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ABSTRACT

Background

Spasticity is a common problem in multiple sclerosis (MS) patients causing pain, spasms, loss of function and difficulties in nursing care.
Avariety of oral and parenteral medications are available.

Objectives

To assess the absolute and comparative efficacy and tolerability of anti-spasticity agents in MS patients.

Search methods

We searched the Cochrane MS Group trials register (June 2003), the Cochrane Central Register of Controlled Trials (The Cochrane Library
Issue 2, 2003), MEDLINE (January 1966 to June 2003), EMBASE (January 1988 to June 2003), bibliographies of relevant articles, personal
communication, manual searches of relevant journals and information from drug companies.

Selection criteria

Double-blind, randomised controlled trials (either placebo-controlled or comparative studies) of at least seven days duration.

Data collection and analysis

Two independent reviewers extracted data and the findings of the trials were summarised. Missing data were collected by correspondence
with principal investigators. A meta-analysis was not performed due to the inadequacy of outcome measures and methodological
problems with the studies reviewed.

Main results

Twenty-six placebo-controlled studies (using baclofen, dantrolene, tizanidine, botulinum toxin, vigabatrin, prazepam, threonine and
cannabinoids) and thirteen comparative studies met the selection criteria and were included in this review. Only fifteen of these studies
used the Ashworth scale, of which only three of the eight placebo-controlled trials and none of the seven comparative studies showed
a statistically significant difference between test drugs. Spasms, other symptoms and overall impressions were only assessed using
unvalidated scores and results of functional assessments were inconclusive.

Authors' conclusions

The absolute and comparative efficacy and tolerability of anti-spasticity agents in multiple sclerosis is poorly documented and no
recommendations can be made to guide prescribing. The rationale for treating features of the upper motor neurone syndrome must be
better understood and sensitive, validated spasticity measures need to be developed.
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PLAIN LANGUAGE SUMMARY

The effect of anti-spasticity agents in people with multiple sclerosis

Multiple sclerosis (MS) is a chronic disease of the nervous system which affects young and middle-aged adults. Spasticity, a common
problem in people with MS, is a disorder of voluntary movement caused by damage to the central nervous system. The main sign is the
resistance to passive movement of a limb but other associated features - pain, spasms, loss of function - affect people's quality of life more
directly.

Many anti-spasticity drugs are available but the review of trials found that there is not enough evidence to compare their effectiveness.
More research is needed.

Anti-spasticity agents for multiple sclerosis (Review) 2
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BACKGROUND

Spasticity, defined as "a motor disorder characterised by a velocity-
dependent increase in tonic stretch reflexes (muscle tone) with
exaggerated tendon jerks, resulting from hyperexcitability of the
stretch reflex, as one component of the upper motor neuron
syndrome" (Lance 1980), is a significant problem for about 60% of
MS patients (Smith 1991). It reduces mobility, makes transfers more
difficult, is associated with painful muscular spasms and weakness,
and predisposes to the development of contractures.

Drugs such as baclofen, diazepam, dantrolene and tizanidine are
frequently used in an attempt to reduce spasticity and many others
have been reported to have some anti-spasticity effect. All of these
have different modes of action and different side-effect profiles
which can limit their usefulness. It is thus important to document
the efficacy and tolerability of these agents in order to guide
rational prescribing and suggest directions for future research into
the management of this often difficult problem.

The only widely used method available to assess the degree of
spasticity is clinical assessment using the ordinal Ashworth Scale
(Ashworth 1964; Wade 1992), which allocates a score between one
and four depending on the difficulty in passively moving the limb
of a relaxed patient. However this does not distinguish reflex- from
non-reflex mediated causes of resistance to movement (Perry 1993)
and it bears no clear relation to functional impairment (which can
clearly be affected by many other factors) or occurrence of painful
muscle spasms. In addition, function can be aided to a certain
degree by spasticity (for example, walking can be possible despite
leg weakness if spasticity maintains the anti-gravity posture). Thus
assessing the effect of spasticity on a patient (and thus the role
of anti-spasticity treatment) requires the use of several outcome
measures.

OBJECTIVES

The objective of this review was to assess the absolute and
comparative efficacy and tolerability of anti-spasticity agents in MS
patients.

METHODS

Criteria for considering studies for this review
Types of studies

Double-blind, randomised controlled trials (RCTs) of treatment
duration longer than seven days which are either placebo-
controlled or comparing two or more agents were analysed. Quasi-
randomised, unrandomised and unblinded trials were excluded.
Cross-over trials were included and the authors were contacted to
obtain information about the results of each period of the study.

Types of participants

Patients with a clinically definite diagnosis of MS (Poser 1983) at
any stage of their disease and with spasticity of any degree were
included. Patients within one month of a relapse were excluded.
Studies including patients with other diagnoses were excluded
unless individual data for the MS patients could be obtained either
from the published results or through contact with the authors.

Types of interventions

Drug therapies reviewed were: baclofen (by oral or intra-thecal
administration), diazepam, dantrolene, tizanidine, threonine,
clonidine, 3,4-diaminopyridine, cyproheptadine, progabide,
gabapentin, vigabatrin, oxcarbazepine, ketazolam, botulinum toxin
and cannabinoids. Evidence for control for other factors which
can affect spasticity (including use of other drugs (in particular
benzodiazepines, anti-psychotic agents and anti-depressants),
physiotherapy regimes, patients' mood, intercurrent and other
illness) was sought.

Types of outcome measures

(1) Ashworth Scale (assessed double-blind)

(2) Functional assessment (using the Kurtzke Expanded Disability
Status Scale (EDSS) (Kurtzke 1983)

(3) Patient-reported functional status and muscle spasm frequency
count

(4) Side-effect reports

Search methods for identification of studies
Electronic searches

(1) We searched the Cochrane Multiple Sclerosis Group trials
register (June 2003), the Cochrane Central Register of Controlled
Trials (CENTRAL) "The Cochrane Library, 2003, issue 2(Appendix 1),
MEDLINE (PubMed) (from 1966 to June 2003) (Appendix 2), using
the search strategy for randomised controlled trials of Dickersin
and Larson (Clarke 1995), specifying the search for "spasticity"
and "multiple sclerosis", and EMBASE (from 1988 to June 2003)
(Appendix 3) using a similar strategy to that outlined for MEDLINE.

Searching other resources

(2) Searching reference lists from published reviews on symptom
control in multiple sclerosis and identified RCTs.

(3) Personal communication with first authors of relevant trials or
reviews, and other multiple sclerosis experts.

(4) Contacting drug manufacturers for baclofen (Novartis),
dantrolene (Proctor and Gamble), tizanidine (Athena), gabapentin
(Parke-Davis Medical), vigabatrin (Hoechst Marion Roussel),
Botulinum toxin (Allergan & Ipsen) and any other drugs identified
in relevant RCTs.

(5) Manual searches of the following journals: Multiple Sclerosis,
Archives of Physical Medicine and Rehabilitation.

Unpublished trials were identified using strategies 3 and 4 above.

Data collection and analysis

Two independent reviewers screened titles and abstracts of papers
identified using the above strategies to identify studies which
met previously-defined inclusion criteria. Agreement was reached
by consensus, after assessment of the full text of the paper and
contacting the authors for further information where necessary.
Two reviewers then independently abstracted the patient and
study characteristics (including dose regimes, length of trial and
outcome measures used) and the outcomes (as defined above).
Final results were reached by consensus.

The methodological quality of the studies was assessed paying
particular attention to: whether patients were truly randomised
to the study groups; whether patients, the health care team and
spasticity assessors were blind to assigned therapy; whether the

Anti-spasticity agents for multiple sclerosis (Review)
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groups were truly identical in terms of stage of disease and pre-
treatment spasticity level, progress of disease during the trial (e.g.
number of relapses), other concomitant drug treatments, non-drug
treatments for spasticity (e.g. physiotherapy regimes), assessment
of spasticity and side-effects.

Analysis of outcomes was on an intention-to-treat basis. The first
task of the review was to summarise evidence for the efficacy and
tolerability of the different treatment regimens by documenting the
change in Ashworth score, EDSS score, muscle spasm frequency
count and side-effect reports in the study groups. Heterogeneity
analyses were planned, comparing the log-odds-ratios for the
Ashworth and EDSS scores calculated according to the proportional
odds model (Whitehead 1994).

An attempt to carry out a meta-analysis of the Ashworth scale
results was planned. As it is an ordinal scale, analysis of
the individual patient data using a proportional odds model
(Whitehead 1994) was thought to be more appropriate than simply
treating it as if it were a continuous scale. Sensitivity analyses
were planned to investigate the effect of methodological quality
and severity of spasticity on the trial results. Results of the
different periods of cross-over trials were included separately when
available. Heterogeneity analyses were planned to investigate the
effect of excluding all except the first treatment period of each
cross-over study.

RESULTS

Description of studies

Thirty-nine of the 169 identified studies met the inclusion criteria
(randomised, double-blind controlled trials of at least seven days
duration).

(1) Oral baclofen versus placebo

Five crossover studies (Basmajian 1974; Basmajian 1975; Feldman
1978; Sawa 1979; Brar 1991) and one parallel-group study (Sachais
1977) have been reviewed. The results of the study reported in
Basmajian 1975 included the participants previously reported in
Basmajian 1974, as the two studies used identical methodology.
Different daily doses of baclofen were used: three studies used 60 to
80 mg of baclofen, Brar 1991 used 20 mg, and Basmajian (Basmajian
1974; Basmajian 1975) titrated the dose according to effect (but the
finaldose used was not reported). Brar 1991 compared the effects of
baclofen and placebo with and without a standardised programme
of stretching exercises. Only Brar 1991 reported use of the Ashworth
score.

(2) Dantrolene versus placebo

Three crossover trials (Gelenberg 1973; Sheplan 1975; Luisto 1982)
and one parallel-group trial (Tolosa 1975) have been reviewed. No
studies report using the Ashworth score.

(3) Tizanidine versus placebo

Three parallel-group trials have been reviewed (Lapierre 1987;
Smith 1994; UKTTG 1994) using up to 36 mg tizanidine but only
two reported use of the Ashworth scale (Smith 1994; UKTTG 1994).
We have been unable to obtain further details of two unpublished
studies described in Wallace 1994.

(4) Botulinum toxin versus placebo

Three studies evaluating the use of botulinum toxin (BT) have been
identified (Snow 1990; Grazko 1995; Hyman 2000). Two (Snow 1990;
Hyman 2000) evaluated participants with thigh adductor spasticity
and one (Grazko 1995) evaluated four participants with lower limb
spasticity and one participant with upper limb spasticity. Hyman
2000 reported a dose-ranging study, comparing 500, 1000 and 1500
units of Dysport with placebo.

(5) Vigabatrin versus placebo

Two unpublished cross-over trials have been identified (Tell 1981,
Joder-Ohlenbusch '84) using 2 to 3 g daily of vigabatrin. Only Joder-
Ohlenbusch '84 used the Ashworth scale.

(6) Cannabinoids versus placebo

Killestein 2002 reported a crossover study comparing the effects
of deltad- tetrahydrocannabinol (THC), or C. sativa plant extract
(containing a similar concentration of THC) with placebo. Wade
2003 reported a four-way crossover study comparing THC with
cannabidiol (CBD), a 1:1 mixture of THC:CBD and placebo. Both
studies reported assessment of the Ashworth scale.

(7) Other drugs assessed using placebo-controlled trials

One crossover study evaluating prazepam (Levine(1) 1969), three
evaluating progabide (Mondrup 1984, Bovier 1985, Rudick 1987),
one evaluating brolitene (Perkin 1976), and one evaluating L-
threonine (Hauser 1992) have been identified. The trials of
progabide and brolitene were omitted from the review as these
drugs are not used therapeutically due to toxicity. Only Hauser 1992
reported use of the Ashworth scale.

(8) Comparison of baclofen and tizanidine

Six parallel-group studies (Chrzanowski 1981; Smolenski 1981,
Wuthrich 1981; Stien 1987; Eyssette 1988; Pellkofer 1989) and one
crossover study (Bass 1988), using baclofen doses up to 90 mg
and tizanidine up to 36 mg, have been reviewed. Pellkofer 1989
also included a group treated with tetrazepam. Only Smolenski
1981; Stien 1987 and Pellkofer 1989 reported use of the Ashworth
scale. Chrzanowski 1981 and Wuthrich 1981are reported in Wallace
1994 as using the Ashworth scale but only the change in level of
spasticity is given in the unpublished research reports. It has not
been possible to obtain further details of one unpublished study
(Wickstrom 1987).

(9) Other comparative studies

From 1975 reported a crossover study comparing baclofen (30 to
120 mg; mean 61.2 mg) and diazepam (10 to 40 mg; mean 26.8
mg). Schmidt 1975 reported a four-way crossover study comparing
high and low doses of diazepam (8 mg and 20 mg respectively)
and dantrolene (100 mg and 300 mg respectively). Basmajian 1984
and Basmajian 1986 described two crossover studies comparing
the two benzodiazepines, ketazolam and diazepam. Rinne 1980
described three comparative trials but only one restricted to MS
patients - a parallel group study comparing tizanidine (maximum 18
mg) and diazepam (22.5 mg) in 30 patients. Jellinger 1983 reported
a cross-over study comparing tizanidine with diazepam. Only From
1975 and Rinne 1980 reported use of the Ashworth score.

Risk of bias in included studies

(1) Oral baclofen versus placebo

Only Brar 1991 selected participants with clinically definite MS and
no trials reported the method of randomisation used. Sawa 1979
also included participants with chronic myelopathy, presumed to
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be MS. Most trials excluded patients with confounding conditions
but Sachais 1977 included participants whose spasticity had varied
in the month before the trial. All the crossover trials apart from
Brar 1991 included a washout period between the arms of the trial
but only Basmajian 1974; Feldman 1978 and Brar 1991 reported
attempts to standardise the spasticity assessment. Only Brar
1991 used validated outcome measures (Ashworth score, Cybex
isokinetic dynamometer (Bohannon 1987), and a questionnaire
for subjective assessment of function adapted from the Minimal
Record of Disability for MS (Haber 1985) but only results from the
30 patients who completed the study of the original 38 are reported
and in summary form only. Feldman 1978 used an unvalidated
spasm score and a resistance to passive movement score which is
similar but not identical to the Ashworth score and the results are
only tabulated for those who showed an improved score; results
were only reported for the 23 out of 33 patients who completed the
trial.

(2) Dantrolene versus placebo

No trials report the diagnostic criteria or the method of
randomisation used. Only Sheplan 1975 reports attempts to
standardise assessment conditions but no validated outcome
measures were used in any of the trials. Luisto 1982 included three
MS participants and provided some individual patient data on
request; blinding was compromised by a change in urine colour
with dantrolene.

(3) Tizanidine versus placebo

Only UKTTG 1994 reported the diagnostic criteria used and none
of the three trials described the method of randomisation. All
trials excluded participants with confounding conditions and other
medication which could affect muscle tone was withdrawn before
the trials commenced. In UKTTG 1994, blinding could have been
compromised by using the same doctor as assessor and prescriber
during the titration phase in some centres. Smith 1994 made
some attempt to standardise assessment conditions. In both Smith
1994 and UKTTG 1994 significant numbers did not complete the
full protocol (Smith 1994: 37 participants were excluded from the
analysis and 76/111 in the tizanidine group and 83/109 in the
placebo group completed the study; UKTTG 1994: 155 of the 187
recruited participants completed the study with little protocol
violation (medication compliance > 75 % and attendance at five of
eight assessments - 75/94 tizanidine and 80/93 placebo) but only
70 (29 tizanidine, 41 placebo) complied with the study protocol
completely).

In UKTTG 1994, a composite "Ashworth" score was calculated
combining results from assessments of ten muscle groups on each
side (i.e. maximum possible score for a quadriplegic participant was
80, for a hemiplegic participant was 40 and a paraplegic participant
was 32: patterns of spasticity in the two groups are not reported
although the overall level of spasticity was said to be similar in each
group). The group mean composite Ashworth score was calculated
for each group at each visit and compared to that at baseline.
Multiple statistical analyses were carried out on the many outcome
measures but not corrected for multiple comparisons. Smith 1994
reports fewer details of the assessment of the Ashworth score but
a similar method seems to have been used. Lapierre 1987 did not
use the Ashworth scale.

(4) Botulinum toxin (BT) versus placebo

In Grazko 1995, the method of randomisation is not described
and the dose of BT was determined according to muscle size. The
method of assessment of spasm scores is not described.

Hyman 2000 did not report the method of randomisation used.
Participants with fixed hips due to established contractures, those
who had suffered recent relapse and those who had recent
focal or intrathecal anti-spasticity medication were excluded.
The groups were well-matched for age, weight, duration of MS,
degree of spasticity and EDSS score, but fewer participants in the
placebo group were receiving concomitant anti-spasticity agents
or analgesics. Participants continued regular physiotherapy and
other concomitant anti-spasticity medication at a constant level
throughout the study. A total spasticity score (product of a modified
Ashworth scale and spasm frequency) was reported, which was
partially validated in Snow 1990 below.

Snow 1990 used a table of random numbers to assign the order of
treatments and used rating scales which had only been partially
validated (for inter-rater reliability, but not for intra-rater reliability
or variability over time). The muscle tone scale used was based
on but not identical with the Ashworth scale. The participants
had stable spasticity and were taking no other anti-spasticity
medication. Results are presented showing the change in rating
scales from the onset of that arm of the trial but the absolute
starting point for each arm of the trial is not reported. One of the
placebo-treated participants was withdrawn from the trial after the
first injection due to the development of a left hemi-paresis.

(5) Vigabatrin versus placebo

Neither study reported the diagnostic criteria or the method
of randomisation used. Only Joder-Ohlenbusch '84 reported
avoidance of confounding factors (other anti-spasticity medication
or physiotherapy) and neither trial reported attempts to
standardise assessment conditions. Both trials used unvalidated
spasms scores and only Joder-Ohlenbusch '84 reported use of the
Ashworth scale.

(6) Cannabinoids versus placebo

Killestein 2002 excluded participants who had had a recent relapse,
steroid or cannabinoid exposure, but did not report use of
other anti-spasticity medication or physiotherapy treatment. The
method of randomisation used was not reported, and blinding
was probably compromised as patients (but not the assessing
physicians) often guessed correctly which treatment they were
taking. Outcome measures used included the mean Ashworth
score, EDSS and visual analogue scores.

Wade 2003 included participants with intractable neurogenic
symptoms (including spasticity) unresponsive to standard
medications whose symptoms were stable, but no fixed criteria
of baseline stability were reported. Blinding is likely to have
been compromised as participants were required to use open
label cannabinoid prior to commencing the study for safety
reasons. Use of rescue medications was reported but concomitant
physiotherapy treatment was not. Participants were permitted to
titrate to the most effective dose during the first of each two week
period, but there was no washout period between the treatment
periods. Outcome measures used included the mean Ashworth
score, mean self-rated visual analogue scales (collected over days
8 to 14 of each two week period) and two-weekly investigator
numerical assessment of symptoms.

Anti-spasticity agents for multiple sclerosis (Review)
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(7) Other drugs assessed using placebo-controlled trials
Hauser 1992 selected participants with clinically definite MS who
had been stable for at least one year. Participants were excluded
if they had joint disease which would hinder assessment, required
psychotropic drugs, or had received anti-spasticity treatmentin the
previous one month or chemotherapeutic agents in the previous
six months. Randomisation was controlled by pharmacy. The
movements used to assess Ashworth score were not described and
results only reported as the group mean and Standard Error of
the Mean (SEM). Results for other parameters were only reported
qualitatively. This trial will not be assessed further.

(8) Comparison of baclofen and tizanidine

Only Bass 1988 reported the diagnostic criteria used and only
Pellkofer 1989 reported the method of randomisation used
(minimisation). Smolenski 1981 allowed participants to continue
taking regular hypnotic or psychotropic medication during the
trial but other trials withdrew confounding medication. Attempts
to standardise the assessment conditions were only reported
in Bass 1988. Chrzanowski 1981 and Wuthrich 1981 will not be
described further as details of the methods of assessment of
spasticity, spasms, clonus and function were not given, and the
final drug doses used were not reported in Chrzanowski 1981. Only
unvalidated measures of muscle strength were reported in the
included trials.

(9) Other comparisons

No trials reported the diagnostic criteria or the method of
randomisation. Only the ketazolam/diazepam comparative studies
of Basmajian 1984 and Basmajian 1986 reported attempts to
standardise examination conditions.

Effects of interventions

A meta-analysis was not attempted in view of concerns about the
validity of the Ashworth scale (Pandyan 1999), differences in the
way the Ashworth score was assessed and inability to obtain results
for the different treatment periods of crossover studies. No trials
reported use of a validated spasm score. Asummary of the findings
of the trials is presented below.

(1) Oral baclofen versus placebo

Brar 1991 reported significant improvement compared to placebo
in angle of flexion and subjective function report for participants
treated with baclofen alone or in combination with stretching
exercises, but no significant added benefit from stretching
exercises alone. Significantly more participants improved in
Ashworth score only with baclofen combined with exercises
compared with placebo.

Feldman 1978 only reported the numbers of participants who
improved on each treatment. Significantly betterimprovement was
suggested in passive range of motion, painful spasms and clonusin
participants taking baclofen.

(2) Dantrolene versus placebo
No conclusions on efficacy can be drawn as no validated outcome
measures were used.

(3) Tizanidine versus placebo

Smith 1994 reported Ashworth scores as changes from baseline
in total score for all four limbs and lower limbs only (as few
participants noted upper limb spasticity) and the percentage of
participants showing an improvement in total Ashworth score; no

significant difference was noted for the tizanidine- or placebo-
treated groups in either parameter and a large placebo response
was noted. Changes from baseline in total spasm and clonus scores
were found not to be normally distributed, and a significantly
greater effect for tizanidine was only noted after transformation
of raw scores to response ratios and the performance of non-
parametric statistics on the median values (post hoc analysis).
No significant differences between the groups were noted in
secondary end-points (including muscle power), except a better
global efficacy and tolerability score (using a 11.5 cm analogue
scale) with tizanidine. Large numbers of adverse events were
reported (61% of placebo-treated group, 91% of tizanidine-treated
group). Fourteen participants discontinued tizanidine because of
side-effects (cf. six placebo): four due to dry mouth (two in placebo
group), four due to somnolence, three due to dizziness (one
in placebo group) and one due to drug-induced hepatitis and
hallucinations.

In UKTTG 1994, no relationship was found between the initial total
muscle-tone score and dose of medication found to be optimal in
the titration phase. Mean daily dose of drugs used at the end of
the three-week titration phase (tizanidine 30.7 mg, placebo 35.0
mg) fell during the nine-week maintenance phase to 25.2 mg for
tizanidine and 33.6 mg placebo at the end of the study. Ashworth
score results were reported for all 187 randomised participants as
change from baseline in group mean total Ashworth scores for all
10 muscle groups in all limbs (tizanidine 18.5 (SD 9.4) at baseline
to 14.6 (SD 10.1) versus placebo 16.8 (SD 11.1) to 15.3 (SD 10.0),
which was reported as being statistically significant (p = 0.004)
using analysis of variance) and as percentage of participants noting
an improvement of one point or more (71% with tizanidine and
50% with placebo, reported as being statistically significant (p <
0.005)). The clinical significance of this finding cannot be evaluated
as many muscle groups were assessed. No significant difference
was noted between the tizanidine- and placebo-treated groups
in EDSS, Medical Reasearch Council power grade, spasm score,
pain score or eight metre walk time. Results for other secondary
analyses were reported as an overallimpression of change. Twenty-
nine participants discontinued tizanidine prematurely (12 due to
adverse effects of tiredness, drowsiness or dry mouth; 12 due
to inefficacy, three due to poor co-operation, one because of
an unrelated illness and one because of withdrawal effects from
previous anti-spasticity medication).

There were no statistically significant differences between
tizanidine and placebo in any of the validated assessment methods
reported by Lapierre 1987.

(4) Botulinum toxin (BT) versus placebo

In Grazko 1995 , all five participants showed a two point
improvement in Ashworth score which persisted for one to three
months, and a similar improvement in spasm scores was reported
(results not shown) after injection of the active agent. There was no
placebo effect.

In Hyman 2000, there was a statistically significant improvement
greater than placebo only in the maximum distance between the
kneesin the 1500 unit group at the primary end-point of four weeks,
but no statistically significant difference in the Ashworth scale
scores. Time to requiring re-treatment was significantly greater in
all BT groups than placebo. Improvement in total spasticity score
was similar in all groups compared to baseline. There were more
frequent reports of weakness with the botulinum toxin groups
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(especially at the 1500 unit dose), but otherwise reports of side-
effects were similar. Some difference between the groups may
have been masked by the more frequent use of concomitant anti-
spasticity medication in the BT-treated groups.

In Snow 1990, 7/9 participants treated with BT showed an
improvement in spasticity score (product of tone and spasm scores)
compared with 1/9 on placebo. One participant on BT and two
on placebo showed a deterioration in this score. Seven of nine
participants showed an improvement in hygiene scores on BT,
compared to two on placebo.

(5) Vigabatrin versus placebo

Joder-Ohlenbusch '84 reported improvement in Ashworth score in
the same number of participants with vigabatrin and placebo, but
more participants with vigabatrin improved in unvalidated spasm
score. Tell 1981 noted no significant difference between vigabatrin
and placebo in unvalidated spasticity and spasm scores.

(6) Cannabinoids versus placebo

Killestein 2002 and Wade 2003 both reported no significant
difference in mean Ashworth score in either of the two active
treatment groups compared to placebo. Killestein 2002 noted
a worsening in the brainstem functional systems score in the
plant extract group, and a worsening in the total MS functional
composite score (9 hole pegtest, 25 feet timed walk, Paced Auditory
Serial Addition Test) and participant' subjective global rating in
the delta9- tetrahydrocannabinol (THC) treated group. Wade 2003
reported a significant improvement in mean VAS scores for pain,
spasms and spasticity, and numerical rating of spasticity severity
and spasm frequency compared to placebo.

(8) Comparison of baclofen and tizanidine

Bass 1988 reported results only for the 48/66 participants who
completed both treatment arms; four were excluded due to
protocol violation, two due to relapse, 11 due to weakness
(baclofen seven, tizanidine four), and five (on baclofen) due to
nausea. Mean daily doses at the end of the treatment periods were
17.4 mg for tizanidine (range 2 to 36 mg) and 34.9 mg for baclofen
(range 5 to 80 mg). No significant difference was noted in the EDSS
or the unvalidated tone measures for either drug. Participants,
physicians and physiotherapists generally found baclofen to be
more effective than tizanidine.

Smolenski 1981, Stien 1987, Eyssette 1988 and Pellkofer 1989
detected no significant differences at the doses of baclofen and
tizanidine used in effects on spasticity, spasms or clonus. Only
Smolenski 1981 and Stien 1987 noted changes in objective muscle
power (although by unvalidated or undescribed scales) with
slightly more participants noting a deterioration with baclofen than
tizanidine. All trials noted that slightly more participants reported
weakness with baclofen than tizanidine.

(9) Other comparisons

From 1975 did not detect a significant difference between
baclofen and diazepam in any of the outcome measures, except
more sedation on diazepam (eleven versus five participants)
and global physician preference more often for baclofen (twelve
versus four comparisons). Similarly, Schmidt 1975 (detected
no difference between dantrolene and diazepam, except more
sedation on diazepam (28 versus 13 participants) and overall
participant preference was more often for dantrolene (22 versus 13
participants). The ketazolam/diazepam comparison of Basmajian

1984 and Basmajian 1986 showed no significant preference for
either drug. The tizanidine/diazepam comparison of Rinne 1980
showed no significant difference in the efficacy of the two drugs
but more weakness and drowsiness with diazepam; tizanidine was
generally preferred. Jellinger 1983 noted improvement in muscle
tone, spasms and clonus more frequently in those taking tizanidine
(assessment methods not described) and fewer participants
reported tiredness or dizziness than with diazepam.

DISCUSSION

Evaluating the absolute and comparative efficacy of drug
treatments for a clinical problem requires an understanding of
the phenomenology of the problem and the ability to measure it.
When considering the problem of spasticity it is clear that both
our understanding of the problem (its pathophysiology, clinical
manifestations and effect on the daily life of patients) and our
ability to measure it are seriously deficient. This is reflected in the
wide variety of approaches taken to assess spasticity in the trials
we have reviewed and the inconclusive objective results of the vast
majority of the trials.

Methodological quality of trials (especially in the control for
confounding factors and the choice of assessment tools which are
validated for inter- and intra-rater reliability) is clearly improving,
if one compares the baclofen trials of the 1970s with the
tizanidine trials of the 1990s. However, difficulty remains in even
demonstrating the efficacy of active drug against placebo (quite
apart from the statistical difficulty in assessing non-parametric
scales and the complexity of multiple sclerosis compared with
monophasic conditions such as stroke and spinal cord injury).
There remains a gap between published evidence and the daily
experience of those who manage spasticity. Better assessment
tools are needed to confirm the clinical impression that the widely
used anti-spasticity drugs (baclofen, dantrolene, tizanidine) are
more effective that placebo. Only then can comparative studies be
expected to evaluate the comparative efficacy of different agents.

The validity of the Ashworth scale, the only widely used assessment
tool for spasticity, has been seriously questioned (Pandyan 1999)
and we are not aware of any validated method of assessing
spasm scores. Sixteen of the studies we have summarised reported
an "Ashworth scale" (From 1975; Rinne 1980; Chrzanowski 1981;
Smolenski 1981; Wuthrich 1981; Joder-Ohlenbusch '84;Stien 1987;
Brar 1991; Hauser 1992; Smith 1994; UKTTG 1994; Grazko 1995;
Pellkofer 1989; Hyman 2000; Killestein 2002; Wade 2003) but used
different methods to assess and score the Ashworth scale results, so
a meta-analysis was not attempted. Only three (Brar 1991; UKTTG
1994; Grazko 1995) of the placebo-controlled (absolute efficacy)
trials which reported Ashworth scale results showed a statistically
significant superior effect of active drug over placebo. None of
the comparative studies were able to show a statistical difference
between the trial drugs.

The concept of weakness reported by patients with spasticity
is poorly characterised. A patient reporting weakness may be
referring to a reduction in static limb muscle power (although scant
evidence for this was present in these trials), reduction in power
of postural trunk muscles, fatigue or some other central effect.
Evidence for differences between drugs was limited to unvalidated
limb power scores and patient side-effect reports (cf. baclofen/
tizanidine comparative trials). Also, the finding that "more patients
report weakness with drug A than drug B" does not necessarily
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imply that patients on drug A will notice an increase in muscle
power if they are changed to drug B.

The decision to treat a patient with anti-spasticity medication
is made for different reasons in different patients, especially in
a disease with such varied clinical manifestations as multiple
sclerosis: the immobile patient is treated for symptomatic relief
(pain and spasms) and in order to make nursing care and
seating easier, whereas the ambulant patient is treated with
the additional aim of improving or preserving mobility. Different
manifestations of the upper motor neurone syndrome are treated
in different cases (e.g spasms, associated reactions) and it
cannot be assumed that the effect on resistance to passive
stretch can be taken as a surrogate marker for all these:
the diagnostic examination of the neurologist is not always
an adequate predictor of the functional examination of the
physiotherapist or the daily experience of the patient. The currently
available evidence does not help to answer the question of which
agents are best for treating different spasticity scenarios. The
development of more appropriate outcome measures will require
better phenomenological and neurophysiological characterisation
of these spasticity scenarios, probably by a multidisciplinary neuro-
rehabilitation team.

AUTHORS' CONCLUSIONS

Implications for practice

This systematic review has identified a large number of studies
which have attempted to assess the absolute and comparative
efficacy of various anti-spasticity agents in multiple sclerosis.
The variability of spasticity and the lack of a sensitive, reliable,
functionally- and symptomatically-relevant assessment tool for
spasticity have contributed to the inconclusive results of placebo-
controlled trials attempting to document the efficacy of anti-
spasticity agents which are in widespread use. Comparative studies
have been similarly inconclusive. No firm recommendations to
change practice can be made from this systematic review, and in
particular there is no good evidence to prefer newer over older
agents.

Implications for research

There is an urgent need for assessment tools for spasticity
and other components of the upper motor neurone syndrome
which are sensitive and well-validated. Such measures must
correspond to the daily patient experience of spasticity and be
used in comparative studies of older and newer drugs before firm
recommendations to change to newer agents can be made. Studies
of anti-spasticity medication should not be carried out without
similar studies of the non-drug management of spasticity. The
recognition that there are a variety of spasticity scenarios and
reasons for wanting to treat spasticity may assist the design of trials
which are likely to be able to answer the questions posed by the
day-to-day management of multiple sclerosis patients troubled by
spasticity.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Basmajian 1974

Methods

Crossover study

Participants

8 patients

Interventions

Baclofen (dose not reported) v. placebo

Outcomes Resistance to passive stretch, range of motion, reflexes, clonus, associated movements, muscle power
(clinically and by strain gauge), patellar reflex force, quadriceps EMG, patient self-report of spasms and
function

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Basmajian 1975

Methods

Crossover study (same methodology as Basmajian 1974)

Participants

22 MS patients (8 patients previously reported in Basmajian 1974)

Interventions

Baclofen (dose not reported) v. placebo

Outcomes Resistance to passive stretch, range of motion, reflexes, clonus, associated movements, muscle power
(clinically and by strain gauge), patellar reflex force, quadriceps EMG, patient self-report of spasms and
function

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Unclear risk B - Unclear

Anti-spasticity agents for multiple sclerosis (Review)
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Basmajian 1984

Methods Crossover studies, with four arms comparing high and low doses of drugs

Participants Total 30 patients in the two studies (Basmajian 1984 & 1986)

Interventions Ketazolam (30mg & 60mg) v. diazepam (15mg & 30mg)

Outcomes Muscle tone & power, range of motion, reflexes, clonus, associated movements, pain, spasms, subjec-

tive impression of level of function, patellar reflex force, quadriceps EMG

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate

Basmajian 1986

Methods see Basmajian1984 for combined summary

Participants

Interventions

Outcomes
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk D - Not used
Bass 1988
Methods Crossover study
Participants 66 patients
Interventions Baclofen (up to 80mg) v. tizanidine (up to 32mg)
Outcomes Muscle tone & power, EDSS score, Pedersen functional disability scale, reflexes, clonus, overall evalua-
tions of efficacy and tolerability
Notes
Risk of bias
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Bass 1988 (Continued)

Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Bovier 1985
Methods

Participants

Interventions Progabide v. placebo
Outcomes
Notes Omitted from review as drug not used therapeutically
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk D - Not used
Brar 1991
Methods Crossover study with 5 stages.
Participants 30 patients with minimal to moderate spasticity
Interventions Baclofen (20mg) or placebo, with and without an exercise programme.
Outcomes Ashworth, Cybex Il isokinetic unit, timed gait, patient questionnaire.
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Allocation concealment? Unclear risk B - Unclear

Chrzanowski 1981

Methods Parallel-group study
Participants 23 MS patients aged 24-69
Interventions Baclofen (up to 90mg) v. tizanidine (up to 36mg)
Outcomes Ashworth score, spasm & clonus score, functional assessment - no details reported for any of these as-
sessments
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Chrzanowski 1981 (continued)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Eyssette 1988

Methods Multi-centre, parallel-group study

Participants 100 patients aged 18-70

Interventions Baclofen (up to 60mg) v. tizanidine (up to 24mg)

Outcomes Locomotor function, condition in bed & chair, spasms, tonic stretch reflex, clonus, power, bladder con-
trol

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Feldman 1978

Methods Crossover study
Participants 23 patients aged 38-53 with any degree of spasticity
Interventions Baclofen (up to 80mg) v. placebo
Outcomes Daily spasm count, resistance to passive movement, clonus, Barthel score.
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
From 1975
Methods Crossover study
Participants 16 mostly non-ambulant patients
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From 1975 (Continued)

Interventions Baclofen (up to 120mg) v. diazepam (up to 40mg)
Outcomes Ashworth score, clonus, spasm score, walking ability, side-effects, physician's global assessment
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Gelenberg 1973
Methods Crossover trial
Participants 20 patients (14 ambulant)
Interventions Dantrolene (up to 800mg) v. placebo
Outcomes Resistance to passive movement, clonus, reflexes
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Grazko 1995

Methods Crossover study
Participants 5 patients
Interventions Botulinum toxin (dose estimated according to muscle size) v. placebo
Outcomes Ashworth score, spasm score
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
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Hauser 1992

Methods Crossover trial

Participants 26 ambulant patients with spasticity or spasms which affected function

Interventions Threonine (7.5g) v. placebo

Outcomes Ashworth scale, EDSS score, Ambulation Index, combined clinical assessment scale, patient scale of

three most troublesome symptoms, video gait analysis, H-reflex study

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate

Hyman 2000
Methods Multi-centre, parallel-group, dose-ranging study
Participants 74 patients with disabling thigh-adductor spasticity
Interventions Botulinum toxin (Dysport) 500, 1000 or 1500 MU v. placebo
Outcomes Joint range of movement, total spasticity score (modified Ashworth score x spasm score), pain, hy-

giene, overall clinical impression

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Jellinger 1983

Methods Cross-over study
Participants 32 MS patients aged 18-70
Interventions Tizanidine (up to 24mg, mean 14.8mg) v. diazepam (up to 30mg, mean 14.5mg)
Outcomes Kurtzke EDSS, Pedersen functional assessment scale, global impression
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
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Jellinger 1983 (Continued)

Allocation concealment? Unclear risk B - Unclear

Joder-Ohlenbusch '84

Methods Cross-over study (6 week treatment periods)

Participants 30 patients, 25 with MS (individual patient data available)
Interventions Vigabatrin 3 g daily v. placebo

Outcomes Ashworth score, unvalidated spasm score

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Killestein 2002

Methods Cross-over study (4 week treatment periods)

Participants 16 MS patients

Interventions 2.5-5mg THC v. C. sativa plant extract v. placebo

Outcomes Ashworth score, EDSS, MS Functional composite score (timed walk, 9 hole peg test, PASAT), MS Fatigue

Severity Scale, SF36, visual analogue scales

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Lapierre 1987

Methods Parallel-group trial

Participants 66 patients aged 18-60, with spasticity severe enough to affect function

Interventions Tizanidine (up to 36mg) v. placebo

Outcomes Resistance to passive stretch, muscle power, reflexes, clonus, EDSS score, ambulation index, upper ex-

tremities index, electrophysiological studies (including H-max/M-max)
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Lapierre 1987 (Continued)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Levine(1) 1969

Methods Crossover study
Participants 18 mainly non-ambulant, paraplegic patients
Interventions Prazepam (5-25mg as tolerated) v. placebo
Outcomes EMG (spontaneous muscle activity, and response to electrical stimuli and gravity)
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate
Luisto 1982
Methods
Participants Included 3 MS patients
Interventions Dantrolene (up to 400mg daily) v. placebo
Outcomes Unvalidated spasticity scale
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
Pellkofer 1989
Methods Parallel-group study lasting up to 35 days
Participants 47 MS patients with disabling lower limb spasticity
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Pellkofer 1989 (continued)

Interventions Tetrazepam v. tizanidine v. baclofen (doses optimised but not reported)

Outcomes EDSS, Ashworth scale, symptom reports, unvalidated 4-point scale of tolerability and 5-point scale of
overall therapeutic effect

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
Rinne 1980
Methods Parallel-group studies (two were excluded from the review as results for MS and non-MS patients could
not be separated)
Participants 30 patients
Interventions Tizanidine (up to 18mg) v. diazepam (up to 22.5mg)
Outcomes Ashworth score, overall tolerance
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Sachais 1977

Methods Parallel-group study

Participants 106 patients

Interventions Baclofen (60-80mg) v. placebo

Outcomes Resistance to passive movement, spasms, degree of knee jerks, subjective patient report of spasms,

clonus and function

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
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Sawa 1979

Methods

Crossover study

Participants

21 patients with lower limb spasticity

Interventions

Baclofen (up to 60mg) v. placebo

Outcomes Time taken for passively flexed knee of a supine patient to fall on to the bed, spasms & gait.
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Schmidt 1975

Methods

Crossover study, with four arms comparing low and high doses of drugs

Participants

46 mainly ambulant patients with moderate to severe spasticity which affected function but without
severe lower limb weakness

Interventions

Diazepam (8mg and 20mg) v. dantrolene (100mg and 300 mg)

Outcomes Muscle tone & power, coordination, reflexes, clonus, walking-speed, adverse effects
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
Sheplan 1975
Methods Crossover study
Participants 8 men

Interventions

Dantrolene (up to 400mg) v. placebo

Outcomes Resistance to passive movement, clonus, reflexes, stretch reflex inhibition, H-reflex response
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
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Sheplan 1975 (Continued)

Allocation concealment? Unclear risk B - Unclear
Smith 1994
Methods Multi-centre, parallel-group study
Participants 220 patients aged 18-70
Interventions Tizanidine (2-36mg) v. placebo
Outcomes Primary end-points: Ashworth score, patient diaries (muscle spasm & clonus scores). Secondary end-

points: reflexes, clonus, spasms (assessed by physician), muscle power (MRC grade), walking time, ADL,
global evaluation of efficacy

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Smolenski 1981

Methods Parallel-group trial
Participants 21 hospitalised patients aged 42-73
Interventions Baclofen (up to 80mg) v. tizanidine (up to 36mg)
Outcomes Ashworth scale, EDSS score, spasm score, muscle power, global impression, side-effects
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
Snow 1990
Methods Crossover study
Participants 10 severely-disabled patients with adductor spasticity inadequately treated on oral medication
Interventions Botulinum toxin (supplied by Smith-Kettlewell Eye Research Institute, San Francisco) 400 MU v. place-
bo
Outcomes Muscle tone, spasm frequency, hygiene score
Anti-spasticity agents for multiple sclerosis (Review) 27
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Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Stien 1987

Methods

Parallel-group trial

Participants

40 severely handicapped patients

Interventions

Baclofen (up to 90mg) v. tizanidine (up to 36 mg)

Outcomes Ashworth scale, EDSS, Pedersen rating scales, overall impression
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Tell 1981

Methods

Cross-over trial (duration of each arm 5-14 days)

Participants

10 patients, 5 with MS (individual patient data available)

Interventions

Vigabatrin 2 g daily v. placebo

Outcomes Unvalidated spasticity and spasm scores

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Tolosa 1975

Methods

Parallel-group study

Participants

23 patients (11 wheelchair-bound)
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Tolosa 1975 (Continued)

Interventions Dantrolene (up to 800mg) v. placebo
Outcomes Resistance to passive movement, reflexes, clonus
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
UKTTG 1994
Methods Multi-centre, parallel-group study
Participants 187 patients aged 18-75
Interventions Tizanidine (up to 36mg) v. placebo
Outcomes Primary outcome measure: Ashworth scale. Secondary measures: muscle power (MRC grade), EDSS

score, reflexes, clonus, spasm score, 8m walking time, scales of intermediate motor skills and upper
limb functions, ADL (Incapacity Status Scale), subjective assessments of overall effect on function, effi-
cacy and tolerability

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
Wade 2003
Methods Crossover study with 2 week blocks, without intervening washout periods
Participants 24 patients with intractable neurogenic symptoms, 18 with MS
Interventions THC v. CBD v. 1:1 mixture of THC:CBD v. placebo
Outcomes daily patient visual analogue scales, Ashworth score, numerical investigator rating of symptoms
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? High risk C-Inadequate
Anti-spasticity agents for multiple sclerosis (Review) 29
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Wouthrich 1981

Methods 6 week parallel-group study

Participants 20 MS patients aged 19-71

Interventions Baclofen (20-60mg) v. tizanidine (8-24mg)

Outcomes As Chrzanowski (1981)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Unclear risk B - Unclear

ADL:

Ashworth:

CBD:

Cybex Il isokinetic unit:
EDSS:

EMG:

MRC grade:

PASAT:

THC:

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Abel 1994 Not RCT of sufficient duration
Anonymous 1973 Not RCT of sufficient duration
Anonymous 1974 Not RCT of sufficient duration
Azouvi 1996 Not RCT of sufficient duration
Barat 1974 Not a randomised controlled trial
Barbeau 1982 Not RCT of sufficient duration
Basmajian 1973 Unable to extract data for non-MS patients
Baykuschev 1968 Not RCT of sufficient duration
Becker 1995 Not RCT of sufficient duration
Behan 1982 Not RCT of sufficient duration
Bergamini 1966 Not a randomised controlled trial
Bianchi 1999 Not RCT
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Birkmayer 1967

Not RCT

Bittencourt 1988

Not RCT of sufficient duration

Broggi 1993

Not RCT of sufficient duration

Broseta 1989

Not RCT of sufficent duration

Burke 1971

Not RCT of sufficient duration

Cartlidge 1974

Unable to separate data for non-MS patients

Castaigne 1973

Not a randomised controlled trial

Cendrowski(1) 1977

Not RCT of sufficient duration

Cendrowski(2) 1977

Not RCT of sufficient duration

Chantraine 1980

Not RCT of sufficient duration

Chipman 1974

Not RCT of sufficient duration

Chyatte 1971

Not RCT of sufficient duration

Coffey 1993

Not RCT of sufficient duration

Cohan 1980

Not RCT of sufficient duration

Corston 1981

Unable to separate non-MS patients

Cumming 1972

Not RCT of sufficient duration

Cutter 2000

Not RCT of sufficient duration

Dressnandt 1996

Not RCT of sufficient duration

Duncan 1976

Unable to separate data for non-MS patients

Dunevsky 1998

Not an RCT

Emre 1994

Not RCT of sufficient duration

Finnimore 1995

Not relevant to this review

Fra 1971

Not a randomised controlled trial

Gambi 1983

Unable to extract data for non-MS patients

Gerstenbrand 1979

Not an RCT

Gibbins 1982 No evidence of blinding in published report
Glass 1974 Not RCT of sufficient duration
Gobel 1999 Not RCT of sufficient duration
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Gonsette 1978

Not RCT of sufficient duration

Hassan 1980

Not RCT of sufficient duration.

Heazlewood 1983

Not RCT of sufficient duration

Hedley 1975

Not RCT of sufficient duration.

Herman 1992

Unable to separate data for non-MS patients.

Hoogstraten 1988

Single-blind study only

Hudgson 1971

Unable to separate data for non-MS patients

Huffman 1973

Not RCT of sufficient duration

Hugenholtz 1992

Unable to separate data for non-MS patients

Jabbari 1995

Not RCT of sufficient duration

Jabbari 1996

Not RCT of sufficient duration

Jarrett 2002

Not RCT

Jerusalem 1968

Not RCT

Jones 1976

Not RCT of sufficient duration

Joynt 1976

Not RCT of sufficient duration

Keenan 1977

Unable to separate data for non-MS patients

Kerty 1997

Not RCT of sufficient duration

Ketelaer 1973

Not a randomised controlled trial

Khan 1995

Not RCT of sufficient duration

Knutsson 1982

Not RCT of sufficient duration

Kravitz 1992

Not RCT of sufficient duration.

Ladd(1) 1974

Not RCT of sufficient duration

Ladd(2) 1974

Not RCT of sufficient duration.

Latash 1989

Not RCT of sufficient duration

Lazorthes 1990

Not RCt of sufficient duration

Lee 1993

Unable to separate non-MS patients

Lee 1994

Not relevant to this review

Leveghi 1998

Not RCT
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Levine 1968 Not RCT of sufficient duration
Levine 1969 Not RCT

Levine(1) 1977

Unable to separate data for non-MS patients

Levine(2) 1977

Not RCT of sufficient duration

Link 1999

Not RCT

Lossius 1985

Not RCT of sufficient duration

Loubser 1991

Not MS patients

Mai 1979

Not RCT of sufficient duration

Mayer 1973

Not RCT of sufficient duration

Medici 1985

Unable to separate non-MS patients

Meinck 1989

Not RCT of sufficient duration

Meyler 1981

Not RCT of sufficient duration

Mondrup 1983

Not RCT of sufficient duration

Mondrup 1984

Drug not used therapeutically for toxicity

Monster 1973 Unable to separate data for non-MS patients

Monster 1974 No details of patients' diagnoses. No validated outcome measure used. Unable to extract de-
tails of first crossover period

Morita 2001 Not RCT

Mueller 1997 Not RCT of sufficient duration

Muller 1987 Not RCT of sufficient duration

Mutani 1971 Not a randomised controlled trial

Nance 1995 Not RCT of sufficient duration

Nance 1997 Not relevant to this review

Neretin 1978

Not RCT of sufficient duration

Newman 1982

Unable to separate data for non-MS patients

Nielsen(1) 2000

Not RCT

Nielsen(2) 2000

Not RCT

Ochs 1989

Not RCT of sufficient duration
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Ordia 1996 Not RCT of sufficient duration

Orsnes(1) 2000

Not RCT

Orsnes(2) 2000

Not RCT

Pagano 1988

Unable to separate data for non-MS patients

Parke 1989

Not RCT of sufficient duration

Patterson 1994

Not RCT of sufficient duration

Pederson 1970

Not RCT of sufficient duration

Pederson 1981

Not RCT of sufficient duration.

Penders 1976

Not RCT of sufficient duration.

Penn 1985 Not RCT of sufficient duration.
Penn 1989 Not RCT of sufficient duration.
Penn 1992 Not RCT of sufficient duration.
Perkin 1976 Drug not used therapeutically for toxicity
Petro 1980 Not RCT of sufficient duration.
Petro 1981 Not RCT of sufficient duration.
Polman 1994 Not RCT of sufficient duration

Porsasz 1981

Not a randomised controlled trial

Reisner 1978

Not a randomised controlled trial

Ringwald 1977 Not RCT
Rodgers 1999 Not RCT
Rossier 2000 Not RCT

Roussan 1982

Unable to separate data for non-MS patients

Rudick 1987

Drug not used therapeutically for toxicity

Saltuari 1992

Not RCT of sufficient duration

Smith 1991 Not RCT of sufficient duration
Smith 1992 Not RCT of sufficient duration
Toste 1999 Not RCT

Ungerleider 1987

Not RCT of sufficient duration
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van Ouwenaller 1985 Not MS patients

Verrier 1977 Not RCT of sufficient duration

Vogt 2000 Not RCT

Weiser 1978 Unable to separate data for non-MS patients
Wickstrom 1987 Unable to obtain further details of study
Wilson 1966 Unable to separate data for non-MS patients

APPENDICES

Appendix 1. CENTRAL search strategy

#1"multiple sclerosis"

#2MeSH descriptor Multiple Sclerosis explode all trees
#3"transverse myelitis"

#4MeSH descriptor Myelitis, Transverse, this term only
#5"neuromyelitis optica"

#6"optic neuritis"

#7MeSH descriptor Optic Neuritis explode all trees
#8"encephalomyelitis acute disseminated"

#9MeSH descriptor Encephalomyelitis, Acute Disseminated, this term only
#10"devic"

#11MeSH descriptor Muscle Spasticity explode all trees
#12MeSH descriptor Spasm explode all trees
#13spasticity

#14spasm

#15muscle NEXT spasticity

#16(#11 OR #12 OR#13 OR #14 OR 25)

#17MeSH descriptor Baclofen, this term only

#18MeSH descriptor Dantrolene explode all trees
#19MeSH descriptor Botulinum Toxins explode all trees
#20baclofen

#21dantrolene

#22tizanidine

#23gabapentin

#24botulinum NEXT toxin

#25(#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24)
#26MeSH descriptor Vigabatrin, this term only
#27MeSH descriptor gamma-Aminobutyric Acid explode all trees
#28MeSH descriptor Diazepam explode all trees
#29vigabatrin

#30diazepam

#31ketazolam

#32(#26 OR #27 OR #28 OR #29 OR #30 OR #31)
#33MeSH descriptor Cannabinoids explode all trees
#34MeSH descriptor Aminopyridines explode all trees
#35cannabinoid*

#36cyproheptadine

#37progabide

#38oxcarbazepine

#39threonine

Anti-spasticity agents for multiple sclerosis (Review) 35
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

#40diaminopyridine

#41GABA

#42(#33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41)

#43(#16 AND (#25 OR #32 OR #42))

#44MeSH descriptor Demyelinating Diseases, this term only

#45"demyelinating disease*"

#46(#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #44 OR #45)
#47(#43 AND #46)

Appendix 2. MEDLINE (PubMed) search strategy

((("Muscle Spasticity"[Mesh]) OR ("Spasm"[Mesh]) OR (spasticity) OR (spasm) OR ("muscle spasticity")) AND ((("Baclofen"[Mesh])
OR ("Dantrolene"[Mesh]) OR ("Botulinum Toxins"[Mesh]) OR (baclofen) OR (dantrolene) OR (tizanidine) OR (gabapentin) OR
("botulinum toxin*")) OR (("Vigabatrin"[Mesh]) OR ("gamma-Aminobutyric Acid"[Mesh]) OR ("Diazepam"[Mesh]) OR (vigabatrin) OR
(diazepam) OR (ketazolam)) OR (("Cannabinoids"[Mesh]) OR ("Aminopyridines"[Mesh]) OR (cannabinoid*) OR (cyproheptadine) OR
(progabide) OR (oxcarbazepine) OR (threonine) OR (diaminopyridine) OR (GABA)))) AND (((("Multiple Sclerosis"[mh]) OR ("Myelitis,
Transverse"[mh:noexp]) OR ("Demyelinating Diseases"[mh:noexp]) OR ("Encephalomyelitis, Acute Disseminated"[mh:noexp]) OR ("Optic
Neuritis"[mh])) OR ((("multiple sclerosis") OR ("neuromyelitis optica") OR ("transverse myelitis") OR (encephalomyelitis) OR (devic) OR
("optic neuritis")) OR ("demyelinating disease*") OR ("acute disseminated encephalomyelitis"))) AND (((randomized controlled trial[pt])
OR (controlled clinical trial[pt]) OR (randomized[tiab]) OR (placebo[tiab]) OR (drug therapy[sh]) OR (randomly[tiab]) OR (trial[tiab]) OR
(groups[tiab])) NOT ((animals[mh]) NOT ((animals[mh]) AND (human[mh])))))

Appendix 3. EMBASE search strategy

((("encephalomyelitis'/exp) OR (‘demyelinating disease'/exp) OR ('multiple sclerosis'/exp) OR (‘'myelooptic neuropathy'/exp) OR ('multiple
sclerosis':ab,ti) OR ('neuromyelitis optica':ab,ti) OR (encephalomyelitis:ab,ti) OR (devic:ab,ti)) AND (('crossover procedure'/exp) OR (‘double
blind procedure'/exp) OR ('single blind procedure'/exp) OR ('randomized controlled trial'/exp) OR (random*:ab,ti) OR (factorial*:ab,ti)
OR (crossover:ab,ti) OR (cross:ab,ti AND over:ab,ti) OR (placebo*:ab,ti) OR ('double blind':ab,ti) OR ('single blind":ab,ti) OR (assign*:ab;ti)
OR (allocat*:ab,ti) OR (volunteer*:ab,ti))) AND (('spasticity'/exp) OR (‘'muscle spasm'/exp) OR (spasticity:ab,ti) OR (spasm:ti,ab)) AND
(('baclofen'/exp) OR ('dantrolene'/exp) OR (‘botulinum toxin'/exp) OR (baclofen:ab,ti) OR (dantrolene:ab,ti) OR ('botulinum toxins':ab,ti) OR
(tizanidine:ab,ti) OR (gabapentin:ab,ti) OR ('vigabatrin'/exp) OR (vigabatrin:ab,ti) OR ('4 aminobutyric acid'/exp) OR ('diazepam'/exp) OR
(diazepam:ab;,ti) OR (ketazolam:ab,ti) OR (cannabinoid*:ab,ti) OR ('cannabinoid'/exp) OR (cyproheptadine:ab,ti) OR (progabide:ab,ti) OR
(oxcarbazepine:ab,ti) OR (threonine:ab,ti) OR (diaminopyridine:ab,ti) OR (‘aminopyridine derivative'/exp) OR (gaba:ab,ti)) AND [humans]/
lim AND [embase]/lim

WHAT'S NEW

Date Event Description
30 June 2008 Amended Converted to new review format.
HISTORY

Protocol first published: Issue 4, 1998
Review first published: Issue 4, 2000

Date Event Description
1 June 2003 New search has been performed Searches were re-run
1 June 2003 New citation required but conclusions Substantive amendment

have not changed

15 June 2001 New citation required but conclusions Substantive amendment
have not changed

15 June 2001 New search has been performed Searches were-re-run
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Medical Subject Headings (MeSH)

Anti-Dyskinesia Agents [therapeutic use]; Botulinum Toxins [therapeutic use]; Multiple Sclerosis [*complications]; Muscle Relaxants,
Central [*therapeutic use]; Muscle Spasticity [*drug therapy] [etiology]; Randomized Controlled Trials as Topic

MeSH check words

Humans
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