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ABSTRACT
This is the protocol for a review and there is no abstract. The objectives are as follows:
To evaluate the effectiveness of non-pharmacological interventions for lower limb muscle cramps.
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BACKGROUND

Description of the condition
Muscle cramps are sudden, involuntary, painful contractions of
skeletal muscle (Norris 1957; Jansen 1991a; El-Tawil 2004) that
are characterised electrically by repetitive firing of motor unit action potentials at high rates up to 150 per second (Miller 2005).
Cramps can be excruciatingly painful (Kanaan 2001; Jansen 2002)
and can cause delayed onset muscle soreness (a type of painful
muscle damage that typically produces pain for 2 to 14 days)
(Leung 1999; Jansen 2002). Muscle cramps can also interfere with
sleep (Gootnick 1943; Gentili 1997; Gulich 1998) and activities
of daily living (Matsumoto 2009); cause distress (Naylor 1994;
Butler 2002); reduce quality of life (Kanaan 2001; Miller 2005;
Shaker 2005; Kobrin 2007); limit sports participation and performance; and lead to chronic underdialysis in people undergoing haemodialysis (Canzanello 1992; Kobrin 2007). In one of the
earliest case reports, Gootnick 1943 reported three people whose
sleep was so troubled by cramps during the night that they had
been unable to sleep for months except in an armchair.
Muscle cramp can occur at any time throughout the day or night
(Abdulla 1999) and can affect people of any age (Jansen 1991;
Miller 2005), although they occur uncommonly in children less
that eight years of age (Leung 1999). Cramps usually affect muscles
of the legs (Naylor 1994; Hirai 2000), particularly the calf muscles
(Jansen 1991; Manjra 1996; Abdulla 1999; Leung 1999). Most
cramps resolve spontaneously within 10 minutes (Naylor 1994;
Abdulla 1999) but are reported to last up to one hour (Abdulla
1999). In most cases, cramps occur irregularly; often appearing
and disappearing spontaneously for long periods, irrespective of
treatment (Jansen 1999).
No large, random-sampled population studies have been conducted to determine the prevalence of lower limb muscle cramps.
In a nationwide, randomised study of general muscle cramps in
nearly 2000 Dutch adults, approximately one in every three people
reported at least one muscle cramp during the prior year (Jansen
1991a). Similarly, of over 1000 people surveyed in southern Germany, approximately one in every three people reported a history
of nocturnal calf cramp and one in every four had experienced
cramp within the four weeks prior to completing the questionnaire (Gulich 1998). In a separate study of 365 people aged 65
years and over, one in two people reported leg cramps at rest (e.g.
while sleeping) (Abdulla 1999).
Compared to the general population, leg cramps are more prevalent in pregnant women (Jansen 1991; Jansen 1991a); people over
60 years of age (Naylor 1994; Gulich 1998; Hirai 2000); people undergoing haemodialysis (Canzanello 1992; Kobrin 2007);
people with cirrhosis (Angeli 1996), fibromyalgia (Yunus 1996),
arthritis (Yunus 1996; Abdulla 1999), lower motor neuron disease (e.g. amyotrophic lateral sclerosis) (Forshew 2003), lumbar
spinal canal stenosis (Matsumoto 2009), peripheral neurological
deficit (Haskell 1997), paraesthesia (Yunus 1996) or varicose veins

(Gulich 1998; Hirai 2000); and children and adults with Charcot-Marie-Tooth disease (Burns 2009; Redmond 2009). There
is no consistent relationship between cramp prevalence and being female versus male (Jansen 1991; Naylor 1994; Manjra 1996;
Gulich 1998; Abdulla 1999; Hirai 2000), serum electrolyte levels
(Oboler 1991; Haskell 1997; Sulzer 2005), dehydration (Manjra
1996; Sulzer 2005; Schwellnus 2007), heart disease (Oboler 1991;
Haskell 1997; Gulich 1998; Abdulla 1999) or diabetes mellitus
(Oboler 1991; Gulich 1998).

Description of the intervention
Many interventions are available for lower limb muscle cramps.
The most common interventions can be broadly categorised as
pharmacological or non-pharmacological. Common pharmacological interventions include quinine sulphate (Man-Son-Hing
1998), gabapentin (Miller 2005), magnesium (Frusso 1999; Roffe
2002; Sohrabvand 2006), Vitamin E (Connolly 1992; Burnakis
2000), calcium channel blockers (Baltodano 1988), naftidrofuryl
oxalate (Young 1993) and calcium (Sohrabvand 2006). In clinical trials, none of these has demonstrated consistent effectiveness and safety for muscle cramps and none is approved by the
American Food and Drug administration for nocturnal leg cramps
(The Journal of Family Practice 2008). In a landmark systematic
review of the effectiveness of quinine for nocturnal leg cramps,
the reviewers concluded that, due to the unclear risk/benefit ratio of quinine, non-pharmacological interventions should be prescribed as a first line therapy and before pharmacological intervention (Man-Son-Hing 1998). This recommendation is widely
supported in the medical literature (Leclerc 1996; Kanaan 2001;
Miller 2005). Non-pharmacological interventions reported in the
literature include: muscle stretching (Daniell 1979; Jones 1983;
Simchak 1991; Leclerc 1996; Leung 1999; Kanaan 2001; Miller
2005; Matsumoto 2009); massage (Jones 1983; Kanaan 2001;
Matsumoto 2009); relaxation (Joekes 1982); sensory nerve stimulation (Bentley 1996); footwear changes (Roberts 1965); weight
loss (Roberts 1965); physical exercise (Miller 2005); avoiding
physical fatigue (Roberts 1965); heat therapy (Jones 1983); compression garments (Young 2009); night ankle dorsiflexion splints
(Miller 2005); placebo (Miller 2005); reassurance (Butler 2002);
and changes to sleeping (Gootnick 1943; Moss 1948; Cutler 1984;
Warburton 1987; Abdulla 1999; Leung 1999; Kanaan 2001) and
sitting (Roberts 1965) position. More controversial historical interventions include sleeping with a horseshoe (Simchak 1991),
a magnet (Fowler 1973), corks (Warburton 1987) or potatoes
(Warburton 1987) beneath the mattress.

Why it is important to do this review
Many interventions are available for lower limb muscle cramps,
but not all are efficacious or supported by evidence (Leclerc 1996;
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Abdulla 1999). Many treatments are controversial (Roberts 1965;
Abdulla 1999; Sallis 2002) and no treatment guidelines exist (The
Journal of Family Practice 2008). As a result, management of
leg cramps can be frustrating (Riley 1995) and difficult (Butler
2002) for physicians and patients alike. Many people experience no
benefit from the interventions prescribed (Sontag 1988; Abdulla
1999; Miller 2005) and many more receive no intervention at all
(Naylor 1994; Gulich 1998; Abdulla 1999). A systematic review of
non-pharmacological interventions for lower limb muscle cramps
will serve two purposes. Firstly, it will enable healthcare providers,
users, and policy decision makers to make better informed decisions about the treatment of lower limb muscle cramps. Secondly,
it will identify for researchers interventions that require further
evaluation in clinical trials.
Only one Cochrane systematic review has focused on interventions
for muscle cramps. This review assessed the treatment of muscle
cramps in pregnancy (Young 2002). Two other reviews, currently
in protocol stage, will evaluate intervention for muscle cramp in
amyotrophic lateral sclerosis (Weber 2003) and the use of quinine
for all types of muscle cramps (El-Tawil 2004).

OBJECTIVES
To evaluate the effectiveness of non-pharmacological interventions
for lower limb muscle cramps.

METHODS

Types of participants
All people (including men, women and children) who experience
lower limb muscle cramp will be included.
Types of interventions
We will include all non-pharmacological interventions used for at
least four weeks. These may include, but are not limited to, muscle
stretching, splints, massage, warmth, change in sleeping position,
placebo, relaxation, footwear, weight loss, compression garments,
transcutaneous nerve stimulation and changes to physical activity.
We will exclude all pharmacological interventions. For this review,
pharmacological intervention will include any intervention taken
orally (e.g. tablets, capsules, tonics), by injection, by rectal or vaginal suppository and by inhalation. Topically applied medicines
(e.g. glyceryl trinitrate patches) will also be excluded, however,
topically applied preparations that are not thought to alter directly
and independently body function (e.g. oils used in massage) will
be included.
We will also exclude reflexology and invasive interventions including surgery and acupuncture.
We will only include trials that compare pharmacological and nonpharmacological interventions if a placebo group, no intervention
group, or second non-pharmacological intervention group is included.
Types of outcome measures

Primary outcomes

• Cramp frequency, measured as number of cramps per week

Criteria for considering studies for this review
Types of studies
All randomised controlled trials of non-pharmacological interventions for the prevention of lower limb muscle cramps. Trials of
acute treatment of muscle cramps will be excluded. As there is
no universally agreed upon definition for cramp, we will accept
any diagnosis of cramp unless there is clear contradiction with the
broad definition used in this review (cramp as a sudden, involuntary, painful contraction of skeletal muscle). Any exclusion based
on definition will be clearly explained in the table ’Characteristics
of Excluded Studies’. All definitions of ’cramp’ used in included
studies will be reported in the table ’Characteristics of Included
Studies’. We will contact authors for clarification if: (1) ’cramp’ is
diagnosed but not defined; (2) authors diagnose commonly used
synonyms for cramp (for example, spasm or charley horse); or (3)
authors describe the problem in such a way that we suspect muscle cramp (for example, if the problem is described as a sudden,
painful contraction of skeletal muscle).

When analysing cramp frequency, we will use change from baseline frequency where possible. If change scores with measures of
variability are not available for all trials included in the same analysis, change scores and follow-up values will be combined using
weighted mean differences.
Secondary outcomes

• Adverse outcomes
• Cramp severity, including pain severity (measured using
any validated pain assessment tool, for example, a visual
analogue scale) and duration of cramp (measured in seconds)
• Health-related quality of life (measured by any validated
assessment tool, for example, SF-26 survey)
• Quality of sleep (measured by any validated assessment
tool, for example, MOSleep survey)
• Participation in activities of daily living, including physical
activity (measured by any validated assessment tool)
If data from only one study are included in an analysis, we will
measure the outcome as per the timepoint used in the original
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study. If data from more than one trial are included in an analysis,
we will group the outcomes in the timepoints ’four weeks to three
months’ and ’more than three months’. In this instance, the time
point ’more than three months’ will be the primary outcome and
the timepoint ’four weeks to three months’ will be a secondary
outcome. All outcome data that are combined in meta-analysis will
be standardised to an appropriate follow-up period, for example,
cramps per week after four months combined with cramps per
week after six months.

Search methods for identification of studies

Electronic searches
We will search the Cochrane Neuromuscular Disease Group Trials
Specialized Register using the terms: cramp, spasm, contracture,
charley horse and lower limb, lower extremity, foot, calf, leg, thigh,
gastrocnemius, hamstring, quadriceps. This will be adapted to
search for RCTs in the following databases:
1. MEDLINE (January 1966 to present);
2. EMBASE (January 1980 to present);
3. Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library, latest issue).
The search strategy for MEDLINE is in Appendix 1. There will
be no language or publication restrictions.

Searching other resources
We will check the reference lists of all included studies for other
suitable trials. The first authors of included trials will be contacted
via e-mail to assist in identifying relevant unpublished and published trials.

Data extraction and management
One review author (FH) will extract data from published reports
using standardised, pilot tested forms and a second review author
(KW) will perform cross checks. We will contact study authors
as necessary to provide missing information. Disagreements will
be resolved by discussion between review authors or, if necessary,
arbitration by a third review author (JB).
Assessment of risk of bias in included studies
Two review authors (FH and KW) will independently rate risk
of bias of included trials using the following criteria as described
in the Cochrane Handbook of Systematic Reviews of Interventions
(Higgins 2008):
1. sequence generation;
2. concealment of allocation;
3. blinding;
4. incomplete data;
5. selective outcome reporting;
6. other sources of bias, such as financial conflicts of interest
and single author or single centre trials.
We will create a ’Risk of bias’ table to present a description of what
was reported within the published report for each criterion and
to assign a judgement relating to the risk of bias for that entry.
‘Yes’ will indicate a low risk of bias, ‘No’ will indicate a high risk
of bias and ‘Unclear’ will indicate an unclear or unknown risk of
bias; or if an entry is not relevant to the study at hand. A ‘Risk of
bias summary’ figure will be generated using Review Manager 5
to present all of the judgements in a cross-tabulation of study by
entry.
If study investigators are contacted for missing information, we
will ask open-ended questions to reduce the risk of leading, for example the open-ended question ‘How did you decide which treatment the next patient should receive?’ will be used in preference
to ‘Did you conceal the allocation sequence?’.
Measures of treatment effect

Data collection and analysis

Selection of studies
To authors (FH and KW) will independently assess the titles and
abstracts of all trials identified by the search. The same two authors will then independently assess for inclusion full-text copies
of potentially relevant studies. Authorship and results will not be
masked. Disagreements will be resolved by discussion between review authors or, if necessary, arbitration by a third review author
(JB). If arbitration by the third reviewer does not resolve the dispute, the study authors will be contacted. If this is unsuccessful,
the disagreement will be reported in the review.

Where possible, we will extract and analyse continuous data using
mean differences (MD) and 95% confidence intervals (CI). When
different measurement scales are used, we will perform standardised mean difference (SMD) analyses . We will analyse count data
(e.g. number of muscle cramps) as continuous data (mean number
of cramps per person).
Results for dichotomous data will be reported as risk ratios (RR)
with 95% confidence intervals.
Unit of analysis issues
We will include cross-over trials; however, only data from the first
phase of intervention will be considered, as clinical trials of interventions for muscle cramp have detected significant carryover effects (particularly for quinine) (Dunn 1993; Jansen 1997; Coppin
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2005) and the effectiveness of washout periods for interventions
for muscle cramps is unknown. Due to the substantial and variable
carryover effect of quinine, we will exclude studies that discontinue quinine less than three months prior to intervention within
the trial.
Dealing with missing data
Where available, we will extract data from intention-to-treat analyses. If the original researchers did not perform intention-to-treat
analyses and sufficient raw data are available, we will complete
intention-to-treat analyses before entering data into RevMan, to
limit attrition bias.
Assessment of heterogeneity
We will assess clinical heterogeneity across trials and if trials are
sufficiently clinically homogenous in terms of participants, interventions, and outcomes they will be included for meta-analysis.
We will quantify inter-trial statistical inconsistency using I2
(Higgins 2008).
The I2 value will be calculated by:
I2 = 100%[(Q-df )/Q]
where Q is Cochran’s heterogeneity, Chi-squared statistic and df
is the degrees of freedom. The Cochran’s Q will be determined by
summing the squared deviations of each trial’s estimate from the
overall meta-analytic estimate and a P value obtained by comparing
the statistic with a x2 distribution with k - 1 degrees of freedom
(where k is the number of trials). The following guide will be used
to interpret the I2 values:
• 0-40% might not be important;
• 30-60% may represent moderate heterogeneity;
• 50-90% may represent substantial heterogeneity;
• 75-100% considerable heterogeneity.
When there is heterogeneity that cannot readily be explained, we
will use a random-effects model to incorporate heterogeneous trials
in meta-analysis.

Data synthesis
We will use the Cochrane statistical package, Review Manager
5 (RevMan 2008), for statistical analyses. One author will enter
statistical data into Review Manager 5 and a second author will
check the data.

Subgroup analysis and investigation of heterogeneity
Providing sufficient data are available, we will perform subgroup
analysis according to cramp type/aetiology, for example, rest cramp
versus exercise associated cramp versus haemodialysis cramp versus
cramp in people with neuromuscular disease.
Meta-analyses of subgroups will follow the same methodological
principles as the primary analysis. If meta-analyses are performed
within multiple subgroups, the magnitude of effect estimates for
subgroups will be compared informally between groups. Nonoverlap of summary estimate confidence intervals will be considered to indicate statistical significance. If confidence intervals overlap to a small degree the possibility of a statistically significant
difference will be considered (Higgins 2008).
We will not compare the statistical significance of the pooled effect estimates for individual subgroups as the likely unequal information loading subgroups will affect the power to detect effects
(Higgins 2008).

Sensitivity analysis
We will perform sensitivity analyses by including only studies of
high methodological quality (low to moderate risk of bias). If
all trials are found to have a high risk of bias, we will perform
sensitivity analyses by excluding trials not concealing allocation or
blinding the participants.
If one or more outliers are found to contribute to heterogeneity,
and a reason for the outlying result is apparent, analyses both with
and without outlying trials will be performed as a component of
sensitivity analysis (Higgins 2008).
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APPENDICES

Appendix 1. Ovid SP MEDLINE search strategy
1 muscle cramp/ or cramp$1.mp.
2 spasm/ or spasm.mp.
3 contracture/ or contracture.mp.
4 charley horse.mp.
5 or/1-4
6 lower limb.mp.
7 lower extremity/ or lower extemity.mp.
8 foot/ or foot.mp.
9 calf.mp.
10 leg.mp. or leg/
11 thigh.mp. or thigh/
12 gastrocnemius.mp.
13 hamstring.mp.
14 quadriceps.mp. or quadriceps muscle/
15 or/6-14
16 randomized controlled trial.pt.
17 controlled clinical trial.pt.
18 randomized.ab.
19 placebo.ab.
20 drug therapy.fs.
21 randomly.ab.
22 trial.ab.
23 groups.ab.
24 or/16-23
25 (animals not (animals and humans)).sh.
26 24 not 25
27 5 and 15 and 26
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