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Background. Contractures are a disabling complication of neurological condi-
tions that are commonly managed with stretch.

Objective. The purpose of this systematic review was to determine the effective-
ness of stretch for the treatment and prevention of contractures. The review is part
of a more-detailed Cochrane review. Only the results of the studies including patients
with neurological conditions are reported here.

Data Sources. Electronic searches were conducted in June 2010 in the following
computerized databases: Cochrane CENTRAL Register of Controlled Trials, Database
of Abstracts of Reviews of Effects (DARE), Health Technology Assessment Database
(HTA), MEDLINE, Cumulative Index to Nursing and Allied Health Literature
(CINAHL), EMBASE, SCI-EXPANDED, and Physiotherapy Evidence Database (PEDro).

Study Eligibility Criteria. The review included randomized controlled trials
and controlled clinical trials of stretch applied for the purposes of treating or
preventing contractures in people with neurological conditions.

Study Appraisal and Synthesis Methods. Two reviewers independently
selected studies, extracted data, and assessed risk of bias. The primary outcome
measures were joint mobility (range of motion) and quality of life. Secondary out-
come measures were pain, spasticity, activity limitation, and participation restriction.
Meta-analyses were conducted using random-effects models.

Results. Twenty-five studies met the inclusion criteria. These studies provide
moderate-quality evidence that stretch has a small immediate effect on joint mobility
(mean difference�3°, 95% confidence interval [CI]�0° to 5°) and high-quality evi-
dence that stretch has little or no short-term or long-term effects on joint mobility
(mean difference�1° and 0°, respectively, 95% CI�0° to 3° and �2° to 2°, respec-
tively). There is little or no effect of stretch on pain, spasticity, and activity limitation.

Limitations. No studies were retrieved that investigated the effects of stretch for
longer than 6 months.

Conclusion. Regular stretch does not produce clinically important changes in
joint mobility, pain, spasticity, or activity limitation in people with neurological
conditions.
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Contractures are a common
complication of neurological
conditions such as stroke, spi-

nal cord injury, traumatic brain in-
jury, and cerebral palsy.1 They are
characterized by a reduction in joint
mobility and an increase in resis-
tance to passive joint movement.1,2

Contractures are due to neural and
non-neural factors, including spastic-
ity and structural changes in soft
tissues.3 Spasticity is characterized
by an increased resistance to passive
joint movement due to involuntary
muscle contraction. Contractures
can result in deformities, pain, and
skin breakdown and may restrict ac-
tivity and participation.2,4–7 For
these reasons, the treatment and pre-
vention of contractures are impor-
tant goals of therapy for people with
neurological conditions.

Stretch is widely used to treat and
prevent contractures (as defined by
the International Classification of
Functioning, Disability and
Health8).*,9–13 Stretch can be self-
administered, applied manually by
therapists, or administered with po-
sitioning programs, splints, or serial
casts. The duration of stretch varies
depending on how it is applied. For
example, stretch administered man-
ually is applied for a few minutes a
day, whereas stretch administered
through serial casts is applied contin-
uously for days or weeks at a time.

Any stretch induces a transient in-
crease in tissue extensibility. This in-
crease is due to viscous deformation
and quickly dissipates with the re-
moval of the stretch.14–18 Contrac-
ture management requires more-
lasting changes in tissue extensibility.
Evidence from animal studies sug-
gests that contracture management
can be achieved through repeated or
sustained stretch (over days, weeks,
or months). For example, 4 weeks of
sustained stretch in cat soleus mus-
cles results in tissue remodeling and
specifically an increase in the num-
ber of sarcomeres in series.19 No
study on humans has investigated
the effect of stretch on sarcomere
numbers. However, many studies on
humans have investigated the effects
of stretch on joint mobility and range
of motion.

This systematic review is part of a
more-detailed Cochrane review in-
vestigating the effectiveness of
stretch for the treatment and preven-
tion of contractures in all types of
participants, including those with
contractures following trauma or dis-
ease processes.20 The results of the
studies including participants with
neurological conditions are reported
here. The purpose of this systematic
review, therefore, was to determine
the effectiveness of stretch for con-
tracture management in people with
neurological conditions. The pri-
mary objective was to determine
whether stretch increases joint mo-
bility or quality of life. The secondary
objective was to determine the ef-
fects of stretch on pain, spasticity,
activity limitation, and participation
restriction.

Method
Data Sources
Computerized databases were origi-
nally searched in April 2009 for the
Cochrane review and then updated
in May and June 2010 for this publi-
cation. The included databases were:
Cochrane CENTRAL Register of Con-

trolled Trials, Database of Abstracts
of Reviews of Effects (DARE), Health
Technology Assessment Database
(HTA; Wiley Interscience; May
2010), MEDLINE (OVID; 1950 to
May 2010), Cumulative Index to
Nursing and Allied Health Literature
(CINAHL; EBSCOhost; 1982 to May
2010), EMBASE (OVID; 1980 to May
2010), SCI-EXPANDED (ISI Web of
Knowledge; 1900 to May 2010), and
Physiotherapy Evidence Database
(PEDro; www.pedro.org.au; June
2010). The electronic searches were
complemented with a search of clin-
ical trial registers and of the refer-
ence lists of included studies and rel-
evant systematic reviews (for full
search strategies, see the Cochrane
review20). Forward citation tracking
of included studies also was used to
search for additional studies using
the ISI Web of Knowledge. Authors
of included studies were contacted
for additional studies and unpub-
lished data where necessary and
possible.

Study Eligibility Criteria
Studies were included if they were
published or unpublished random-
ized controlled trials or controlled
clinical trials that measured joint mo-
bility (reported in any language).
They could use parallel-group, within-
subjects, or crossover designs. Par-
ticipants could be of any age or ei-
ther sex, provided they had existing
contractures or were at risk of devel-
oping contractures. Only studies in-
cluding participants with neurologi-
cal conditions were eligible for this
review.

Studies were included if stretch was
compared with no stretch or with
sham stretch. Studies with a cointer-
vention (eg, botulinum toxin) were
included if the cointervention was
the same for the treatment and con-
trol groups. Stretch interventions
could include sustained passive
stretch, positioning, splinting, serial
casting, or any other manual stretch

* See www.physiotherapyexercises.com for
more than 100 examples of stretches typically
prescribed by physical therapists.
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technique aimed at maintaining or
increasing the mobility of any syno-
vial joint. To be included, the stretch
needed to sustain the soft tissues in
a lengthened position for at least 20
seconds on more than one occasion.
Studies were excluded if the inter-
vention involved oscillating a joint
through range. For example, studies
of joint mobilization, joint manipula-
tion, continuous passive motion, pas-
sive movements, and active move-
ments were excluded. Studies were
excluded where 2 types of stretch
were compared with each other or
where stretch was compared with
an active intervention.

Study Appraisal and Synthesis
Methods
Two authors independently ex-
tracted data and assessed the quality
of the evidence using precon-
structed forms. The following data
were extracted: information about
study design, inclusion and exclu-
sion criteria, characteristics of the
participants, details of the interven-
tions, and results of the outcome
measures. The risk of bias in each
study was assessed using Cochrane
Risk of Bias tables.21 Each study was
rated on 8 domains: sequence gener-
ation; allocation concealment; blind-
ing of participants, therapists, and
outcome assessors; incomplete data;
selective outcome reporting; and
other potential threats to validity. In
addition, the pooled evidence about
the effectiveness of stretch on joint
mobility was rated according to
GRADE on a 4-point scale (high, me-
dium, low, and very low).22–25

GRADE uses set criteria that take into
account factors such as the consis-
tency of results across studies, the
precision of estimates, and the sus-
ceptibility to publication bias. Dis-
agreements in ratings were resolved
by discussion or, where necessary,
arbitrated by the third author.

Measures of treatment effect were
extracted for primary and secondary

outcomes. The primary outcome
measures were joint mobility (essen-
tial for inclusion) and quality of life.
Torque-controlled measures of joint
mobility were extracted in prefer-
ence to all other joint mobility mea-
sures. If torque-controlled measures
were not reported, passive joint mo-
bility measures were given the next
order of preference. If passive joint
mobility measures were not reported,
active joint mobility measures were
extracted. The secondary outcomes
of interest were pain (eg, visual
analog scale scores), spasticity (eg,
Tardieu scale or modified Ashworth
scale scores), activity limitation (eg,
Functional Independence Measure
or Motor Assessment Scale scores),
and participation restriction (eg, re-
turn to work). Measures of treatment
effect were extracted for 3 time
frames: immediate (ie, effects present
less than 24 hours after the last
stretch was ceased), short-term (ie,
effects present between 24 hours
and 1 week after the last stretch was
ceased), and long-term (ie, effects
present more than 1 week after the
last stretch was ceased).

Analysis of covariance-adjusted
between-group means and standard
deviations were extracted in prefer-
ence to between-group differences
in change scores, and between-
group differences in change scores
were extracted in preference to
between-group differences in final
scores. If studies reported data as
medians and interquartile ranges
(IQRs), medians were used as a sur-
rogate for means and standard devi-
ations were estimated as 80% of
the IQR. Differences in the data ex-
tracted by the 2 review authors were
resolved by discussion and, when
necessary, arbitrated by the third au-
thor. Study authors were contacted
when there was incomplete report-
ing of data.

Meta-analysis using a random-effects
model was considered when there
were at least 2 clinically homoge-
nous studies (studies that investi-
gated the effect of similar interven-
tions on similar populations and
reported similar outcomes). Review
Manager 526 was used for the pri-
mary data analysis. Data were pooled

The Bottom Line

What do we already know about this topic?

It is widely believed that regular stretch is effective for the treatment and
prevention of contractures. Anecdotal evidence, single-case studies, case
reports, and nonrandomized trials support the ongoing use of stretch.

What new information does this study offer?

This review of randomized trials shows that programs of stretch, as
typically applied, have little or no effect on joint range of motion when
applied for less than 7 months. The effects of longer-duration programs of
stretch are not known.

If you’re a patient, what might these findings mean
for you?

People with contractures or who are at risk for contractures are unlikely
to benefit from programs of stretch applied for less than 7 months.
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only if the I2 statistic (a measure of
homogeneity) was less than 50%. If
I2 was greater than 50%, possible
causes of heterogeneity were ex-
plored in sensitivity analyses. Indi-
vidual studies were omitted one at a
time, stratified by particular charac-
teristics or, where appropriate, ana-

lyzed with meta-regression. The sen-
sitivity analyses examined the effects
of randomization (adequate versus
inadequate sequence generation),
concealed allocation (concealed ver-
sus nonconcealed allocation), asses-
sor blinding (blinding versus no
blinding), and completeness of data

reporting (complete versus incom-
plete reporting of outcome data).

Results
Study Selection and
Characteristics
The searches identified 11,393 refer-
ences, of which 3,876 were dupli-

Figure 1.
Flow of studies through the review process. CCT�clinical controlled trial, RCT�randomized controlled trial.
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cates (Fig. 1). After screening titles
and abstracts, 102 studies were iden-
tified as potentially eligible. After
inspecting the full reports, 36 studies
were included and 66 were ex-
cluded. Twenty-five studies with a
total of 812 participants investigated
the effects of stretch in people with
neurological conditions (Tab. 1).27–51

An additional 11 studies investigat-
ing the effects of stretch in people
with non-neurological conditions are
reported in the full Cochrane re-

view.20 The updated search in May
and June 2010 identified one addi-
tional study not included in the orig-
inal Cochrane review.49 The addition
of this study explains the very small
discrepancies between the results
of the Cochrane review and this
publication.

The 25 studies of people with neu-
rological conditions investigated the
use of stretch in people with stroke,
spinal cord injury, Duchenne muscu-

lar dystrophy, traumatic brain injury,
cerebral palsy, and Charcot-Marie-
Tooth disease. Stretch was pro-
vided passively (self-administered,
therapist-administered, and device-
administered) and included position-
ing, splinting, and serial casting. The
stretch dosage was variable, ranging
from 30 minutes to 24 hours per day
(median�390 minutes, IQR�41–
720) for between 7 days and 6
months (median 30�days, IQR�22–
60). The total cumulative time that

Table 2.
Methodological Quality Summary (Risk of Bias)a

Study

Adequate
Sequence

Generation?
Allocation

Concealment?
Blinding

(Participants)?
Blinding

(Therapists)?
Blinding

(Assessors)?

Incomplete
Outcome

Data
Addressed?

Free of
Selective

Reporting?

Free
of

Other
Bias?

Ackman et al,27 2005 ? ? N N Y Y Y N

Ada et al,28 2005 Y Y N N Y Y Y Y

Ben et al,29 2005 Y Y N N Y Y Y Y

Burge et al,30 2008 Y Y N N Y Y N Y

Crowe et al,31 2000 Y Y N N Y ? N N

de Jong et al,32 2006 Y Y N N Y N N N

Dean et al,33 2000 Y Y N N Y N Y Y

DiPasquale-Lehnerz,34

1994
? ? N N ? N N Y

Gustafsson et al,35

2006
Y Y N N N Y Y ?

Harvey et al,36 2000 Y Y N N Y Y Y Y

Harvey et al,37 2003 Y Y N N Y Y Y Y

Harvey et al,38 2006 Y Y N N Y Y ? Y

Hill,39 1994 N N N N Y N N Y

Horsley et al,40 2007 Y Y N N Y Y Y Y

Hyde et al,41 2000 Y ? N N Y N N Y

Lai et al,42 2009 ? ? N N ? N Y ?

Lannin et al,43 2003 Y Y N N Y Y Y Y

Lannin et al,44 2007 Y Y N N Y Y Y Y

Law et al,45 1991 ? ? N N Y Y N N

McNee et al,46 2007 ? ? N N ? ? ? N

Moseley,47 1997 ? ? N N N Y Y Y

Refshauge et al,48

2006
Y N N N Y Y Y Y

Rose et al,49 2010 Y Y N N Y Y Y Y

Sheehan et al,50 2006 Y Y N N Y Y Y Y

Turton and Britton,51

2005
Y Y N N Y N N N

a Y�yes (low risk of bias), N�no (high risk of bias), ?�unclear (either lack of information or uncertainty over the potential for bias).
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stretch was administered ranged
from 8 to 1,512 hours (median�227
hours, IQR�22–672). Joint mobility
was reported in all included studies,
but quality of life was reported in
none. Pain was reported in 9 stud-
ies,28,30–33,35,40,43,44 spasticity was re-
ported in 6 studies,27,30,32,39,42,44 ac-
tivity limitation was reported in 13
studies,28,31,32,34,35,39–41,43–46,49 and
participation restriction was re-
ported in 1 study.38

Quality of the Evidence
The risk of bias in the 25 studies of
people with neurological conditions

was variable (Tab. 2). There was risk
of bias associated with failure to use
adequate methods to generate the
randomization sequence (28% of
studies), failure to conceal allocation
(36% of studies), failure to blind as-
sessors (20% of studies), and inade-
quate follow-up (36% of studies). Re-
sults from all studies were included
in the main analyses regardless of
quality. When lower-quality studies
were excluded in the sensitivity anal-
yses, there was no or little change in
the estimates of the effect of stretch.

Effect of Stretch on Joint Mobility
The immediate, short-term, and
long-term effects of stretch on joint
mobility each were investigated
by pooling the data from 10
studies,28,32,33,35,42–44,47–49 6 stud-
ies,29,36–38,40,51 and 7 stud-
ies,27,35,36,40,43,44,46 respectively. There
is moderate-quality evidence (ac-
cording to the GRADE criteria) that
stretch has a small immediate effect
on joint mobility (Fig. 2; mean differ-
ence�3°, 95% CI�0° to 5°; I2�41%;
P�.04). There is high-quality evi-
dence (according to the GRADE cri-
teria) that stretch has little or no

Figure 2.
Forest plot of mean difference with 95% confidence interval (CI) for immediate effects of stretch on joint mobility.
IV�inverse variance.
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short-term or long-term effect on
joint mobility (Figs. 3 and 4; mean
difference�1°, 95% CI�0° to 3°;
I2�35%; P�.12 and mean differ-
ence�0°, 95% CI��2° to 2°; I2�0%;
P�.73, respectively).

Effects of Stretch on Pain
The immediate effects of stretch on
pain were investigated by pooling
data from 4 studies.31,35,43,44 The
standardized mean difference was
0.2 standard deviation (95% CI�
�0.1 to 0.6; I2�14%; P�.23). Only

one study provided sufficient data
to investigate the short-term effects
of stretch on pain (ie, pain present
1 week after the cessation of
stretch).40 The mean difference was
0.2 cm on a 10-cm visual analog scale
(95% CI��1.0 to 1.4; P�.73). The
long-term effects of stretch on pain
were investigated by pooling the
data from 4 studies.35,40,43,44 The
standardized mean difference was
0.0 standard deviation (95% CI�
�0.4 to 0.5; I2�38%; P�.90).

Effects of Stretch on Spasticity
The immediate effects of stretch on
spasticity were investigated by pool-
ing the data from 4 studies.30,32,42,44

The standardized mean difference
was 0.1 standard deviation (95%
CI��0.3 to 0.5; I2�0%; P�.69). The
long-term effects of stretch on spas-
ticity were investigated by pooling
the data from 2 studies.27,44 The stan-
dardized mean difference was �0.3
standard deviation (95% CI��0.9
to 0.4; I2�28%; P�.41). No study

Figure 3.
Forest plot of mean difference with 95% confidence interval (CI) for short-term effects of stretch on joint mobility.
IV�inverse variance.
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measured the short-term effects of
stretch on spasticity.

Effects of Stretch on Activity
Limitation and Participation
Restriction
The immediate effects of stretch on
activity limitation were investigated
by pooling the data from 6 stud-
ies.28,35,43–45,49 The standardized mean
difference was 0.1 standard devia-
tion (95% CI��0.2 to 0.5; I2�42%;
P�.48). Only 1 study provided suffi-
cient data to investigate the short-
term effects of stretch on activity
limitation.40 The mean difference
was 2 points on an 18-point scale
(95% CI�0 to 4; P�.11). The long-

term effects of stretch were investi-
gated by pooling the data from 6
studies.35,40,43–46 The standardized
mean difference was 0.2 standard
deviation (95% CI��0.1 to 0.6;
I2�25%; P�.19). The effects of
stretch on participation could not be
determined in any study.

Discussion and Conclusions
The aim of this systematic review
was to determine the effects of
stretch in people with neurological
conditions. The primary outcome
measures were joint mobility and
quality of life. Secondary outcome
measures were pain, spasticity, activ-
ity limitation, and participation re-

striction. The results of this review
indicate that stretch does not have
clinically important effects on joint
mobility in people with or at risk of
contractures. There is little or no ef-
fect of stretch on pain, spasticity,
or activity limitation in people
with neurological conditions. Con-
clusions could not be made about
the effects of stretch on quality of life
or participation restriction.

Estimates from high-quality studies
indicate there were little or no short-
term or long-term effects of stretch
on joint mobility (mean differ-
ence�1° and 0°, respectively, 95%
CI�0° to 3° and �2° to 2°, respec-

Figure 4.
Forest plot of mean difference with 95% confidence interval (CI) for long-term effects of stretch on joint mobility.
IV�inverse variance.
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tively). The precision around both
estimates indicates that any possible
treatment effect is not greater than
3 degrees. Few authors considered a
treatment effect as small as 3 degrees
to be clinically important.33,35,48,49

Estimates from moderate-quality
studies indicate that stretch has a
small immediate effect on joint mo-
bility (mean difference�3°, 95%
CI�0° to 5°, P�.04). Although this
effect is statistically significant, the
immediate effects of stretch are
probably due to viscous deformation
and, therefore, are likely to be tran-
sient.5,52 Transient effects of stretch
are not intrinsically useful for the
treatment and prevention of
contractures.

It is possible that the effectiveness of
stretch is dependent on the dosage
of stretch and how stretch is admin-
istered. This possibility was exam-
ined in a number of meta-regression
analyses not reported in this article
but performed as part of the Co-
chrane systematic review. They indi-
cated that increasing the dosage of
stretch did not increase joint mobil-
ity and that there was no evidence
any particular type of stretch in-
tervention was superior to others.
The results of these meta-regressions
should be interpreted with caution
for 2 reasons. First, they combine the
results of neurological and non-
neurological populations. Second,
they are based on nonrandomized
between-study comparisons rather
than randomized within-study
comparisons.

A common source of bias in system-
atic reviews is the failure to identify
all relevant studies (ie, retrieval bias).
Despite our best efforts, potentially
eligible studies may have been
missed. Nonetheless, the main find-
ings of this review probably are ro-
bust because retrieval bias typically
increases estimates of effects53,54 and
most estimates of effects in this re-
view are very small. Another source

of bias in this systematic review may
have been introduced because some
of the authors of this systematic re-
view were authors of randomized
controlled trials included in the re-
view. To address this issue, review
authors did not extract data or assess
risk of bias on studies in which they
had been involved.

The findings of this systematic re-
view are broadly consistent with the
findings of other systematic reviews,
once methodological issues are taken
into account. Two systematic re-
views reported immediate effects of
stretch on joint mobility.55,56 These
effects most likely reflect viscous de-
formation of soft tissues. Not sur-
prisingly, systematic reviews that
included nonrandomized studies
tended to report more positive re-
sults and concluded that stretch was
effective in increasing joint mobili-
ty.57–59 In addition, these systematic
reviews did not distinguish between
immediate and lasting effects of
stretch. The most plausible reasons
for the discrepancies between our
results and those reviews could be
viscous deformation of soft tissues
and bias from inclusion of nonran-
domized studies. A number of sys-
tematic reviews examined the long-
term effects of stretch, and all
concluded either that there is insuf-
ficient evidence or that the exist-
ing evidence is inconclusive.9–13,55,60

One recent systematic review used
meta-analysis to estimate the effects
of stretch for improving joint mobil-
ity after stroke.61 Although that re-
view did not distinguish between the
immediate and lasting effects of
stretch, the authors concluded that
stretch did not improve joint mobil-
ity or upper-limb function. These
findings are in agreement with the
findings of our review.

The studies included in this review
compared a stretch intervention with
no intervention. However, in all
studies, participants in both groups

continued to receive usual care with
or without other cointerventions
(eg, botulinum toxin). Usual care
was rarely defined but may have in-
volved the application of regular
stretch as part of participants’ active
and daily routines. For example, it
may have involved careful position-
ing of feet in a wheelchair or bed. It
cannot be concluded, therefore, that
stretch applied as part of daily rou-
tines or as part of other aspects of
rehabilitation has no therapeutic ef-
fect, nor can it be ruled out that
stretch administered over very ex-
tended periods of time (ie, years) is
ineffective for the treatment or pre-
vention of contracture, as no study
examined the effect of stretch ad-
ministered for more than 6 months.
Nonetheless, it is disconcerting that
the results of this systematic review
indicate no added benefit from
stretch as typically applied by thera-
pists. These results challenge long-
held beliefs about contracture man-
agement and stretch. They indicate
that stretch as typically administered
by therapists may not be a suffi-
ciently potent stimulus to trigger tis-
sue remodeling. Interestingly, the re-
sults from populations without
neurological conditions are remark-
ably similar.20 These findings indi-
cate a pressing need for reappraisal
of effective contracture manage-
ment and current clinical practice
guidelines.

All authors provided concept/idea/research
design, writing, and data collection and
analysis. Mr Katalinic and Associate Professor
Harvey provided project management and
consultation (including review of manuscript
before submission). Associate Professor Har-
vey provided facilities/equipment and insti-
tutional liaisons. The authors acknowledge
the contributions of Anne Moseley, Natasha
Lannin, and Karl Schurr as coauthors of the
Cochrane review. They also acknowledge
the assistance of Joanne Glinsky in preparing
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This is a version of a Cochrane review, which
is available in The Cochrane Library, 2010,
issue 9 (see www.thecochranelibrary.com
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for information). A more-detailed review is
published and updated in the Cochrane
Database of Systematic Reviews.19 The re-
sults of a Cochrane review can be interpreted
differently, depending on people’s perspec-
tives and circumstances. Please consider
the conclusions presented carefully. They
are the opinions of review authors and
are not necessarily shared by The Cochrane
Collaboration.

An oral presentation of this research was
given at the Australian Physiotherapy Asso-
ciation Conference; October 1–5, 2009; Syd-
ney, New South Wales, Australia.

This article was submitted August 13, 2010,
and was accepted September 26, 2010.
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