparing different
skeletal muscle relaxants in patients with mus-
culoskeletal conditions.
One good-quality systematic review evaluated
the efficacy of cyclobenzaprine versus placebo
for treatment of back pain (Table 1 and Evi-
dence Table 2).42 This systematic review exam-
ined 14 trials of fair overall quality and found
that cyclobenzaprine was associated with better
‘global improvement’ scores at Day 14 (odds
ratio 4.7; 95% confidence interval (CI), 2.7–
8.1). For individual symptoms, the systematic
review found a modest magnitude of improve-
ment (effect size 0.38–0.58) compared to pla-
cebo by Day 14 for five outcomes: local pain,
muscle spasm, tenderness to palpation, range
of motion, and activities of daily living. Informa-
tion regarding other skeletal muscle relaxants
evaluated in included trials was specifically ex-
cluded from analysis in this systematic review.

One fair-quality meta-analysis evaluated the
comparative efficacy of cyclobenzaprine, diaz-
epam and placebo.47 This study summarized
results of 20 unpublished short-term (2-week)
trials performed in the U.S. in 1153 patients
with muscle spasm; the authors were employed
by Merck Laboratories. It included patients with
post-traumatic injury, musculoskeletal strain,
radiculopathy, and osteoarthritis. This study
found that the unvalidated outcome measure
‘global response’ was equivalent for cyclobenza-
prine and diazepam (66% marked or moderate
improvement) and significantly better than pla-
cebo (40%).

Head-to-Head Trials. Of 46 trials of included
skeletal muscle relaxants in patients with muscu-
loskeletal conditions, 11 (total enrolled � 724)
were head-to-head trials (Table 4). All of the
head-to-head trials focused on patients with
back or neck pain and spasms. One trial101 fo-
cused on patients with chronic symptoms and
the remainder evaluated patients with acute
symptoms. The duration of all head-to-head
trials ranged from seven18 to 18102 days. All of
the trials were published before 1985. Although
elderly patients were included in most trials, no
trial specifically evaluated only elderly patients
and none included children.

None of the 11 head-to-head trials was rated
good-quality; all had at least two important
methodological flaws (Evidence Table 5). All
trials were rated fair except one trial of cycloben-
zaprine versus diazepam that was rated poor
because in addition to other flaws, it only re-
ported results for 52 of the 105 enrollees and
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uloskeletal Conditions

Overall
Intervent Main Results Withdrawals

Tizanidin
Tizanidin No significant differences between 0% (0/14)
Chlorzox interventions. 8% (1/13)

500 mg

Cyclobenza
Cycloben No significant differences between in- 14% (12/87)

10 mg terventions except slightly greater 13% (12/94)
Methoca proportion of patients with improve-

1500 m ment in local pain with cyclobenza-
prine (48% vs. 40%).

Cyclobenza
Cycloben No significant differences between 24% (9/37)

10 mg interventions. 28% (11/39)
Carisopro

Carisoprod
Carisopro Carisoprodol superior to diazpeam for 10% (4/40)

muscle stiffness (P � 0.05), tension 12% (5/40)
(P � 0.05), and relief (P � 0.05)

Diazepam using 5-point scales; trend towards
better overall relief (68% vs. 45%)
with carisoprodol.

Cycloben Cyclobenzaprine more effective than 13% (5/38)
10–20 diazepam for muscle spasm, tender- 15% (6/40)

Diazepam ness, limitation of motion at Week 1
(P � 0.05) and for pain, tenderness,
limitation of motion, and global re-
sponse at Week 2 (P � 0.05).

(continued)
Table 4
Overview of Head-to-Head Trials of Skeletal Muscle Relaxants for Musc

Population/
ions/Dose Study/Year Number Enrolled Main Outcomes Assessed

e versus Chlorzoxazone
e 2 mg tid Bragstad 1979103 Back spasms Muscle tension: 4-point scale
azone Fair 120 Pain intensity: 4-point scale

tid Tenderness: 4-point scale
Interference with normal activities:
4-point scale

prine versus Methocarbamol
zaprine Preston 198418 Localized acute Muscle spasm: 9-point scale
tid muscle spasm Local pain and tenderness: 9-point scale

rbamol Fair 227 Limitation of normal motion: 9-point scale
g qid Interference with normal activities: 9-point

scale
prine versus Carisprodol
zaprine Rollings 1983104 Back spasms Pain severity: 1–5 verbal rating scale and 0–100
qid visual analogue scale
dol 350 mg qid Fair 78 Muscle stiffness: VRS and VAS

Activity impairment: VRS and VAS
Sleep impairment: VRS and VAS
Muscle tension: VRS and VAS

ol, Cyclobenzaprine or Tizandine versus Diazepam
dol 350 mg qid Boyles 1983105 Acute back sprain Muscle spasm: 5-point scale

or strain with Tenderness: 5-point scale
spasms Mobility restriction: 5-point scale

5 mg qid Fair 80 Pain, stiffness, activity, sleep impairment,
tension: 5-point scales

zaprine Aiken 1978a107 Acute back or Muscle spasm: 5-point scale
mg tid neck spasms Limitation of motion: 5-point scale

5–10 mg tid Fair 117 Daily activities: 5-point scale
Pain: 5-point scale
Tenderness: 5-point scale
Global response: 5-point scale (worse to
marked improvement)
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Cyclobenzapr No significant differences between Not reported
10–20 mg t interventions.

Diazepam 5 m
Cyclobenzapr No significant differences between None reported

10 mg tid interventions.
Diazepam 5 m
Cyclobenzapr No significant differences between 35% (12/34)

30–40 mg t interventions except cyclobenza- 9% (3/32)
Diazepam 15– prine more effective for tenderness

at Week 2 (P � 0.05), limitation of
motion at Weeks 1 and 2

se to (P � 0.01), and global evaluation
(marked improvement) (P � 0.01).

Cyclobenzapr Cyclobenzaprine more effective than 8% (2/26)
30–40 mg t diazepam (P � 0.05) for all out- 21% (5/24)

Diazepam 15– comes at Weeks 1 and 2 except for
muscle spasm and limitation of
motion at Week 1.

se to

Tizanidine 4– No significant differences between None reported
interventions.

Diazepam 5–1

Tizanidine 4 No significant differences between 7% (1/15)
interventions. 0% (1/15)

Diazepam 5 m hod
Table 4
Continued

Population/
/Dose Study/Year Number Enrolled Main Outcomes Assessed

ine Basmajian Back or neck Muscle spasm: 5-point scale
id 1978102 spasms
g tid Poor 120

ine Brown 1978101 Back or neck Global evaluation: 5-point scale
spasms

g tid Fair 49
ine Scheiner 1978 Acute back or Muscle spasm: 5-point scale
id (1)106 neck spasms Pain: 5-point scale
20 mg/day Fair 96 Tenderness: 5-point scale

Limitation of motion: 5-point scale
Daily activities: 5-point scale
Global evaluation: 5-point scale (wor
marked improvement)

ine Scheiner 1978 Acute back or Muscle spasm: 5-point scale
id (2)106 neck spasms Pain: 5-point scale
20 mg/day Fair 75 Tenderness: 5-point scale

Limitation of motion: 5-point scale
Daily activities: 5-point scale
Global evaluation: 5-point scale (wor
marked improvement)

8 mg tid Fryda-Kaurimsky Degenerative Pain: 4-point scale
1981108 spinal disease Tenderness: 4-point scale

with acute Muscle spasm: 3-point scale
muscle spasm
(inpatients)

0 mg tid Fair 20 Abnormal posture: 3-point scale
Daily activities: 4-point scale

mg tid Hennies 1981109 Back or neck Pain: 4-point scale
spasms Muscle tension: Unspecified method

g tid Fair 30 Daily living activity: Unspecified met
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letal Conditions

Skeletal Muscle Relaxant versus Placebo)

4-point scale, carisoprodol superior to placebo for
for sleep.

and limitation of movement using unspecified

functional assessments using 4-point scales (all
100 visual analogue scale (P � 0.01).

P � 0.015) and functional assessment (P � 0.04)
fference for sleep impairment using 4-point scale

r pain, tenderness, limitation of motion, daily
� 0.05) at end of Week 2 using 5-point scales.

r spasm, limitation of motion, daily activities (all
); and global evaluation (P not reported) using

scle spasm (P � 0.01) and pain (P � 0.01) using

rmance time or muscle spasms using 5-point scale.

scle spasm, or functional measurements using

0.02) using 1–10 visual analogue scale and sleep
e (P � 0.02).
tion using 5-point scale (P not reported).

clobenzaprine superior to placebo for muscle
motion, and global evaluation (all P � 0.01) and

o naprosyn alone for functional capacity using
spasm using 4 point scale (P � 0.05), no difference
d 4-point scales).
r global evaluation using 5-point scale (P not

mprovement using 0–10 visual analogue scale, pain
ctional disability, or psychological status.
ale (P not reported).

itation of motion; favors cyclobenzaprine for local
ted) using 9-point scales.
ale for patient-rated stiffness and aching, patient-
rating (P � 0.05), no difference using 5-point scale

ain.

(continued)
Table 5
Overview of Placebo-Controlled Trials of Skeletal Muscle Relaxants for Musculoske

Medication Trials Population/Number Enrolled Main Outcomes (Included

Carisoprodol Baratta 1976121 Low back syndrome No significant difference for pain using
Fair 105 various functional measurements and

Carisoprodol Cullen 1976122 Acute back or neck syndrome Carisoprodol superior for pain, spasm,
Fair 65 methods (all P � 0.01).

Carisoprodol Hindle 1972123 Low back syndrome (Mexican migrant Carisoprodol superior for pain, spasm,
Fair workers) P � 0.01) and pain intensity using 0–

48
Carisoprodol Soyka 1979124 Acute neck or low back syndrome Favors carisoprodol for muscle spasm (

Fair 414 using 5-point scales, no significant di
or pain using 5-point scale.

Cyclobenzaprine Aiken 1978a125 Acute neck or low back syndrome Cyclobenzaprine superior to placebo fo
Fair 117 (including diazepam arm) activities, and global evaluation (all P

Cyclobenzaprine Aiken 1978b125 Acute neck or low back syndrome Cyclobenzaprine superior to placebo fo
Fair 50 P � 0.01); pain/tenderness (P � 0.05

5-point scales.
Cyclobenzaprine Baratta 1982126 Various acute muscle spasm Cyclobenzaprine superior for local mu

Fair 120 5-point scale.
Cyclobenzaprine Basmajian 1978102 Various acute muscle spasm No significant differences for task perfo

Fair 120 (including diazepam arm)
Cyclobenzaprine Basmajian 1989127 Various acute muscle spasm No significant differences for pain, mu

Fair 175 unspecified methods.
Cyclobenzaprine Bennett 1988114 Fibromyalgia Cyclobenzaprine superior for pain (P �

Fair 120 quality and fatigue using 5-point scal
Cyclobenzaprine Bercel 1977128 Neck or back pain � 30 days Favors cyclobenzaprine for spasm dura

Fair 54
Cyclobenzaprine Bianchi 1978129 Acute neck or low back syndrome No significant differences at Day 14; cy

Fair 48 consistency, tenderness, limitation of
daily activities (P � 0.05) at Day 7.

Cyclobenzaprine Borenstein 1990110 Acute low back syndrome Cyclobenzaprine � naprosyn superior t
(�naprosyn Poor 40 4-point scale (P � 0.05) and muscle
in both arms) for resolution of pain (using 0–20 an

Cyclobenzaprine Brown 1978101 Chronic (�12 months) neck or low Cyclobenzaprine superior to placebo fo
Fair back pain reported).

Cyclobenzaprine Carette 1994115 Fibromyalgia No significant difference for 6-month i
Fair 208 using McGill Pain Questionnaire, fun

Cyclobenzaprine Lance 1972117 Poor Chronic tension headache Favors cyclobenzaprine using 3-point sc
20

Cyclobenzaprine Preston 198418 Acute local muscle spasm No differences for muscle spasm or lim
Fair 227 (includes methocarbamol arm) pain and daily activities (P not repor

Cyclobenzaprine Quimby 1989130 Fibromyalgia Favors cyclobenzaprine using 5-point sc
Fair 40 rated poor sleep, and overall patient

for patient rated fatigue or muscle p
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rity count using 5-point scale, pain using 7-point scale,
ess using Stanford Sleepiness Rating Scale.
for muscle spasm, local pain, tenderness, limitation

bal evaluation (P � 0.01) using 5-point scales.
for muscle spasm, local pain, tenderness, limitation

bal evaluation (P � 0.01) using 5-point scales.
evaluation, pain, muscle spasm, or functional
ethods.

m, local pain, limitation of normal motion, and
ing unspecified scales.

nt scale for muscle spasm or 4-point scale for pain.

apeutic response using 4-point scale, range of motion
pasm using 5-point scale.
apeutic response using 4-point scale, range of motion
pasm using 5-point scale.
ors cyclobenzaprine for local pain, limitation of
reported) using 9-point scales.
spasm and local pain at 48 hours using 5-point scales;
tion of motion and daily activities at 1 Week
P � 0.10) or muscle spasm (NS) using 5-point scales.
nsity (P � 0.01) and pain relief (P � 0.01)using

of nocturnal leg cramps in one-month period.

ss and function using 4-point scales (P not reported).

nt scale for ‘overall effect’.

enderness, spasm, functional assessments using

m using “manual semiotic maneuvers” (P � 0.001)
logue scale (P � 0.001).
racture using 4-point scale (P � 0.04), strength using

ence for pain on movement using 4-point scale.

n movement (P � 0.029), and pain at night
o differences for pain at rest or restriction of

(continued)
Table 5
Continued

Medication Trials Population/Number Enrolled Main Outcomes (Include

Cyclobenzaprine Reynolds 1991113 Fibromyalgia No differences for tender point seve
Fair 12 fatigue using 7-point scale, sleepin

Cyclobenzaprine Scheiner 1978 (1)106 Acute back or neck spasm Cyclobenzaprine superior to placebo
Fair 96 of motion, daily activities, and glo

Cyclobenzaprine Scheiner 1978 (2)106 Acute back or neck spasm Cyclobenzaprine superior to placebo
Fair 75 of motion, daily activities, and glo

Cyclobenzaprine Steingard 1980131 Back or neck spasm No significant differences for global
Fair 121 measurements using unspecified m

Metaxalone Dent 1975133 Acute skeletal muscle disorders Metaxolone superior for muscle spas
Poor (not specified) interference with daily activities us

228
Metaxalone Diamond 1966135 Muscle pain and spasm, unspecified No significant difference using 5-poi

Fair locations
100

Metaxalone Fathie 1964 (1)134 Low back pain Metaxolone superior for global ther
Fair 100 using 5-point scale, and palpable s

Metaxalone Fathie 1964 (2)134 Low back pain Metaxolone superior for global ther
Fair 100 using 5-point scale, and palpable s

Methocarbamol Preston 198418 Acute local muscle spasm No differences for muscle spasm; fav
Fair 227 (includes cyclobenzaprine arm) motion, and daily activities (P not

Methocarbamol Tisdale 1975141 Acute local muscle spasm Methocarbamol superior for muscle
Fair 180 methocarbamol superior for limita

(P � 0.05) but not for local pain (
Orphenadrine Gold 197821 Acute low back syndrome Orphenadrine superior for pain inte

Poor 60 unspecified methods.
Orphenadrine Latta 1989120 Nocturnal leg cramps (elderly) Orphenadrine superior for number

Fair 59
Orphenadrine McGuinness 1983111 Various musculoskeletal conditions Favors orphenadrine for pain, stiffne

(�paracetamol Fair 32
in both arms)

Orphenadrine Valtonen 1975132 Low back or neck pain No significant difference using 3-poi
Fair 200

Baclofen Dapas 1985140 Acute back syndrome Baclofen superior for lumbar pain, t
Fair 200 unspecifie methods (P � 0.05).

Dantrolene Casale 1988142 Chronic low back syndrome Dantrolene superior for muscle spas
Fair 20 and pain behavior using visual ana

Dantrolene Salvini 198612 Neck or low back syndromes Dantrolene superior for muscle cont
(� ibuprofen Fair 60 5-point scale (P � 0.05), no differ
in both arms)

Tizanidine Berry 1988a137 Acute low back syndrome Cyclobenzaprine superior for pain o
Poor 105 (P � 0.025) using 4-point scales, n

movement using 4-point scales.
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did not account for the other patients.102 A
variety of methods was used for measuring out-
comes, including various scales for pain (4-, 5-,
or 9- point scales and visual analogue scales),
tenderness, and functional status. Most assess-
ment scales were unvalidated, and methods of
reporting these outcomes were inconsistent.
Functional status was either not measured or
assessed using unstandardized and unvalidated
methods. Doses of medications varied between
trials.

There was no clear evidence from head-to-
head trials that one skeletal muscle relaxant was
superior to any other. Three trials evaluated
one included skeletal muscle relaxant versus
another, but each evaluated a different compar-
ison. In a trial comparing tizanidine and
chlorzoxazone in patients with back pain,103

there were no significant differences between
treatments for muscle pain, muscle tension,
tenderness, and activity. More patients reported
‘excellent’ overall results with tizanidine (57%)
compared to chlorzoxazone (23%), but similar
proportions of patients reported ‘good or excel-
lent’ results (79% vs. 69%). A trial of cycloben-
zaprine versus methocarbamol in patients with
localized muscle spasm found that there were
no significant differences in the proportion of
patients reporting absent or mild muscle spasm,
limitation of motion, or limitation of daily activi-
ties.18 In a trial of cyclobenzaprine versus car-
isoprodol in patients with acute back pain and
spasms,104 there were no significant differences
for pain, muscle stiffness, activity impairment,
sleep impairment, tension, or relief scores com-
pared to baseline.

Eight other head-to-head trials compared an
included skeletal muscle relaxant to diazepam.
Of these, the trial that appeared to be of best
quality compared carisoprodol and diaze-
pam.105 This trial was still rated fair quality
because the authors did not describe allocation
concealment techniques and used unvalidated
methods for assessing outcomes. Carisoprodol
was significantly superior to diazepam for stiff-
ness, tension, and relief, with average differ-
ences about 0.5 on a 1–5 scale.105 No significant
differences were seen for pain, activity impair-
ment, or sleep impairment.

Of five trials101,102,106,107 comparing cycloben-
zaprine to diazepam, two106,107 found signifi-
cant differences (using unvalidated measures)
for most measurements of pain, muscle spasm,
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functional status, and ‘global evaluations’ that
favored cyclobenzaprine. One other trial106 re-
ported decreased tenderness, decreased limita-
tion of motion and better ‘global evaluation’
for cyclobenzaprine versus diazepam, but not
for other measures (muscle spasm, pain, func-
tional ability). All three of these trials had some
support from a manufacturer (Merck Sharp &
Dohme, West Point, Pennsylvania, USA) and
were published in the same book. For most
outcomes that favored cyclobenzaprine, the
magnitude of difference between treatments
was greater at the end of Week 1 than at the
end of Week 2. Two other trials comparing
cyclobenzaprine to diazepam101,102 and two
trials108,109 comparing tizanidine to diazepam
found no significant differences for any clinical
outcomes including pain, stiffness, or func-
tional ability.

The trial101 focusing on patients with chronic
back or neck symptoms reported results similar
to the other trials. The overall withdrawal rates
in all head-to-head trials ranged from 0% to
35%. In one trial,106 the overall withdrawal rate
appeared significantly higher on cyclobenza-
prine (12/34 [35%]) compared to diazepam
(3/32 [9%]), but there was no significant differ-
ence in the withdrawal rate between interven-
tions in other trials.

We identified no head-to-head trials of orphe-
nadrine, metaxalone, dantrolene, or baclofen
in patients with musculoskeletal conditions.

Placebo-Controlled Trials. In addition to six
head-to-head trials (from five publications)18,

101,102,106,107 with a placebo arm, we identified
anadditional35placebo-controlled trials(Table
5). Three trials evaluated a skeletal muscle relax-
ant with an equivalent analgesic in each arm.110–112

Most trialsevaluatedlowbackornecksyndromes
alone or mixed with other musculoskeletal con-
ditions. Other conditions evaluated were fibro-
myalgia,113–115 tension headaches or mixed
headache conditions,116–119 and nocturnal leg
cramps.120 No trial included children.

In general, placebo-controlled trials were not
helpful in assessing comparative efficacy. None
of the placebo-controlled trials involving pa-
tients with musculoskeletal conditions was rated
good quality (Table 5 and Evidence Table 6).
The comparative efficacy of each skeletal
muscle relaxant was also difficult to assess be-
cause of marked heterogeneity in study design,
interventions, populations studied, and out-
comes assessed.

Carisoprodol (four trials121–124), cyclobenza-
prine (18 trials reported in 17 publications18,

101,102,106,107,110,113–115,117,125–131 including five head-
to-head trials with a placebo arm), orphena-
drine (four trials21,111,120,132), metaxalone (four
trials in three publications133–135), and tizani-
dine (six trials116,118,119,136–139) were evaluated
in the highest number of trials. A smaller
number of trials evaluated baclofen (1 trial140),
methocarbamol (2 trials18,141), and dantrolene
(2 trials112,142). Although most of these trials
found significant benefits or trends towards
benefit on active treatment compared to pla-
cebo, cyclobenzaprine has been evaluated and
consistently found effective in substantially
more trials than the other skeletal muscle relax-
ants. The data on metaxalone, on the other
hand, was mixed. The best fair-quality trial
found no differences compared to placebo,135

but a poor-quality trial133 and two lesser fair-
quality trials134 reported some benefits com-
pared to placebo using unvalidated outcome
measures. We identified no placebo-controlled
trials evaluating chlorzoxazone.

Comparative Safety: Spasticity

Systematic Reviews and Meta-Analyses. We identi-
fied no systematic reviews that evaluated com-
parative adverse event rates from skeletal
muscle relaxants in patients with spasticity. One
meta-analysis of three placebo-controlled trials
was rated poor quality for adverse event
assessment because no information about ad-
verse event assessment methods was reported
(Table 1).45 Adverse events included 49% dry
mouth, 48% somnolence, 41% asthenia, 16%
dizziness, and 12% headache in patients on ti-
zanidine compared to 10%, 10%, 16%, 4%, and
13% on placebo. Two patients had liver func-
tion abnormalities and three had hallucina-
tions. No deaths were reported. Abuse or
addiction was not evaluated. Withdrawal rates
due to adverse events were 17% for tizanidine
and 7% for placebo.

Head-to-Head Trials. No head-to-head trial was
rated good quality for adverse event assessment.
In general, there was little evidence of rigorous
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pasticity

iness or Withdrawals Due
Stud eadedness Dry Mouth to Adverse Events

Tiza
Bas orted 23% 9% (4/46)

orted 14% 26% (12/46)
Eyse orted 28% 6% (3/49)

orted Infrequent (data 6% (3/49)
not reported)

Hoo 14% 36% 11% (1/9)
14% 14% 14% (1/7)

Med 0% 7% 0% (0/15)
7% 0% 20% (3/15)

New 8% 0% 6% (2/36)
15% 4% 17% (6/36)

Rin % severe) 50% 6% (1/16)
3% severe) 27% 6% (1/16)

Smo eported 9% 0% (0/11)
eported 10% 0% (0/10)

Stie orted Not reported 6% (1/18)
separately

orted Not reported 4% (1/20)
separately

Tiza
Bes eported 11% 12% (6/51)

eported 3% 28% (15/54)
Rin 7% 33% 0% (0/15)

13% 0% 27% (4/15)
Car 3% 3% 30% (11/37)

0% 0% 38% (14/37)
Fro 6% Not reported 6% (1/16)

6% Not reported 0% (0/16)
Rou orted Not reported 0% (0/13)

orted Not reported 0% (0/13)
Gla orted Not reported 19% (3/16)

orted Not reported 6% (1/16)
Nog orted Not reported None reported

orted Not reported None reported
Sch 19% Not reported Not clear

19% Not reported Not clear
Table 6
Adverse Events, Head-to-Head Trials of Skeletal Muscle Relaxants for S

Dizz
y Interventions Somnolence or Fatigue Weakness Lighth

nidine versus Baclofen
s 198860 Tizanidine mean 17 mg/day 29% 21% Not rep

Baclofen mean 35 mg/day 19% 35% Not rep
tte 198858 Tizanidine 24 mg/day 30% Infrequent (data Not rep

not reported)
Baclofen 60 mg/day 20% 20% Not rep

gstraten 198857 Tizanidine 12-24 mg/day 57% 33%
Baclofen 15-60 mg/day 29% 57%

ici 198951 Tizanidine mean 20 mg/day 33% 0%
Baclofen mean 50 mg/day 29% 7%

man 198259 Tizanidine titrated to 16 mg/day 15% 8%
Baclofen titrated to 40 mg/day 19% 15%

ne 1980 (2)53 Tizanidine mean 11 mg/day 62% (6% severe) 19% (0% severe) 25% (0
Baclofen mean 51 mg/day 80% (20% severe) 38% (40% severe) 60% (1

lenski 198156 Tizanidine 24 mg/day 45% 18% None r
Baclofen 60 mg/day 0% 30% None r

n 198736 Tizanidine mean 23/day 33% (also includes Not reported Not rep
weakness and dry separately
mouth)

Baclofen mean 59 mg/day 25% (also includes Not reported Not rep
weakness and dry separately
mouth)

nidine, Baclofen, or Dantrolene versus Diazepam
198849 Tizanidine mean 17 mg/day 44% 2% None r

Diazepam mean 20 mg/day 44% 18% None r
ne 1980 (1)53 Tizanidine mean 14 mg/day 53% (0% severe) 13% (8% severe)

Diazepam mean 15 mg/day 87% (47% severe) 53% (27% severe)
tlidge 197463 Baclofen 30 mg/day and 60 mg/day 14% 11%

Diazepam 15 mg/day and 30 mg/day 11% 16%
m 197561 Baclofen mean 61 mg/day 31% 19%

Diazepam mean 21 mg/day 69% 12%
ssan 198552 Baclofen mean 47 mg/day 8% Not reported Not rep

Diazepam mean 28 mg/day 38% Not reported Not rep
ss 197454 Dantrolene 100 mg qid Not reported Not reported Not rep

Diazepam 5 mg qid Not reported Not reported Not rep
en 197648 Dantrolene titrated to 75 mg qid Not clear Not reported Not rep

Diazepam titrated to 12 mg/day Not clear Not reported Not rep
midt 197662 Dantrolene 75 mg qid 31% 67%

Diazepam 5 mg qid 67% 76%
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adverse event assessment in these trials (Evi-
dence Table 3). No trial appeared to have signif-
icantly better adverse event reporting methods
than the others. The most frequently reported
adverse event rates were for somnolence, weak-
ness, dizziness, and dry mouth. For the same
medication, adverse event rates varied between
trials (Table 6). For example, rates of somno-
lence from baclofen in head-to-head trials of
baclofen and tizanidine ranged from 0%56 to
80%,53 and weakness ranged from 7%51 to
57%.57 The observed ranges of adverse event
rates could reflect differences in populations,
dosing of medications in trials, use of a run-in
period, the rigor of adverse event assessment,
or other factors. No deaths or serious adverse
events were reported in these trials. Rates of
abuse and addiction were not evaluated.

For each skeletal muscle relaxant evaluated
in head-to-head trials, rates across trials for
common adverse events overlapped with rates
found for other skeletal muscle relaxants
(Table 6). In individual head-to-head trials of
tizanidine and baclofen, however, several pat-
terns emerged. In these eight trials, dry mouth
was reported more frequently on tizanidine in
five studies (roughly equivalent or not reported
in the other three), but weakness was re-
ported more frequently on baclofen in all seven
studies in which it was reported. No consistent
patterns were seen for somnolence or dizziness.
Withdrawal rates due to adverse events, an indi-
cator of intolerable adverse events, were higher
on baclofen than tizanidine (12/46 [26%] vs.
4/46 [9%]) in only one trial with significant
numbers of withdrawals. Other trials had very
low numbers of withdrawals due to adverse
events or found no differences.

It was not possible to use trials comparing
baclofen, dantrolene, or tizanidine with diaze-
pam to assess comparative adverse event rates
between these three medications. Adverse
events data were not reported or poorly
reported in three trials.48, 52, 54 In the remaining
trials, no clear pattern of differential adverse
events was apparent for any skeletal muscle
relaxant. Withdrawals due to adverse events fa-
vored tizanidine over diazepam in one trial49

(28% [15/54] vs. 12% [6/51]), but in other
trials withdrawal rates were equivalent, not re-
ported, or very few in number. The small
number (two or three) of trials for each skele-
tal muscle relaxant, the wide ranges for ad-
verse events (somnolence 11–67%, weakness
12–53%) on diazepam (the common compara-
tor) in different trials, and the limited quality
of adverse event assessment limit further inter-
pretation of these data.

Placebo-Controlled Trials. Most placebo-con-
trolled trials showed little evidence of rigorous
adverse event assessment. Abuse or addiction
was not evaluated. Three trials appeared to have
more rigorous adverse event assessment95–97

and were rated good quality. All three of these
trials evaluated tizanidine. Rates of somno-
lence (41–54%) were similar in these trials but
rates for other adverse events (dry mouth, dizzi-
ness, weakness, and withdrawal due to adverse
events) ranged widely or were not consistently
reported (Table 7). In one of the good-quality
trials,95 3 patients (18%) developed elevations
of transaminases (highest alanine transaminase
90) that were not thought to be clinically
significant.

In general, placebo-controlled trials gave
little additional information to compare ad-
verse events of skeletal muscle relaxants in pa-
tients with spasticity. For each evaluated
medication, adverse event rates overlapped for
different skeletal muscle relaxants and had wide
ranges across trials. We were unable to define
narrower ranges for adverse events by stratifying
trials according to dose because most trials ti-
trated the medication, and it was not clear on
which dose adverse events occurred. With-
drawal rates due to adverse events and rates of
weakness were not consistently reported.

Observational Studies. We identified two obser-
vational studies assessing rates of hepatic com-
plications in patients on dantrolene.35, 143 One
study35 published in 1990 collected all cases of
dantrolene-associated hepatic injury that were
reported to the manufacturer, regulatory au-
thorities, or in the published literature, using
pre-specified inclusion criteria. It found 122
cases of dantrolene-associated hepatic injury,
with 27 fatalities. Fifty-two percent (14/27) of
the fatalities occurred in multiple sclerosis pa-
tients. Fatalities were associated with a higher
mean dantrolene dose (582 mg/dL) than non-
fatal cases (263 mg/dL). The risk of hepatic
complications was estimated to be less than
9.0 cases per 100,000 prescriptions written for
dantrolene, and fatal hepatic reactions 0.83
cases per 100,000 prescriptions. An earlier study
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or Spasticity

Withdrawals Due Any Adverse
Int Dry Mouth to Adverse Events Events

Ba 0% 0% None reported
Ba Not reported 12% Not reported
Ba Not reported Not reported by Not reported

intervention
Ba 12% 0% 60%
Ba 22% 0% Not reported
Ba Not reported Not reported Not reported
Ba Not reported 56% 78%
Ba None reported None reported Not reported
Ba None reported 0% 40%

Ba None reported None reported 50%
Ba Not reported 0% 25%

6
Ba None reported None reported 64%
Ba Not reported Not reported Not reported

(36% overall)
Ba 5% Not clear 71%
Da Not reported Not reported by Not reported

intervention group
Da Not reported 0% Not reported
Da Not reported None reported 57%
Da Not reported 9% 54%
Da Not reported None reported Not reported
Da Not reported 0% Not reported
Da Not reported 9% 91%
Da Not reported Not reported by Not reported

intervention group
Da Not reported 25% 75%
Da Not reported Not reported by 100%

intervention group
Da Not clear Not clear (27% Not reported

withdrawals over-
all)

Da Not reported None reported Not reported
Da Not clear Not reported Not reported
Da Not clear 17% Not reported

8

(continued)
Table 7
Adverse Events, Placebo-Controlled Trials of Skeletal Muscle Relaxants f

Dizziness or
ervention Study and Year Somnolence or Fatigue Lightheadedness

clofen 5 mg tid Basmajian 197464 0% 0%
clofen unclear dose Basmajian 197565 Not reported Not reported
clofen 5–20 mg/day Brar 199166 Not reported Not reported

clofen 5 mg tid to 100 mg/day Duncan 197666 12% 24%
clofen 15–80 mg/day Feldman 197868 17% Not reported
clofen 40–80 mg/day Hinderer 199069 Not reported Not reported
clofen 10 mg tid Hulme 198570 78% Not reported
clofen 15–60 mg/day Jones 197071 Not clear None reported
clofen 0.5 mg/kg/day titrated to McKinlay 198072 60% Not clear

maximum 60 mg/day
clofen 30 mg/day Medaer 199173 5% 30%
clofen 10 mg/day titrated up to Milla 197774 20% None reported
0 mg/day

clofen 5 mg tid titrated to 15 mg tid Orsnes 200075 36% 21%
clofen 5 mg tid titrated to 80 mg/day Sachais 197776 71% 22%

clofen 5 mg tid titrated to 60 mg/day Sawa 197977 29% 10%
ntrolene unclear dose Basmajian 197378 ‘Almost all’ ‘Several’

ntrolene 25–100 mg qid Chyatte 197379 Not reported Not reported
ntrolene 1–3 mg/kg qid Denhoff 197580 Not reported Not reported
ntrolene 25 mg bid to 350 mg/day Gambi 198381 29% Not reported
ntrolene 50–800 mg/day Gelenberg 197382 15% 55%
ntrolene 4–12 mg/kg/day Haslam 197483 Not reported Not reported
ntrolene 4–12 mg/kg/day Joynt 198084 Not reported Not reported
ntrolene 25 mg bid to 50 mg qid Katrak 199285 70% Not reported

ntrolene mean 165 mg/day Ketel 198486 Not reported Not reported
ntrolene 75 mg tid to 400 mg qid Luisto 198287 88% 24%

ntrolene 50–100 mg qid Monster 197488 Not clear Not clear

ntrolene 6–8 mg/kg/day Nogen 197989 82% Not reported
ntrolene titrated to maximum 200 mg qid Sheplan 197590 Not clear Not clear
ntrolene 100 mg/day titrated to Tolosa 197591 Not clear Not clear
00 mg/day
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(1977), which included results from placebo-
controlled trials as well as spontaneously re-
ported cases, estimated rates of 1.8% (16/1044)
for any hepatic injury and 0.3% (3/1044) for
a fatal outcome.143 Differences between the two
studies may be related in part to higher doses
of dantrolene in earlier studies, increasingly se-
lective use of dantrolene, or different methods
used to find cases.

Tizanidine has been associated with hepatic
aminotransaminase elevations that are usually
asymptomatic and reversible with discontinua-
tion of the medication. Postmarketing surveil-
lance data submitted to the FDA indicate that
tizanidine is associated with elevations of
aminotransaminases greater than three times
the upper limit of normal in 5% of patients,
compared to 0.4% in placebo.144 Of three
deaths associated with liver failure in patients
treated with tizanidine, one case was thought
probably related to tizanidine and the other
two occurred in patients on other hepatotoxic
agents. We found one other case report that
reported a case of symptomatic jaundice associ-
ated with tizanidine that resolved after drug
discontinuation.145

We identified no other large, good-quality
observational trials on adverse events from skel-
etal muscle relaxants in patients with spasticity.
Although other serious adverse events (serious
withdrawal symptoms,146–150 overdose,151–153

and seizure154) have been reported in case re-
ports and series, rates cannot be estimated from
these reports.

Comparative Safety: Musculoskeletal Conditions

Systematic Reviews and Meta-Analyses. No sys-
tematic review or meta-analysis compared ad-
verse events between different skeletal muscle
relaxants in patients with musculoskeletal con-
ditions. Adverse events from cyclobenzaprine
have been evaluated in one systematic review
and one meta-analysis (not systematic) (Evi-
dence Table 2). Neither study rated the quality
of included trials for adverse event assessment.
The systematic review42 evaluated rates of ad-
verse events for cyclobenzaprine versus placebo
(Table 1). As expected, it found significantly
increased rates of drowsiness, dry mouth, dizzi-
ness, and any adverse event in patients on cyclo-
benzaprine versus placebo. Withdrawals due
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to adverse events were not reported. The meta-
analysis reported comparative rates of adverse
events for cyclobenzaprine versus diazepam.47

Rates of drowsiness (38%) and dry mouth
(24%) were higher for cyclobenzaprine com-
pared to diazepam (33% and 8%). Dizziness
was reported more frequently in patients on
diazepam (17%) compared to cyclobenzaprine
(10%). Other adverse events and withdrawals
due to adverse events were not reported.

Head-to-Head Trials. There was very limited
data from head-to-head trials to assess compara-
tive safety of skeletal muscle relaxants in patients
with musculoskeletal conditions (Table 8). Of
11 head-to-head trials, three trials reported
almost no adverse event information.102, 103, 109

Of the remainder, quality of adverse event as-
sessment was generally poor. Reliable conclu-
sions about the comparative adverse event rates
could not be drawn from these trials. In all
head-to-head trials, withdrawals due to adverse
events were roughly equal or none were
reported. Abuse and addiction were not evalu-
ated, and no deaths were reported.

In the head-to-head trial of cyclobenzaprine
versus methocarbamol, cyclobenzaprine was as-
sociated with more somnolence (58% vs. 31%),
but the rate of withdrawals due to adverse events
was equivalent (7% vs. 6%).18 In the head-to-
head trial of cyclobenzaprine and carisoprodol,
dry mouth was more frequent with cyclobenza-
prine (38% vs. 10%) and dizziness less frequent
(8% vs. 26%).104

The five head-to-head trials with adverse event
data comparing cyclobenzaprine, carisoprodol,
or tizanidine to diazepam are difficult to inter-
pret because the rate of adverse events for diaze-
pam varied greatly between trials. Rates of
somnolence on diazepam, for example, were
13%,101 30%,105 and 50%,108 while respective
rates for dizziness were 12%, 8%, and 50%
despite similar doses of diazepam.

Placebo-Controlled Trials. There was no pattern
from placebo-controlled trials to suggest that
any one muscle relaxant was superior to others
for adverse events (Table 9). Quality of adverse
event assessment was generally poor. Abuse and
addiction were not evaluated. No deaths
thought related to medication were reported,
and serious adverse events were rare.
Adverse events were not reported consistently
in these trials, and doses of medications and
titration methods differed markedly between
studies. For example, for baclofen, doses
ranged from 5 mg tid up to 80 mg daily, with
various methods for titrating doses. Wide and
overlapping ranges for all commonly reported
adverse events (somnolence, dizziness, dry
mouth, withdrawals due to adverse events) were
seen for carisoprodol, cyclobenzaprine, and ti-
zanidine. There were extremely limited adverse
events data for orphenadrine (2 trials120, 132 re-
ported almostno adverseeventsandtwo21,111 did
not report adverse event data), metaxalone, (no
adverseevent data from3trials134,135 andunclear
adverse event rates from 1 other133) baclofen
(only 1 trial140), methocarbamol (poor quality
and very limited adverse event data from one
placebo-controlled trial141) or dantrolene (nei-
ther of 2 trials112,142 reported adverse events).

Observational Studies. We found no observa-
tional studies evaluating abuse risk of carisopro-
dol or other skeletal muscle relaxants using
validated measures, though one study used an
unvalidated questionnaire to estimate abuse
“risk.”19 Reports of abuse and addiction are from
case reports and series.155 A French study
from 1997 noted that meprobamate (a metabo-
lite of carisoprodol) was the most frequently
cited drug in fatal pharmaceutical overdoses
(19 cases, or 15.3%), but we were unable to
find similar data on meprobamate or carisop-
rodol in the U.S.156

We identified one large, fair-quality observa-
tional study evaluating safety of cyclobenzaprine
in 6311 patients.157 This study enrolled about
2,000 physicians and asked each to report any
adverse events in five patients with musculoskel-
etal conditions. Rates of somnolence (16%), dry
mouth (7%), dizziness (3%), and other adverse
events were about 50% lower than in clinical
trials and might not be reliable for estimating
true adverse events rates.

We identified one observational study of hep-
atotoxicity associated with chlorzoxazone.158

The authors of this study reported on one case
of reversible hepatotoxicity associated with
chlorzoxazone, and also found 23 additional
cases of hepatotoxicity reported to the FDA
since 1970. Eight cases (two fatal) were judged
to be probably related to chlorzoxazone, while
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Dizziness or Withdrawals Due
Study Lightheadedness to Adverse Events Any Adverse Event

Head-to-head T
Bragstad 1979 Not reported None reported 0%

Not reported None reported 15%
Preston, 1984 Included in somnolence 7% (6/87) 42%

Included in somnolence 6% (6/94) 31%
Rollings, 1983 8% 8% (3/37) 65%

26% 8% (3/39) 62%
Head-to-Head T
Boyles, 198310 12% 2% (1/40) 22%

8% 5% (2/40) 35%
Aiken, 1978a1 18% 3% (1/38) 76%

21% 0% (0/40) 72%
Basmajian, 19 Not reported None reported Not reported

Not reported None reported Not reported
Brown, 197810 25% None reported Not reported

12% None reported Not reported
Scheiner, 197 9% None reported 32%

28% None reported 28%
Scheiner, 197 17% None reported 50%

52% None reported 67%
Fryda-Kaurim 10% None reported 20%

50% None reported 50%
Hennies, 1981 d None reported 7% (1/15) 7%

d None reported 0% (0/15) None reported
Table 8
Adverse Events, Head-to-Head Trials of Skeletal Muscle Re

Interventions Somnolence Dry Mouth

rials of Included Skeletal Muscle Relaxants
103 Tizanidine 2 mg tid Not reported Not reported

Chlorzoxazone 500 tid Not reported Not reported
18 Cyclobenzaprine 10 mg tid 58% 9%

Methocarbamol 1500 qid 31% 1%
104 Cyclobenzaprine 10 mg qid 40% 38%

Carisoprodol 350 mg qid 41% 10%
rials of Included Skeletal Muscle Relaxants versus Diazepam

5 Carisoprodol 350 mg qid 12% Not reported
Diazepam 5 mg qid 30% Not reported

07 Cyclobenzaprine 10-20 mg tid 66% 5%
Diazepam 5-10 mg tid 68% 3%

78102 Cyclobenzaprine 10-20 mg tid Not reported Not reported
Diazepam 5 mg tid Not reported Not reported

1 Cyclobenzaprine 10 mg tid 44% 50%
Diazepam 5 mg tid 13% 13%

8 (1)106 Cyclobenzaprine 30-40 mg/day 24% 29%
Diazepam 15-20 mg/day 28% 6%

8 (2)106 Cyclobenzaprine 30-40 mg/day 83% 46%
Diazepam 15-20 mg/day 67% 14%

sky, 1981108 Tizanidine 4-8 mg tid 10% 10%
Diazepam 5-10 mg tid 50% 10%

109 Tizanidine 4 mg tid None reported None reporte
Diazepam 5 mg tid None reported None reporte
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Withdrawals Due Any Adverse
to Adverse Events Event

Not reported Not reported
3% Not reported

None reported Not reported
1% Not reported
4% 96%
0% 43%

None reported Not reported
8% 89%

0% Not reported
None reported 42%
None reported 20%

14% 98%

0% Not reported
4% Not reported

0% Not reported
None reported 54%

9% 14%
None reported Not clear
Not reported Not reported
Not reported Not reported

3% Not clear

None reported 25%
None reported 3%

7% Not reported

Not reported Not reported
17% 68%

None reported Not reported
0% 3%

Not reported Not reported
by intervention

8% 41%
5% Not reported

Not reported 33%
Not reported 11% (tolerated ‘poorly’)

by intervention
13% Not reported

0% Not reported
Table 9
Adverse Events, Placebo-Controlled Trials of Skeletal Muscle Relaxants for Musculosk

Somnolence or Dizziness or
Intervention Trials Fatigue Lightheadedness Dry Mouth

Carisoprodol 350 mg qid Baratta 1976121 Not reported Not reported Not reported
Carisoprodol 350 mg qid Cullen 1976122 12% 19% Not reported
Carisoprodol 350 mg tid Hindle 1972123 Not reported Not reported Not reported
Carisoprodol 400 mg qid Soyka 1979124 8% 18% 0%
Cyclobenzaprine 10–20 mg tid Aiken 1978b125 84% 36% 4%
Cyclobenzaprine 10 mg tid Baratta 1982126 31% 36% 10%
Cyclobenzaprine 10 mg bid Basmajian 1989127 Not reported Not reported Not reported
Cyclobenzaprine 10 mg qpm Bennett 1988114 55% 11% 92%

titrated to 40 mg/day
Cyclobenzaprine 20–40 mg/day Bercel 1977128 33% 11% 4%
Cyclobenzaprine 10 mg tid Bianchi 1978129 29% 4% 8%
Cyclobenzaprine 10 mg tid Borenstein 1990110 0% 5% Not reported

(�naprosyn in both arms)
Cyclobenzaprine 10 mg qD Carette 1994115 4% 6% None reported

titrated to 30 mg qD
Cyclobenzaprine 30–60 mg/day Lance 1972117 20% 5% 16%
Cyclobenzaprine 10 mg qhs titrated Quimby 1989130 Not reported Not reported 68%

to 30 mg qhs � 10 mg qam
Cyclobenzaprine 10 mg tid Reynolds 1991113 Not reported Not reported Not reported
Cyclobenzaprine 30 mg/day Steingard 1980131 24% 5% 12%
Metaxalone 400 or 800 mg qid Dent 1975a133 4% 3% Not reported
Metaxalone 800 mg qid Diamond 1966135 Not reported Not reported Not reported
Metaxalone 800 mg qid Fathie 1964 (1)134 Not reported Not reported Not reported
Metaxalone 800 mg qid Fathie 1964 (2)134 Not reported Not reported Not reported
Methocarbamol 2000 mg qid initially, Tisdale 1975141 Not reported 11% Not reported

then 1000–1500 mg qid
Orphenadrine 100 mg bid Gold 197821 Not clear Not clear Not clear
Orphenadrine 100 mg qhs Latta 1989120 0% 0% 0%
Orphenadrine dose unclear McGuinness 1983111 Not reported Not reported Not reported

(�paracetamol in both arms)
Orphenadrine 100 mg bid Valtonen 1975132 5% 4% 0%
Baclofen 30–80 mg/day Dapas 1985140 49% 28% 5%
Dantrolene 25 mg/day Casale 1988142 Not reported Not reported Not reported
Dantrolene 25 mg/day Salvini 1986112 None reported None reported None reported

(� ibuprofen in both arms)
Tizanidine 4 mg tid Berry 1988 (1)137 22% 6% 6%

(�ibuprofen both arms)
Tizanidine 4 mg tid Berry 1988 (2)136 22% Not reported Not reported
Tizanidine 6–18 mg/day Fogelholm 1992116 ‘Frequent’ ‘Frequent’ Not reported
Tizanidine 2 mg/day Lepisto 1979138 33% 0% 0%
Tizanidine 6–12 mg/day Murros 2000118 17% Not reported 22%

Tizanidine mean 18 mg/day Saper 2002119 46% 24% 22%
Tizanidine 2 mg bid Sirdalud Ternelin 12% 3% None reported

(�diclofenac in both arms) Asia-Pacific
Study Group
1988139

aUnclear sample size, based on intervention sample of 90 patients.
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the rest were possibly or doubtfully related.
Most cases were mild and resolved after discon-
tinuation of the medication, but a few were
associated with very high elevations of serum
transaminases, severe hepatitis, or permanent
liver damage. We found no data estimating rates
of serious hepatotoxicity in patients treated
with chlorzoxazone.

The hepatotoxic potential of tizanidine, a
medication used for both spasticity and muscu-
loskeletal conditions, was previously discussed.
We identified no other large- or good-quality
observational studies of comparative adverse
event rates for skeletal muscle relaxants.

Subpopulations
No clinical trials or observational studies were

designed to compare the efficacy of skeletal
muscle relaxants for different races, age groups,
or genders. There is almost no information to
judge the relative effectiveness or safety of skele-
tal muscle relaxants in these subpopulations.
Race was rarely reported in the trials. When
it was reported, the overwhelming majority of
patients were white. Women, older patients, and
children were all included in some studies, but
the effect of gender or age on comparative effi-
cacy was not evaluated in any study or group
of studies.

Most trials were in adult patients with multi-
ple sclerosis or acute neck and low back pain.
Small numbers of trials, lack of high-quality
studies, and heterogeneous designs and meth-
ods severely limit our ability to systematically
evaluate skeletal muscle relaxants for other pa-
tient populations and underlying conditions.

No study has assessed the comparative risk
of abuse and addiction from skeletal muscle
relaxants in patients with a prior history of sub-
stance abuse. In trials that specified exclusion
criteria, patients with prior or suspected sub-
stance abuse were usually excluded.

Patients with renal and hepatic disease have
typically been excluded from clinical trials. In
case reports, baclofen toxicity has been seen
in patients with impaired renal function.151 We
found no trials involving patients with chronic
liver disease. In one trial involving children with
spasticity and epilepsy, dantrolene did not in-
crease the frequency of seizures.89

Summary of Results
Results for each of the key questions are sum-

marized in Table 10. Only tizanidine was found
effective in a substantial number of trials for
both spasticity and musculoskeletal conditions.
Most of the head-to-head trials were performed
in patients with multiple sclerosis or patients
with acute neck or low back pain; almost all of
the evidence regarding efficacy and safety in
patients with other conditions comes from pla-
cebo-controlled trials.

In general, there was insufficient evidence to
prove that different skeletal muscle relaxants
are associated with different overall efficacy.
Dantrolene, baclofen, and tizanidine all appear
effective in patients with spasticity. The best
available evidence suggests that tizanidine is
roughly equivalent to baclofen for most clinical
outcomes in patients with spasticity. The com-
parative efficacy for other skeletal muscle relax-
ants and other conditions has not been
established. In patients with musculoskeletal
conditions, cyclobenzaprine has consistently
been found to be effective in the most clinical
trials. There is little published data demonstra-
ting the effectiveness of chlorzoxazone, metax-
alone, methocarbamol, dantrolene, or baclofen
for musculoskeletal conditions.

The data on adverse events is insufficient to
distinguish any skeletal muscle relaxant with
regard to overall safety, though the adverse
event profile may differ between medications
and some medications are associated with rare
but serious adverse events. There is a small risk of
serious (including fatal) hepatic injury associated
with dantrolene and chlorzoxazone. Tizanidine
appears to be associated with asymptomatic,
reversible elevations of aminotransferases. De-
spite concerns about the potential risk of abuse
from carisoprodol because of its metabolism to
meprobamate, the available literature provides
no data regarding the comparative risk of abuse
and addiction from skeletal muscle relaxants.

Essentially no data are available to assess com-
parative efficacy and adverse event risks in sub-
populations of patients with spasticity or
musculoskeletal conditions.

Discussion
Unlike other drug classes such as statins, an-

giotensin-converting enzyme inhibitors, or
beta-blockers, the skeletal muscle relaxants are
a heterogeneous group of medications that
are not chemically related. Because of this,
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Conclusions

ad trials and a fair-quality meta-analysis of unpub-
tly found that tizanidine and baclofen are roughly
measures of efficacy including spasms, functional

eference. Most of these trials evaluated patients with
erpretation of trials was limited by lack of good-qual-
eneity in outcomes assessed, unvalidated methods to
nd unstandardized methods of reporting results. 8
ad trials of dantrolene, tizandine, or baclofen com-
ovide some evidence that each of these medications
o diazepam, but judgments about comparative effi-
from these trials. Placebo-controlled trials were not

omparative efficacy.

d dantrolene have consistently been found to be
lacebo in fair-quality clinical trials. Other skeletal
not been adequately assessed for this condition.

ad trials and 1 fair-quality meta-analysis of unpub-
at cyclobenzaprine and diazepam are roughly equiva-
ures of efficacy including pain, spasm, and global

fair-quality trials found that cyclobenzaprine was su-
r most (2 trials) or some (1 trial) clinical outcomes.
e 3 trials is unclear because they all used unvalidated
ad the same manufacturer support, and were pub-
ok. Most of these trials evaluated patients with neck
s. For other comparisons, the best fair-quality trial
ol was superior to diazepam for several measures of
tandardized outcomes scales. Other skeletal muscle
irectly compared in only 1 fair-quality trial or have

azepam, and comparative efficacy cannot be accu-
hese data. Placebo-controlled trials were not helpful
ive efficacy.
sistently found cyclobenzaprine to be more effective
ous measures of efficacy (pain relief, muscle spasms,
patients with musculoskeletal conditions. A good-qual-
f 14 trials reported similar findings. The body of evi-

t for carisoprodol (4 trials), orphenadrine (4 trials),
ls), but these medications were also consistently
ective than placebo. There is very limited or inconsis-
he effectiveness of methocarbamol, metaxalone, dan-
e, or baclofen compared to placebo.

(continued)
Table 10
Summary of Evidence

Key Question Condition Level of Evidence

Efficacy
1. What is the comparative efficacy of different Spasticity: FAIR for tizanidine 8 fair-quality head-to-he

muscle relaxants in reducing symptoms and comparative vs. baclofen lished trials consisten
improving functional outcomes in patients efficacy FAIR for tizanidine, baclo- equivalent for various
with a chronic neurologic condition associ- fen, and dantrolene status, and patient pr
ated with spasticity, or a chronic or acute vs. multiple sclerosis. Int
musculoskeletal condition with or without diazepam ity trials and heterog
muscle spasms? POOR for dantrolene vs. measure outcomes, a

tizanidine or baclofen fair-quality head-to-he
and other skeletal pared to diazepam pr
muscle relaxants is similar in efficacy t

cacy cannot be made
helpful in assessing c

Spasticity: efficacy FAIR for tizanidine, baclo- Tizanidine, baclofen, an
vs. placebo fen, and dantrolene vs. more effective than p

placebo muscle relaxants have

Musculoskeletal FAIR for cyclobenzaprine 2 fair-quality head-to-he
conditions: vs. diazepam lished trials found th
comparative POOR for comparative lent for various meas
efficacy efficacy of other skel- response, but 3 other

etal muscle relaxants perior to diazepam fo
Interpretation of thes
outcome measures, h
lished in the same bo
or back pain or spasm
found that carisoprod
efficacy, but used uns
relaxants have been d
been compared to di
rately assessed from t
in assessing comparat

Musculoskeletal FAIR for cyclobenza- 17 fair-quality trials con
conditions: efficacy prine, carisoprodol, or- than placebo for vari
vs. placebo phenadrine, and functional status) in

tizanidine vs. placebo ity systematic review o
dence is not as robus

POOR for other skeletal and tizanidine (6 tria
muscle relaxants found to be more eff
vs. placebo tent data regarding t

trolene, chlorzoxazon
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Adverse
2. Wha d-to-head trials of tizanidine vs. baclofen reporting rates of weak-
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there may be important differences in efficacy
or safety that need to be considered in choosing
a medication to treat patients with spasticity or
musculoskeletal conditions. The current avail-
able literature provides only limited evidence
to guide the prescribing physician in choosing
an initial skeletal muscle relaxant, particularly
for patients with musculoskeletal conditions.
For these patients, clinicians might choose to
avoid medications (chlorzoxazone, methocar-
bamol, metaxalone, dantrolene, and baclofen)
for which there is very limited published evi-
dence regarding their clinical effectiveness.

A major limitation of the literature is that
clinical trials of skeletal muscle relaxants have
often used unvalidated or poorly described
methods to measure important clinical out-
comes such as spasticity, pain, or muscle
strength.41 Studies that have used the same
scale often reported results differently (for ex-
ample, mean raw scores after treatment, mean
improvement from baseline, or number of pa-
tients “improved”). All of these factors make
comparisons across trials difficult.

Even if standardized methods of reporting
outcomes were adopted, the optimal methods
to measure important clinical outcomes are not
clear. The most common standardized methods
for measuring spasticity, for example, are the
Ashworth and modified Ashworth scales. An im-
portant advantage of the Ashworth scale is that
it is a consistent way to measure spasticity or
tone across studies, and has been found to have
moderate reproducibility.159 Some experts,
however, have suggested that resistance to
passive movement may measure tone better
than it does spasticity and that the Ashworth
scale and other ‘objective’ measures of spasticity
may not correlate well with patient symptoms
or functional ability.160 The best technique may
be to perform both objective and subjective as-
sessments of spasticity, as well as for other im-
portant clinical outcomes such as pain and
weakness. Validated subjective assessment tech-
niques, however, are currently lacking. Stan-
dardized methods for measuring and reporting
important clinical outcomes would be helpful
in facilitating meaningful comparisons across
studies.

Other limitations of the literature are rela-
tively small numbers of head-to-head trials, lack
of high-quality studies, generally poor quality
of adverse event assessment, typically short du-
ration of follow-up, and heterogeneity in study
designandinterventions. Inaddition, fewstudies
have adequately evaluated functional outcomes.

Other specific areas have not been ade-
quately investigated. For example, patients who
are still ambulatory might do better with one
skeletal muscle relaxant compared to another,
because of differential risk profiles. There are
also no data to judge the comparative efficacy
or safety of skeletal muscle relaxants in patients
for whom one agent has failed or who have
had intolerable side effects. There may be other
reasons (convenience, improved compliance,
better sleep, or more consistent pain relief) for
choosing a specific skeletal muscle relaxant,
but these outcomes have not been adequately
assessed.

The lack of high-quality evidence regarding
this class of medications is concerning given
their wide use. Without better evidence regard-
ing differential efficacy or safety, payers may be
forced to rely disproportionately upon cost as
a differentiating factor in choosing between
medications in this class. We hope this report
helps to highlight remaining gaps in our under-
standing of this important class of medication
and that studies to fill these gaps will be sup-
ported and undertaken.
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