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A B S T R A C T

Objectives: Spasticity causes significant long-term disability-burden, requiring comprehensive manage-

ment. This review evaluates evidence from published systematic reviews of clinical trials for

effectiveness of non-pharmacological interventions for improved spasticity outcomes.

Methods: Data sources: a literature search was conducted using medical and health science electronic

(MEDLINE, EMBASE, CINAHL, PubMed, and the Cochrane Library) databases for published systematic

reviews up to 15th June 2017. Data extraction and synthesis: two reviewers applied inclusion criteria to

select potential systematic reviews, independently extracted data for methodological quality using

Assessment of Multiple Systematic Reviews (AMSTAR). Quality of evidence was critically appraised with

Grades of Recommendation, Assessment, Development and Evaluation (GRADE).

Results: Overall 18 systematic reviews were evaluated for evidence for a range of non-pharmacological

interventions currently used in managing spasticity in various neurological conditions. There is

‘‘moderate’’ evidence for electro-neuromuscular stimulation and acupuncture as an adjunct therapy to

conventional routine care (pharmacological and rehabilitation) in persons following stroke. ‘‘Low’’

quality evidence for rehabilitation programs targeting spasticity (such as induced movement therapy,

stretching, dynamic elbow-splinting, occupational therapy) in stroke and other neurological conditions;

extracorporeal shock-wave therapy in brain injury; transcranial direct current stimulation in stroke;

transcranial magnetic stimulation and transcutaneous electrical nerve stimulation for other neurological

conditions; physical activity programs and repetitive magnetic stimulation in persons with MS, vibration

therapy for SCI and stretching for other neurological condition. For other interventions, evidence was

inconclusive.

Conclusions: Despite the available range of non-pharmacological interventions for spasticity, there is lack

of high-quality evidence for many modalities. Further research is needed to judge the effect with

appropriate study designs, timing and intensity of modalities, and associate costs of these interventions.
�C 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Spasticity is defined as ‘a disorder of sensorimotor control,
resulting from an upper motor neuron (UMN) lesion, presenting as
intermittent or sustained involuntary activation of muscles’ [1]. It
is characterised by increased involuntary velocity-dependent tonic
stretch reflexes (muscle tone) with exaggerated tendon jerks,
resulting from hyper-excitability of the stretch reflex [2]. Spasticity
is common following neurological insults such as stroke, multiple
sclerosis (MS), cerebral palsy (CP); or neurological trauma [such as
brain injury, spinal cord injury (SCI)]. The exact incidence of
spasticity is unknown [3], it is estimated to affect 38% of stroke
survivors after 12 months [4]; experienced by 60–90% of persons
with MS [5], 92% with primary lateral sclerosis and one in six
people with traumatic brain injury (TBI) [3]. Despite the burden of
care and significant economic implications, there is limited data on
health and/or social costs or resources needed to care for people
with spasticity [3,6,7]. The direct costs for stroke-survivors with
spasticity, is almost four times higher than their counterparts
without spasticity [7].

The clinical presentation of spasticity varies depending on the
type of injury and associated with a range of symptoms and signs
related to upper motor neuron (UMN) syndrome. The primary
feature of spasticity is hyper-excitability of muscle stretch reflexes
[2], which results in stiffness and abnormal posturing of the limb
due to net imbalance of forces between agonist and antagonist
muscles affecting static joint position and dynamic limb move-
ment [8,9]. This results in abnormal motor control and dysregula-
tion of voluntary movement, and presents as increased resistance
offered by muscles to passive stretching (lengthening) [10]. Persons
with spasticity can present with various combinations of signs,
such as: clonus, clasp-knife phenomenon, hyperreflexia, ‘Babinski’
sign, spastic dystonia, flexor and extensor spasms, etc.
[10,11]. Spasticity may also have positive effects. Some patients
may rely on spasticity to maintain function of their non-functional
limb. For example, a spastic weak limb may allow weight bearing
for transfers [12]. Spasticity can be responsible of focal impairment
(affecting a localised part of a limb), segmental, or generalised
[affecting more than one part of a limb(s)] [13].

Physical impairments from spasticity [restricted joint range of
movement (ROM), loss of dexterity, abnormal limb posture] can
lead to progressive functional limitation [mobility, transfers,
activities of daily living (ADLs)] – these impact carer burden and
quality of life (QoL) [14,15]. Spasticity can often be associated with
pain and other secondary complications (pressure areas, spasms,
contractures) [14–16]. Further, other condition-related impair-
ments such as fatigue, cognitive deficits also impact patient
function. Many surgical/orthopaedic (such as lengthening pro-
cedures, tendon transfers, tenotomy, neurectomies, rhizotomy,
peripheral neurotomy, etc.), pharmacological (such as baclofen,
tizanidine, dantrolene, benzodiazepines, gabapentin, nabiximols,
botulinum toxin) and other therapeutic interventions are used to
manage spasticity in clinical setting, either individually or in
combination [17–20]. Pharmacological agents can be associated
with systemic side-effects (drowsiness, cognitive impairment)
[17,20]. Neurosurgical procedures are considered for severe
spasticity following the failure of pharmacological and/or non-
pharmacological management [21]. Stand-alone pharmacological
and surgical management of spasticity is not recommended,
treatments are used in combination with other therapeutic
modalities, encompassing an interdisciplinary rehabilitation ap-
proach [12,21].

In recent years, a range of non-pharmacological interventions
has been used to manage spasticity. These include: physical
interventions (stretching, passive movements); transcutaneous
electric nerve stimulation (TENS); transcranial direct current
stimulation (tDCS); shock wave; vibratory stimulation (whole-
body vibration); electromyography biofeedback; repetitive trans-
cranial magnetic stimulation (TMS); therapeutic ultrasound;
acupuncture; orthotics (splints, casts), thermotherapy, cryothera-
py and others [14,15,22–30]. Various individual systematic
reviews evaluate the effectiveness of these interventions, for
example, physical activity [22,28], neuromuscular electrostimula-
tion [29,30], acupuncture [24,26,31]. These reviews, however, vary
in quality, scope and methodology, and at times report diverse
findings. A systematic review of ‘‘systematic reviews’’ is a new
approach to assemble current evidence across the same or very
similar interventions, to provide synthesis of treatment effect in a
much broader concept. The aim is to comprehensively synthesise
evidence to establish benefit and harm associated with the
interventions to guide treating clinicians [32,33]. This review,
therefore, systematically evaluates evidence from published
systematic reviews of clinical trials to determine effectiveness
for a range of non-pharmacological modalities for spasticity in
people with various neurological conditions.

2. Method

A comprehensive search of prominent health-science databa-
ses: Cochrane Library database (including DARE), MEDLINE,
CINHAL, EMBASE and PubMed was undertaken till 15th June
2017 for systematic reviews evaluating non-pharmacological
interventions currently used in management of spasticity. The
search strategy included combinations of multiple search terms for
two themes: spasticity and interventions (non-pharmacological)
(Appendix 1). Manual search of reference lists of potential articles
and most relevant journals for additional references were
conducted. Authors and known experts in the field for further
information were contacted. Further, search of grey literature
conducted using different Internet search engines and websites:
such as System for Information on Grey Literature in Europe; New
York Academy of Medicine Grey Literature Collection, National
Quality Measures Clearinghouse and Google Scholar. In addition,
various healthcare institutions; and governmental and non-
governmental organisations associated with management of
different neurological conditions specific to spasticity were
explored.

The inclusion criteria were: systematic reviews/meta-analyses
that evaluated and defined non-pharmacological interventions
(uni- and/or multi-disciplinary) aimed at reducing spasticity;
reported a systematic electronic search of literature for a defined
period; reviews conducted in adult population (� 18 years) and
published in English. Also, systematic review/meta-analysis evalu-
ating non-pharmacological interventions after concomitant phar-
macological/surgical interventions were included. The exclusion
criteria included: reviews evaluating pharmacological, surgical
intervention or diagnostic procedures, non-English reviews, theses,
narrative reviews and reviews listed only in conference proceedings.

2.1. Study selection and data extraction

Based on selection criteria two authors (BA, FK) independently
screened and shortlisted all abstracts and titles of reviews
identified by the search strategy. Both authors evaluated each
study abstract from the searched list independently, and full text of
all potential articles was obtained for assessment to determine
whether the article met the inclusion/exclusion criteria. Any
disagreement regarding the possible inclusion/exclusion of any
individual study was resolved with the discussion with the third
Author (DB) and by a final group consensus. Standard pro-forma
was used for data extraction from all reviews, which included:
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Fig. 1. PRISMA flow diagram showing selection of reviews.
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publication and search date, objectives, characteristics of included
studies and study subjects, intervention, findings and limitations. Any
discrepancies were resolved by all authors re-reviewing the study.

2.2. Assessment of methodological quality of included studies

The methodological quality of included reviews was assessed
using Assessment of Multiple Systematic Reviews (AMSTAR)
appraisal tool by two reviewers (BA, FA) independently [34]. The
AMSTAR, an 11-question tool (Appendix 2), is widely used in
literature and has acceptable inter-rater agreement, construct validity
and feasibility [35]. In addition, the Grade of Recommendation,
Assessment, Development and Evaluation (GRADE) tool was used to
assess quality of evidence for each type of intervention on 4-point
scale (high, moderate, low and very low quality) [36]. Any
discrepancies were resolved by a final consensus amongst all authors.

3. Results

The searches identified 193 published reviews evaluating non-
pharmacological interventions currently used in management of
spasticity in different conditions. After screening the titles and
removal of duplicates, 76 reviews met abstract inclusion criteria
and were selected for closer scrutiny. Full texts of these articles
were retrieved and both reviewers performed the final selection.
One review that met the inclusion criteria was identified from
bibliographies of relevant articles. Overall 18 systematic review/
meta-analyses: 4 published in Cochrane Library database and
14 published in other academic journals, were included. These
reviews were conducted in various neurological cohorts: 6 in
stroke, one each in MS, brain injury and SCI; and 9 in mixed or other
neurological cohorts. A PRISMA of the study selection process is
provided in Fig. 1.

3.1. Quality of the systematic reviews

Table 1 provides the results of the AMSTAR quality assessment.
There was marked heterogeneity amongst the included reviews in
terms of methodological quality and risk of bias assessment
methods. The kappa level of agreement between authors for
AMSTAR assessment was 0.86. The overall mean AMSTAR
methodological quality score for included systematic reviews



Table 1
Quality assessment (AMSTAR) of included systematic reviews.

Author year AMSTAR Criterionsa

1 2 3 4 5 6 7 8 9 10 11 Total

Stroke

Cai et al., 2017 [24] N Y Y Y N Y Y Y Y Y N 9

Lim et al., 2015 [26] N Y Y Y N Y Y Y Y Y N 9

Park et al., 2014 [31] N Y Y N N Y Y Y Y N N 7

Demetrios et al., 2015 [15] Y Y Y Y Y Y Y Y Y Y N 10

Elsner et al., 2016 [25] N Y Y N N Y Y Y Y N N 6

Stein et al., 2015 [30] Y Y Y Y N Y Y Y Y Y N 10

MS

Amatya et al., 2013 [14] Y Y Y Y Y Y Y Y Y Y N 10

Brain injury

Lee et al., 2014 [38] N Y Y N N Y N N Y Y N 5

SCI

Sadeghi & Sawatzky 2014 [39] N Y Y N N Y Y Y N N N 5

Mixed Neurological Conditions

Harvey et al., 2017 [40] Y Y Y Y Y Y Y Y Y Y N 10

Katalinic et al., 2011 [41] Y Y Y Y UA Y Y Y Y Y N 10

Bovend’Eerdt et al., 2008 [22] N Y Y N N Y Y Y Y N N 6

Prabhu et al., 2003 [28] Y Y Y Y Y Y Y Y Y Y N 10

Huang et al., 2017 [42] N Y Y N N Y Y Y Y N N 7

Intiso et al., 2016 [43] N Y Y N N Y Y Y Y Y N 7

Korzhova et al., 2016 [27] N Y N N N Y N N Y N N 3

Mills & Dossa 2016 [37] N Y Y N N N Y UA N N N 3

Kinnear et al., 2015 [23] UA Y Y Y N Y Y Y Y Y N 9

Y = Yes, criteria met (1 point); N = No, criteria not met (0 points); UA = unable to

answer (0 points); NA = Not Applicable (0 points); MS = Multiple sclerosis;

SCI = Spinal cord injury.
a Assessment of Multiple Systematic Reviews (AMSTAR) criterions [34], please

refer to Appendix 2.
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was 7.6 (standard deviation: 2.4) and ranged from 3–10 out of
11. The quality of the included systematic reviews was mixed:
2 reviews were of low quality (i.e. AMSTAR scores between 0–4),
7 moderate quality (5–8), and 9 of high quality (9–11).

All reviews except one performed comprehensive literature
search of medical science databases, however, only half of
the reviews included a grey literature search. Majority of the
included reviews, except Cochrane and related reviews had
published a priori protocols or provided a list of excluded studies.
All reviews, except two, assessed the scientific quality of the
included primary studies using validated tools: ten used
Cochrane Risk of Bias Tool, 4 used PEDro. Although 6 reviews
provided their funding sources, none of the reviewers addressed
the potential competing interests of authors of the primary studies
(Table 1).

3.2. Evidence synthesis of non-pharmacological interventions

The existing best-evidence synthesis for non-pharmacological
interventions for the management of spasticity in different
neurological conditions are summarised below and in Table 2.

3.2.1. Stroke

Six reviews investigated effects of non-pharmacological inter-
ventions on spasticity in stroke survivors. Three reviews evaluated
acupuncture (including electro-acupuncture) [24,26,31], two
electrical stimulation [25,30] and one MD rehabilitation after
BoNT injections [15].

The findings on effectiveness of acupuncture for spasticity in
stroke survivors were mixed. One review reported electro-
acupuncture having a beneficial effect as an adjunct therapy with
conventional routine care (pharmacological and rehabilitation) in
reducing spasticity (both upper and lower limbs); improvement in
overall motor function and activities of daily living [24]. Another
meta-analysis showed both acupuncture or electro-acupuncture
significantly decreased wrist, knee, and elbow spasticity in stroke
patients [26]. However, the third meta-analysis found no effect of
acupuncture on improving clinical outcomes, including spasticity
[31]. There was marked heterogeneity amongst the included
studies in the three reviews, in terms of study quality, control, acu-
points, and the patient population [26,31]. The studies included in
all three systematic reviews had small sample sizes and were of
‘low’ quality methodologically. Further, the studies overlapped
amongst the three reviews, and participants were restricted to
Chinese population, making generalisability of results to other
populations questionable [24].

Neuromuscular electrical stimulation provided with other
interventions showed significant reduction in spasticity [standard
mean difference (SMD) = �0.30, 95% confidence interval
(95%CI) = �0.58 to �0.03], and increase in ROM when compared
with control group [SMD = 2.87, 95%CI = 1.18–4.56] [30]. The
findings, however, were based on small number of studies and
participants [30]. Another meta-analysis reported no beneficial
effect of transcranial direct current stimulation (tDCS) on
improving spasticity after stroke [25].

Demetrios et al. assessed the effectiveness of MD rehabilitation,
following BoNT and other focal intramuscular treatments in post-
stroke spasticity [15]. The authors reviewed trials, which included:
modified Constraint-induced Movement therapy (mCIMT), task
practice therapy with cyclic Functional Electrical Stimulation (FES)
and occupational, manual therapy with dynamic elbow extension
splinting. There was ‘‘low quality’’ evidence for mCIMT improving
spasticity and upper limb motor function and ‘‘very low quality’’
evidence for dynamic elbow splinting and OT for improving elbow
ROM [15].

3.2.2. Multiple sclerosis

Despite availability of wide range of interventions to treat
spasticity in MS, only one systematic review assessed the
effectiveness of various non-pharmacological interventions
[14]. The interventions evaluated include: physical activity
programs (physiotherapy, structured exercise programs, sports
climbing); transcranial magnetic stimulation [Intermittent Theta
Burst Stimulation (iTBS), Repetitive Transcranial Magnetic Stimu-
lation (rTMS)]; electromagnetic therapy (pulsed electromagnetic
therapy; magnetic pulsing device), TENS; and Whole-Body
Vibration. The reviewers found ‘‘low level’’ evidence for physical
activity programs used in isolation or in combination with other
interventions (pharmacological or non-pharmacological), and for
magnetic stimulation (iTBS/rTMS) with or without adjuvant
exercise therapy in improving spasticity in adults with MS
[14]. There was no evidence for other interventions.

3.2.3. Brain injury

Lee et al., in a meta-analysis, assessed effects of extracorporeal
shock wave therapy on reducing spasticity in persons with any
type of brain injury [38]. They report positive effect of extracorpo-
real shock wave therapy immediately after the intervention
(SMD = �0.792; 95%CI = �1.001 to �0.583) and after 4-week post
intervention (SMD = �0.735; 95%CI = �0.951 to �0.519) [38]. The
authors [38], however, suggest cautious interpretation of results
due to challenges in reliable spasticity assessment methods,
standardization of treatment protocols (including treatment
intervals and intensities).

3.2.4. Spinal cord injury (SCI)

One systematic review evaluated effectiveness of whole-
body vibration or focal vibration on spasticity in individuals
with SCI [39]. The reviewers report some beneficial effects of
both vibration therapies in spasticity reduction for a short



Table 2
Systematic reviews evaluating non-pharmacological interventions in management of spasticity in different neurological conditions.

Author and year Intervention No. of included studies Total no. of participants Main results/findings Meta-analysis Quality of

evidence (GRADE)a

Stroke

Cai et al., 2017 [24] Electro-acupuncture 22 RCTs

Search date: to September 2016

n = 1425 Moderate level evidence for electro-

acupuncture combined with

conventional routine care

(pharmacological and rehabilitation) in

reduction in UL & LL spasticity,

improved overall motor function, ADLs

Yes Moderate

Lim et al., 2015 [26] Acupuncture 5 RCTs

Search date: 30 July 2013

n = 291 Moderate level evidence for

acupuncture or electro-acupuncture

reduction in spasticity (wrist, knee, and

elbow)

Yes Low

Park et al., 2014 [31] Acupuncture 8 RCTs

Search date: 1990 to August 2009

n = 399 No evidence in reduction in spasticity Yes Low

Demetrios et al., 2015 [15] Multidisciplinary

rehabilitation

3 RCTs

Search date: 10 October 2012

n = 91 following BoNT-A &

other focal intramuscular

treatments

Low level evidence for mCIMT

improving UL spasticity & motor

function in chronic stroke survivors up

to six months

Limited evidence for dynamic elbow

splinting & OT reducing elbow ROM at

14 weeks

No evidence for task practice therapy

with cyclic FES in improving UL

function at 12 weeks

No Low

Elsner et al., 2016 [25] tDCS 5 RCTs

Search date: 6 January 2016

n = 315 Moderate to low level evidence for no

effect of tDCS on improving UL

spasticity. No evidence for long-term

effect of tDCS on improving spasticity

No Low

Stein et al., 2015 [30] NMES 29 RCTs

Search date: February 2015

n = 940 Moderate level evidence for NMES

combined with other modalities in

improving spasticity & joint ROM

Yes Moderate

MS

Amatya et al., 2103 [14] Spasticity management

interventions

9 RCTs

Search date: from 1996 to June 2012

n = 341 MS Low level evidence for physical activity

programs used in isolation or in

combination with other interventions

(pharmacological or non-

pharmacological); for repetitive

magnetic stimulation with or without

adjuvant exercise therapy in improving

spasticity

No Low

Brain injury

Lee et al., 2014 [38] Extracorporeal Shock

Wave Therapy (ESWT)

5 RCTs,

Search date: June 2013

n = 117 (80 = stroke, 37 = CP) Low level evidence for ESWT in

improving spasticity immediately after

intervention & at four weeks post-

intervention

Yes Low

SCI

Sadeghi & Sawatzky 2014 [39] Vibration

(WBV or FV)

10 trials (different design)

Search date: up to March 2011

n = 195 Low level evidence for FV in a short-

term spasticity reduction lasting 24 hrs

and for WBV in a decrease in spasticity

lasting for 6-8 days post-intervention

No Low

Mixed Neurological Conditions

Harvey et al., 2017 [40] Stretching 7 RCTS

Search date: November 2015

n = 159 Inconclusive evidence in the short- or

long-term beneficial effect on spasticity

in people with neurological conditions

No Low

Katalinic et al., 2011 [41] Stretching 25 RCTs

Search date: up to June 2010

n = 721 with

neurological conditions

No evidence for beneficial effect of

stretching on spasticity

Yes Low
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Table 2 (Continued )

Author and year Intervention No. of included studies Total no. of participants Main results/findings Meta-analysis Quality of

evidence (GRADE)a

Bovend’Eerdt et al., 2008 [22] Stretching 21 trials (including 10 RCTs)

Search date: January 2007

n = 428 (322 = stroke,

46 = MS, 27 = SCI, 33 = other)

Inconclusive evidence for spasticity No Low

Prabhu et al., 2003 [28] Passive movement 2 RCT Search date: 21 November 2013 n = 122 Inconclusive evidence for passive

movement for treatment of spasticity

No Very Low

Huang et al., 2017 [42] WBV 9 RCTs

Search date: up to August 2015

n = 266 (4 stroke, 3 CP,

1 MS, 1 spinocerebellar

ataxia)

Limited evidence on reducing LL

spasticity in persons with CP

Inconclusive evidence in other

neurological conditions

No Low

Intiso et al., 2016 [43] ES 15 RCTs

Search date: January 1966 to January 2016

n = 504 Moderate level evidence for ES as an

adjunctive therapy to BoNT-A

Yes Low

Korzhova et al., 2016 [27] TMS 6 RCTs (overall 26 RCTs)

Search date: 1966 to March 2006

n = 149 No evidence for TMS spasticity in stroke

patients

Limited evidence for TMS on improved

spasticity in SCI

Yes Low

Mills & Dossa 2016 [37] TENS 14 RCTs (8 stroke, 3 SCI, 2 MS, 1 mixed)

Search date: up July 2015

n = 544 Limited evidence for short-term

improvement for different neurological

conditions including stroke, SCI, MS

No Low

Kinnear et al., 2015 [23] Rehabilitation program 11 RCTs

Search date: 2000 to October 2013

n = 234 Moderate level evidence that

combination of stretch therapies and

BoNT-A are more effective than the use

of BoNT-A alone

Limited evidence for electrical

stimulation, constraint-induced

movement therapy on improved

spasticity

Yes Low

ADL = activities of daily living; BoNT-A = Botulinum toxin-A; CP = cerebral palsy; ES = electrical stimulation; FES = functional electrical stimulation; FV = focal vibration; LL = lower limb; MS = multiple sclerosis; mCIMT = modified

constraint-induced movement therapy; NMES = neuromuscular electric stimulation; OT = occupational therapy; PT = physical therapy; RCT = randomised controlled trial; ROM = range of motion; SCI = spinal cord injury; TENS:

transcutaneous electrical nerve stimulation, tDCS = transcranial direct current stimulation; UL = upper limb; WBV = whole body vibration.
a GRADE = Grade of Recommendation, Assessment, Development and Evaluation Working Group grades of evidence: high quality: further research is very unlikely to change our confidence in the estimate of effect; moderate

quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality: further research is very likely to have an important impact on our confidence in

the estimate of effect and is likely to change the estimate; very low quality: we are very uncertain about the estimate.
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period. However, these findings were tentative due to lack of
robust studies and there were no recommendations using
vibration to guide clinicians [39].

3.2.5. Mixed neurological conditions

Stretching is commonly used as therapeutic modalities for
spasticity and prevention of contractures. Three systematic
reviews [22,40,41] evaluated effects of stretching on spasticity
(and contractures) in different neurological cohorts. All three
reviews found inconclusive results with no evidence for short- or
long-term effects of stretch on spasticity. Prabhu et al. investigated
the effectiveness of passive movements in persons with contrac-
tures and evaluated spasticity as a primary outcome. There was no
evidence to support use of passive stretch for reduction in
spasticity [28]. Another review examined effects of Whole-Body
Vibration (WVB) on spasticity amongst people with various
neurological conditions and found no evidence to support WVB
for spasticity [42].

Three reviews evaluated different forms of electrical stimula-
tion [27,37,43] for spasticity. Intiso et al. investigated effectiveness
of electrical stimulation as an adjunct to BoNT-A in
reducing spasticity in adults [43]. They report that electrical
stimulation reduces spasticity, and may boost action of BoNT-A
therapy. Korzhova et al. evaluated rTMS in treatment of
spasticity with some beneficial effect in patients with SCI, but
not in stroke patients [27]. Another review summarized
the effect of TENS for management of limb spasticity. Although
‘‘some’’ evidence for TENS in improving spasticity was
reported, evidence was insufficient to support TENS as an adjunct
therapy to active therapies (such as BoNT-A, physical therapy, etc.)
[27,37,43].

4. Discussion

This review systematically analyses evidence from published
systematic reviews to date for the effectiveness of non-pharmaco-
logical interventions in the management of spasticity in different
neurological conditions. Overall, 18 systematic reviews/meta-anal-
yses were evaluated for outcome data specific to spasticity. The
findings indicate that, though a broad range of non-pharmacological
approaches are trialled for spasticity in different neurological cohorts,
high-quality evidence for effectiveness of these modalities is limited.
The overall findings of this review suggest:
� M
oderate quality evidence for:
� electro-acupuncture combined with conventional routine

care (pharmacological/rehabilitation) in reducing spasticity,
improvement in overall motor function and ADLs in persons
with stroke,

� Neuromuscular electric stimulation combined with other
interventions in improvement in spasticity and joint ROM in
stroke survivors;
� L
ow quality evidence for:
� rehabilitation programs targeting spasticity (such as mCIMT;

stretching, dynamic elbow splinting and OT, electrical
stimulations, etc.) in stroke and other neurological conditions,

� extracorporeal shock wave therapy for limited improvement
in spasticity immediately after and at four weeks post-
intervention in brain injury,

� electrical stimulation therapy: tDCS in stroke patient; TMS
and TENS for other neurological conditions,

� physical activity programs and repetitive magnetic stimula-
tion in MS,

� vibration therapy for SCI and other neurological conditions,
� stretching for neurological conditions;
� V
ery low evidence for: passive movement in neurological
conditions.

The methodological quality and evidence in the systematic
reviews varied as shown by the range of AMSTAR scores. Overall,
half the included reviews were of high methodological quality. Due
to variation in standard of reporting, non-Cochrane reviews scored
significantly lower compared with those published in the Cochrane
Library. None of the non-Cochrane reviews published protocols nor
provided explicit list of excluded studies, therefore, none fulfilled
the first and fifth criterions of the AMSTAR tool (Appendix 2).
Surprisingly, none met the AMSTAR criterion 11, even though the
reviewers declared their own conflicts of interest, none systemati-
cally reported author conflict of interest for included trials.
Majority of the included reviews used Cochrane risk of bias tool,
followed by PEDro tools to evaluate methodological quality of
included studies. In addition, the terminology and definitions used
for ‘‘spasticity’’ were inconsistent amongst the reviews, and many
used multiple terms such as ‘‘hypertonicity’’, ‘‘tone’’, ‘‘dystonia’’
and/or ‘‘spasticity’’. Three reviews on stretching and passive
movements evaluated interventions aiming to reduce and prevent
‘‘contracture’’, and included spasticity as one of the outcome
measures [28,40,41].

Spasticity is a complex disorder and has significant clinical
importance. Evaluating and treating the patient with spasticity can
be difficult, and what, which intervention, when to provide best
clinical modality and in which dose/intensity have been debated
[12]. This is consistent with the findings of this review, indicating
array of treatment choices for the clinicians. There are still
significant challenges in applying the existing evidence in clinical
practice, mainly due to interaction of spasticity with other
components of the UMN syndrome and heterogeneous patient
population with varied and unpredictable clinical presentations,
and lack of evidence for ideal patient selection criteria for
spasticity management [15]. There is a need for comprehensive
MD neuro-rehabilitation programs to prospectively specify treat-
ment goals (including patients’ perspectives) and rationalize the
possible benefits of treatment with the risks [12,20,44]. The goals
aim to improve patient function and participation with emphasis
on patient education and self-management [14,15]. Despite,
reported beneficial effects of some of the non-pharmacological
interventions [14,45], optimal timing, type, duration and intensity
of therapy remain poorly defined. At times, many interventions are
difficult to characterise and standardise. In general comprehensive
spasticity management programs should comprise a series of
individualized and goal-oriented therapies tailored for specific
patient needs [14,33,46].

Spasticity is difficult to quantify and the various current tools
for assessment can be ambiguous in terms of what is being treated
and measured [47,48]. Commonly used generic scales (such as
Functional Independence Measure, Barthel Index) are not sensitive
enough to measure the effects of treatment on spasticity [20]. The
common measures used are: Ashworth Scale [49], the Modified
Ashworth Scale [50,51] and Tardieu scales [52], but these ordinal
scales quantify the resistance of spastic muscles to passive
movement, as perceived by the examiner [53,54]. Many argue
that these scales do not provide sufficient information and the
reliability and validity of these has been questioned in clinical
practice [54–56]. Other condition-specific measures with similar
limitations include: Multiple Sclerosis Spasticity Scale (MSSS-88)
[5] and Triple Spasticity Scale (TSS) for stroke. Some of the new
instrumented techniques for clinical gait analysis, powered
systems can be useful in assessing spasticity with greater
reliability and precision of measurement [57].

With varying patterns and problems from spasticity, treatment
should be initiated after rigorous assessment (intensity, distribu-
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tion and impact on patient function) [20]. Expert consensus
suggests that interventions should be considered when level of
spasticity interferes with patient’s daily activities, by setting up
patient-centred goals collaboratively with patients, their carers’
and the treating team [14,15,20]. The existing clinical practice
guidelines and consensus statements on spasticity management
recommend an interdisciplinary holistic model of care [58–60], but
uptake of this integrated approach is far from universal. Further,
these recommendations are based on expert opinion rather than
formal research evidence [15]. Therefore, there is need for
evidence-based approach employed in this review which allows
findings from more than one systematic review to be compared
and contrasted, thereby providing a comprehensive summary of
evidence at a variety of levels, including the combination of
different interventions, or the provision of summary of evidence on
different outcomes or problems [32].

4.1. Study limitations

This review has several limitations in terms of methodology and
completeness of the literature retrieval. First, the search encom-
passed only published literature in specific searched health-
science databases, which may have missed other possible relevant
articles from other sources. Second, only bibliography of relevant
reviews were scrutinised, which may introduce a reference bias.
However, most prominent databases in medical literature and grey
literature were searched using comprehensive search terms to
capture the widest possible selection of relevant reviews. Third,
there are certain limitations of the tools used to assess the
methodology (AMSTAR) and quality of evidence (GRADE) for
included reviews. However, these are widely used validated tools,
and appraising the tools was beyond the scope of this review. Two
included reviews were from our own research group (both from
the Cochrane Library). The independence of assessors’ assessments
therefore could not be guaranteed. However, the appraisals of
these two reviews are consistent with other similar included reviews
and are valid. It was not possible to evaluate adverse events related to
the interventions, as reporting in the included reviews was often
incomplete and/or inconsistent. None of the trials reported associated
costs or economic-benefit of interventions.

5. Conclusion

Spasticity management continues to be challenging. There is
increasing awareness of the contribution of non-pharmacological
interventions in early and long-term spasticity care. Despite the
range of non-pharmacological interventions in use, evidence for
many is still unclear. Although, there are gaps in literature, the
findings from this review suggest an integrated MD goal-centered
management approach is essential to providing a long-term,
comprehensive care for spasticity. More research is needed to build
evidence for types of non-pharmacological therapy components,
modalities, duration and setting of therapy. Future research should
focus on interventions that can be integrated into MD programs to
develop effective care-pathways and long-term functional outco-
mes; to engage, educate, and empower patients.
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Appendix 1. Keywords used for search

Theme 1. Spasticity
spasm, muscle spasticity, spasticity, muscular spasm, spastic,

spastic paretic syndrome, spasticism, hypertonia
Theme 2. Non-pharmacological intervention
rehabilitation, ambulatory care, patient care team, multidisci-

plinary/integrated team, physical therapy modalities, physiother-
apy, exercise therapy, massage, stretching, passive movement,
stretching, static positioning; occupational therapy, acupuncture,
social work, orthotics, casting, neurodevelopmental treatment,
hydro/pool therapy, thermotherapy, assistive technology device,
electromagnetic therapy, nerve stimulation, vibration therapy,
cryotherapy, shock waves, therapeutic ultrasound, psychological
and educational interventions, vocational rehabilitation
Appendix 2. Table 1 Assessment of Multiple Systematic Reviews
(AMSTAR) criterions

Was an ‘‘a priori’’ design provided?

Was there duplicate study selection and data extraction?

Was a comprehensive literature search performed?

Was the status of publication (i.e. grey literature) used as an inclusion

criterion?

Was a list of studies (included and excluded) provided?

Were the characteristics of the included studies provided?

Was the scientific quality of the included studies assessed and documented?

Was the scientific quality of the included studies used appropriately in

formulating conclusions?

Were the methods used to combine the findings of studies appropriate?

Was the likelihood of publication bias assessed?

Was the conflict of interest stated?

Each AMSTAR criterion is scored as:
Y = Yes, criteria met
N = No, criteria not met
UA = unable to answer
NA = Not Applicable

References

[1] Pandyan AD, Gregoric M, Barnes MP, Wood D, Van Wijck F, Burridge J, et al.
Spasticity: clinical perceptions, neurological realities and meaningful mea-
surement. Disabil Rehabil 2005;27:2–6.

[2] Lance JW. The control of muscle tone, reflexes, and movement: Robert War-
tenberg lecture. Neurology 1980;30:1303–13.

[3] Martin A, Abogunrin S, Kurth H, Dinet J. Epidemiological, humanistic, and
economic burden of illness of lower limb spasticity in adults: a systematic
review. Neuropsychiatr Dis Treat 2014;10:111–22.

[4] Watkins CL, Leathley MJ, Gregson JM, Moore AP, Smith TL, Sharma AK.
Prevalence of spasticity post stroke. Clin Rehabil 2002;16:515–22.

[5] Hobart JC, Riazi A, Thompson AJ, Styles IM, Ingram W, Vickery PJ, et al. Getting
the measure of spasticity in multiple sclerosis: the Multiple Sclerosis Spastici-
ty Scale (MSSS-88). Brain 2006;129:224–34.

[6] Esquenazi A. The human and economic burden of poststroke spasticity and
muscle overactivity. J Clin Outcomes Manag 2011;18:607–14.

[7] Lundstrom E, Smits A, Borg J, Terent A. Four-fold increase in direct costs of
stroke survivors with spasticity compared with stroke survivors without
spasticity: the first year after the event. Stroke 2010;41:319–24.

http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0305
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0305
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0305
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0310
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0310
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0315
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0315
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0315
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0320
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0320
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0325
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0325
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0325
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0330
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0330
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0335
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0335
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0335


F. Khan et al. / Annals of Physical and Rehabilitation Medicine 62 (2019) 265–273 273
[8] Gracies JM. Pathophysiology of impairment in patients with spasticity and use
of stretch as a treatment of spastic hypertonia. Phys Med Rehabil Clin N Am
2001;12:747–68.

[9] Sheean G. Pathophysiology of spasticity. In: Sheean G, editor.
Spasticity Rehabilitation. London: Churchill Communications Europe Ltd;
1998. p. 17–38.

[10] Mukherjee A, Chakravarty A. Spasticity mechanisms – for the clinician. Front
Neurol 2010;1:149.

[11] Ivanhoe CB, Reistetter TA. Spasticity: the misunderstood part of the upper
motor neuron syndrome. Am J Phys Med Rehabil 2004;83:S3–9.

[12] Dromerick AW. Clinical features of spasticity and principles of treatment. In:
Gelber DA, Jeffery DR, editors. Clinical evaluation and management of spas-
ticity. New York: Humana Press; 2002.

[13] Rehabilitation Medicine Society of Australia and New Zealand, (RMSANZ).
Position statement on the therapeutic use of Botulinum Toxin in rehabilitation
medicine for spasticity and dystonia. Cairns Queensland: RMSAZ; 2017.

[14] Amatya B, Khan F, La Mantia L, Demetrios M, Wade DT. Non pharmacological
interventions for spasticity in multiple sclerosis. Cochrane Database Syst Rev
2013;CD740099.

[15] Demetrios M, Khan F, Turner-Stokes L, Brand C, McSweeney S. Multidisciplin-
ary rehabilitation following botulinum toxin and other focal intramuscular
treatment for post-stroke spasticity. Cochrane Database Syst Rev
2013;CD890096.

[16] Phadke CP, Ismail F, Boulias C, Gage W, Mochizuki G. The impact of post-stroke
spasticity and botulinum toxin on standing balance: a systematic review.
Expert Rev Neurother 2014;14:319–27.

[17] Lindsay C, Kouzouna A, Simcox C, Pandyan AD. Pharmacological interventions
other than botulinum toxin for spasticity after stroke. Cochrane Database Syst
Rev 2016;10:CD010362.

[18] McIntyre A, Lee T, Janzen S, Mays R, Mehta S, Teasell R. Systematic review of
the effectiveness of pharmacological interventions in the treatment of spas-
ticity of the hemiparetic lower extremity more than six months post stroke.
Top Stroke Rehabil 2012;19:479–90.

[19] Otero-Romero S, Sastre-Garriga J, Comi G, Hartung HP, Soelberg Sorensen P,
Thompson AJ, et al. Pharmacological management of spasticity in
multiple sclerosis: systematic review and consensus paper. Mult Scler
2016;22:1386–96.

[20] Yelnik AP, Simon O, Bensmail D, Chaleat-Valayer E, Decq P, Dehail P, et al. Drug
treatments for spasticity. Ann Phys Rehabil Med 2009;52:746–56.

[21] Lazorthes Y, Sol JC, Sallerin B, Verdie JC. The surgical management of spasticity.
Eur J Neurol 2002;9:35–41 [dicussion 53–61].

[22] Bovend’Eerdt TJ, Newman M, Barker K, Dawes H, Minelli C, Wade DT. The
effects of stretching in spasticity: a systematic review. Arch Phys Med Rehabil
2008;89:1395–406.

[23] Kinnear BZ, Lannin NA, Cusick A, Harvey LA, Rawicki B. Rehabilitation thera-
pies after botulinum toxin-A injection to manage limb spasticity: a systematic
review. Phys Ther 2014;94:1569–81.

[24] Cai Y, Zhang CS, Liu S, Wen Z, Zhang AL, Guo X, et al. Electro-acupuncture for
post-stroke spasticity: a systematic review and meta-analysis. Arch Phys Med
Rehabil 2017.

[25] Elsner B, Kugler J, Pohl M, Mehrholz J. Transcranial direct current stimulation
for improving spasticity after stroke: a systematic review with meta-analysis. J
Rehabil Med 2016;48:565–70.

[26] Lim SM, Yoo J, Lee E, Kim HJ, Shin S, Han G, et al. Acupuncture for spasticity
after stroke: a systematic review and meta-analysis of randomized controlled
trials. Evid Based Complement Alternat Med 2015;2015:870398.

[27] Korzhova J, Sinitsyn D, Chervyakov A, Poydasheva A, Zakharova M, Suponeva
N, et al. Transcranial and spinal cord magnetic stimulation in treatment
of spasticity. A literature review and meta-analysis. Eur J Phys Rehabil Med
2016.

[28] Prabhu RK, Swaminathan N, Harvey LA. Passive movements for the
treatment and prevention of contractures. Cochrane Database Syst Rev
2013;CD009331.

[29] Price CI, Pandyan AD. Electrical stimulation for preventing and treating post-
stroke shoulder pain. Cochrane Database Syst Rev 2000;CD001698.

[30] Stein C, Fritsch CG, Robinson C, Sbruzzi G, Plentz RD. Effects of electrical
stimulation in spastic muscles after stroke: systematic review and meta-
analysis of randomized controlled trials. Stroke 2015;46:2197–205.

[31] Park SW, Yi SH, Lee JA, Hwang PW, Yoo HC, Kang KS. Acupuncture for the
treatment of spasticity after stroke: a meta-analysis of randomized controlled
trials. J Altern Complement Med 2014;20:672–82.

[32] Smith V, Devane D, Begley CM, Clarke M. Methodology in conducting a
systematic review of systematic reviews of healthcare interventions. BMC
Med Res Methodol 2011;11:15.

[33] Khan F, Amatya B. Rehabilitation in multiple sclerosis: a systematic review of
systematic reviews. Arch Phys Med Rehabil 2017;98:353–67.
[34] Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, et al.
Development of AMSTAR: a measurement tool to assess the methodological
quality of systematic reviews. BMC Med Res Methodol 2007;7:10.

[35] Shea BJ, Bouter LM, Peterson J, Boers M, Andersson N, Ortiz Z, et al. External
validation of a measurement tool to assess systematic reviews (AMSTAR). PLoS
One 2007;2:e1350.

[36] Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J, et al. V
GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol
2011;64:401–6.

[37] Mills PB, Dossa F. Transcutaneous electrical nerve stimulation for manage-
ment of limb spasticity: a systematic review. Am J Phys Med Rehabil
2016;95:309–18.

[38] Lee JY, Kim SN, Lee IS, Jung H, Lee KS, Koh SE. Effects of extracorporeal shock
wave therapy on spasticity in patients after brain injury: a meta-analysis. J
Phys Ther Sci 2014;26:1641–7.

[39] Sadeghi M, Sawatzky B. Effects of vibration on spasticity in individuals with
spinal cord injury: a scoping systematic review. Am J Phys Med Rehabil
2014;93:995–1007.

[40] Harvey LA, Katalinic OM, Herbert RD, Moseley AM, Lannin NA, Schurr K.
Stretch for the treatment and prevention of contractures. Cochrane Database
Syst Rev 2017;1:CD007455.

[41] Katalinic OM, Harvey LA, Herbert RD. Effectiveness of stretch for the treatment
and prevention of contractures in people with neurological conditions: a
systematic review. Phys Ther 2011;91:11–24.

[42] Huang M, Liao LR, Pang MY. Effects of whole body vibration on muscle
spasticity for people with central nervous system disorders: a systematic
review. Clin Rehabil 2017;31:23–33.

[43] Intiso D, Santamato A, Di Rienzo F. Effect of electrical stimulation as an adjunct
to botulinum toxin type A in the treatment of adult spasticity: a systematic
review. Disabil Rehabil 2016;1–11.

[44] Beard S, Hunn A, Wight J. Treatments for spasticity and pain in multiple
sclerosis: a systematic review. Health Technol Assess 2003;7:1–111.

[45] Naro A, Leo A, Russo M, Casella C, Buda A, Crespantini A, et al. Breakthroughs in
the spasticity management: are non-pharmacological treatments the future? J
Clin Neurosci 2017;39:16–27.

[46] Dejong G, Horn SD, Gassaway JA, Slavin MD, Dijkers MP. Toward a taxonomy of
rehabilitation interventions: using an inductive approach to examine the
‘‘black box’’ of rehabilitation. Arch Phys Med Rehabil 2004;85:678–86.

[47] Bakheit AM, Fheodoroff K, Molteni F. Spasticity or reversible muscle hyperto-
nia? J Rehabil Med 2011;43:556–7.

[48] Malhotra S, Pandyan AD, Day CR, Jones PW, Hermens H. Spasticity, an
impairment that is poorly defined and poorly measured. Clin Rehabil
2009;23:651–8.

[49] Ashworth B. Preliminary trial of carisoprodol in multiple sclerosis. Practitioner
1964;192:540–2.

[50] Ansari NN, Naghdi S, Mashayekhi M, Hasson S, Fakhari Z, Jalaie S. Intra-rater
reliability of the Modified Modified Ashworth Scale (MMAS) in the assessment
of upper-limb muscle spasticity. Neuro Rehabil 2012;31:215–22.

[51] Bohannon RW, Smith MB. Interrater reliability of a modified Ashworth scale of
muscle spasticity. Phys Ther 1987;67:206–7.

[52] Naghdi S, Ansari NN, Ghorbani-Rad S, Senobari M, Sahraian MA. Intra-rater
reliability of the Modified Tardieu Scale in patients with multiple sclerosis.
Neurol Sci 2017;38:93–9.

[53] Aloraini SM, Gaverth J, Yeung E, MacKay-Lyons M. Assessment of spasticity
after stroke using clinical measures: a systematic review. Disabil Rehabil
2015;37:2313–23.

[54] Ansari NN, Naghdi S, Moammeri H, Jalaie S. Ashworth Scales are unreliable for
the assessment of muscle spasticity. Physiother Theory Pract 2006;22:119–25.

[55] Barker S, Horton M, Kent RM, Tennant A. Development of a self-report scale of
spasticity. Top Stroke Rehabil 2013;20:485–92.

[56] Fleuren JF, Voerman GE, Erren-Wolters CV, Snoek GJ, Rietman JS, Hermens HJ,
et al. Stop using the Ashworth Scale for the assessment of spasticity. J Neurol
Neurosurg Psychiatry 2010;81:46–52.

[57] Johnson GR. Outcome measures of spasticity. Eur J Neurol 2002;9:10–6
[dicussion 53-61].

[58] Olver J, Esquenazi A, Fung VS, Singer BJ, Ward AB, Cerebral Palsy I.. Botulinum
toxin assessment, intervention and aftercare for lower limb disorders of
movement and muscle tone in adults: international consensus statement.
Eur J Neurol 2010;17:57–73.

[59] Pattuwage L, Olver J, Martin C, Lai F, Piccenna L, Gruen R, et al. Management of
spasticity in moderate and severe traumatic brain injury: evaluation of clinical
practice guidelines. J Head Trauma Rehabil 2017;32:E1–2.

[60] Sheean G, Lannin NA, Turner-Stokes L, Rawicki B, Snow BJ, Cerebral Palsy I..
Botulinum toxin assessment, intervention and after-care for upper limb
hypertonicity in adults: international consensus statement. Eur J Neurol
2010;17:74–93.

http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0340
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0340
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0340
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0345
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0345
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0345
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0350
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0350
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0355
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0355
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0360
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0360
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0360
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0365
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0365
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0365
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0370
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0370
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0370
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0375
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0375
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0375
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0375
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0380
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0380
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0380
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0385
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0385
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0385
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0390
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0390
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0390
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0390
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0395
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0395
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0395
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0395
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0400
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0400
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0405
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0405
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0410
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0410
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0410
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0415
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0415
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0415
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0420
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0420
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0420
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0425
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0425
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0425
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0430
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0430
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0430
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0435
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0435
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0435
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0435
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0440
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0440
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0440
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0445
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0445
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0450
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0450
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0450
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0455
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0455
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0455
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0460
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0460
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0460
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0465
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0465
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0470
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0470
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0470
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0475
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0475
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0475
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0480
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0480
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0480
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0485
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0485
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0485
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0490
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0490
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0490
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0495
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0495
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0495
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0500
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0500
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0500
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0505
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0505
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0505
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0510
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0510
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0510
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0515
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0515
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0515
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0520
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0520
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0525
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0525
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0525
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0530
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0530
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0530
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0535
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0535
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0540
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0540
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0540
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0545
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0545
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0550
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0550
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0550
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0555
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0555
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0560
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0560
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0560
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0565
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0565
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0565
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0570
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0570
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0575
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0575
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0580
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0580
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0580
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0585
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0585
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0590
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0590
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0590
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0590
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0595
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0595
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0595
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0600
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0600
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0600
http://refhub.elsevier.com/S1877-0657(17)30415-3/sbref0600

	Non-pharmacological interventions for spasticity in adults: An™overview of systematic reviews
	1 Introduction
	2 Method
	2.1 Study selection and data extraction
	2.2 Assessment of methodological quality of included studies

	3 Results
	3.1 Quality of the systematic reviews
	3.2 Evidence synthesis of non-pharmacological interventions
	3.2.1 Stroke
	3.2.2 Multiple sclerosis
	3.2.3 Brain injury
	3.2.4 Spinal cord injury (SCI)
	3.2.5 Mixed neurological conditions


	4 Discussion
	4.1 Study limitations

	5 Conclusion
	Grants and fundings
	Disclosure of interest
	Acknowledgement
	Appendix 1 Keywords used for search
	Appendix 2 Table 1™Assessment of Multiple Systematic Reviews (AMSTAR) criterions
	References


