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Abstract

Study design Systematic review.

Objective To determine the effectiveness of physiotherapy interventions for the treatment of spasticity in people with spinal
cord injuries.

Setting Not applicable.

Methods A comprehensive search was undertaken to identify all randomised controlled trials of physiotherapy interventions
that included an assessor-reported (objective) or participant-reported (subjective) measure of spasticity. Only trials that
provided a physiotherapy intervention on more than one occasion were included. The susceptibility to bias of each trial was
rated on the PEDro scale. Data were extracted to derive mean between-group differences (95% CI) for each trial.

Results Twenty-eight trials were identified but only 17 provided useable data. Seven trials compared a physiotherapy
intervention to no intervention (or a sham intervention) and 10 trials compared one physiotherapy intervention to another
physiotherapy intervention. The median (IQR) PEDro score of the 17 trials was 6/10 (6-8). The most commonly used
assessor- and participant-reported measures of spasticity were the Ashworth scale and Spinal Cord Injury Spasticity Eva-
luation Tool, respectively. Only one trial demonstrated a treatment effect. This trial compared continuous passive motion of
the ankle to no treatment on the Ashworth scale. The remaining 16 trials were either inconclusive or indicated that the
treatment was ineffective for reducing spasticity.

Conclusions There is no high-quality evidence to indicate that physiotherapy interventions decrease spasticity but this may
reflect a lack of research on the topic. Future trials should focus on participant-reported measures of spasticity that
distinguish between the immediate, short-term and long-term effects of any physiotherapy intervention.

Introduction

Spasticity can pose a major problem for people with spinal
cord injuries (SCI) limiting their ability to move and per-
form activities of daily living [1, 2]. It can also cause pain,
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insomnia, pressure ulcers and contractures. Various phy-
siotherapy interventions are advocated for the management
of spasticity. These include passive stretching, transcuta-
neous electric nerve stimulation (TENS), electromyographic
biofeedback, heat, and various types of exercise [3, 4].
However, it is unclear whether any or all of these inter-
ventions are effective.

A notable previous review, conducted as part of the
Spinal Cord Injury Rehabilitation Evidence (SCIRE)
initiative, analysed the effectiveness of surgical, non-
pharmaceutical and pharmaceutical interventions for the
management of spasticity. This review was originally con-
ducted in 2007 [5] and then updated in 2016 [4]. The review
is comprehensive capturing all types of studies (including
case series) related to physiotherapy interventions. How-
ever, it rates the evidence according to the methodology
proposed by Sackett without consideration of the size and
precision of point estimates [6]. For this reason, it is difficult
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to judge if the treatments are clinically worthwhile and if the
conclusions of the authors are justified.

In addition to the SCIRE review, there is a recent 2019
overview of systematic reviews [3]. This included sys-
tematic reviews of studies involving people with all types of
neurological conditions. It however, only identified one
scoping review involving people with SCI that was com-
pleted in 2014. The Scoping Review had a very specific
focus on vibration [7]. It only identified one clinical trial
looking at an intervention not typically administered by
physiotherapists (penile vibratory stimulation) [8]. Since
this time, there have been two other systematic reviews.
Both have analysed specifically electrical stimulation (with
[9] and without cycling [10]); neither found evidence of a
reduction in spasticity. There remains considerable uncer-
tainty about the evidence base for the many different phy-
siotherapy interventions administered for the reduction of
spasticity in people with SCIL

The aim therefore of this systematic review was to
determine the effectiveness of physiotherapy interventions
for the treatment of spasticity in people with SCI. Specifi-
cally, the two objectives were to determine:

e The effectiveness of any physiotherapy intervention
versus no physiotherapy intervention for the manage-
ment of spasticity in people with SCIL.

e The effectiveness of one physiotherapy intervention
versus another physiotherapy intervention for the
management of spasticity in people with SCL

The term, spasticity, is being used throughout this
review, in a broader sense than originally articulated by
Lance [11]. That is, the term is being used to reflect the
many different presentations of involuntary muscle con-
tractions (intermittent or sustained) that are associated with
upper motor neuron lesions including spasms and clo-
nus [12]. We have justified this approach on the basis that
physiotherapy interventions are advocated and used for
the management of spasticity without consideration of its
various manifestations. Similarly, outcome measures such
as the Ashworth Scale, Tardieu Scale, the Penn Spasm
Frequency Scale, the Spinal Cord Assessment Tool for
Spastic Reflexes (SCATS) and the Spinal Cord Injury
Spasticity Evaluation Tool (SCI-SET), do not clearly dis-
tinguish one symptom from another. We have taken the
same approach.

Methods
Inclusion criteria

The inclusion criteria were as follows:

Types of studies

Only full reports of randomised controlled trials or rando-
mised cross-over trials published in English were included.
Abstracts from conference proceedings were not included.

Types of participants

Only trials involving adults with either traumatic or non-
traumatic SCI were included. Trials that included a mix of
adults and children, were only included if at least 75% of
participants were over 16 years of age. Trials that included
people with SCI and other conditions (e.g. spina bifida)
were included provided at least 75% of participants had a
SCI or the individual patient data could be retrieved. Trials
were included regardless of the time post SCL

Types of interventions

Trials were included if they involved the administration of
any type of physiotherapy intervention that is typically used
in the clinical setting to manage spasticity. For example:

Passive interventions This included passive movements,
stretches, tilt table standing and splinting.

Gait-related therapies This included assisted standing,
robotic-assisted gait training, and treadmill training with
or without overhead suspension and body-weight sup-
port, electrical stimulation, somatosensory stimulation or
biofeedback.

Generic exercises and/or rehabilitation This included
strengthening, balance and fitness exercises with or
without electrical stimulation, somatosensory stimulation
or biofeedback.

Electrotherapy This included electrical stimulation (ES),
somatosensory stimulation, transcutaneous electric nerve
stimulation (TENS), ultrasound and other types of
electrotherapy.

Other This included treatments such as vibration
therapy, heat therapy, hydrotherapy and massage.

Interventions such as transcranial magnetic stimulation
and epidural spinal stimulation were excluded. In addition,
trials examining the effectiveness of surgical or pharma-
ceutical interventions were excluded unless these interven-
tions were provided as co-interventions to both groups to
enable the isolation of the effectiveness of the physiother-
apy intervention. For example, a trial comparing robotic
gait training and transcranial magnetic stimulation versus
transcranial magnetic stimulation would have been inclu-
ded, but a trial comparing robotic gait training versus
transcranial magnetic stimulation would have been
excluded.
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Trials were only included if the intervention was applied on
more than one occasion unless the intervention was applied
for many hours. Consequently, experimental studies that only
analysed the effects of one-off treatments were not included.

Types of comparisons
Trials were included if they compared:

e Any physiotherapy intervention to no physiotherapy
intervention, or a placebo or sham physiotherapy
intervention.

e Any physiotherapy intervention to another physiotherapy
intervention. In these trials, we needed to assign one group
as experimental and the other as control for the purpose of
the analyses and interpretation. We considered relying on
the authors’ hypotheses to assign the groups but not all
trials had clearly stated hypotheses. That is, it was not
always clear which group the authors believed would be
superior to the other. We therefore adopted a convention
whereby the intervention that decreased spasticity was
labelled as the experimental group. In all but two trials
[13, 14] this aligned with the authors’ stated (or assumed)
hypothesis. We acknowledge that this approach has the
potential to bias our findings in favour of reporting a
treatment effect but as it turned out, in one trial the two
interventions were ineffective regardless of how we
defined the experimental condition [13], and in the other
trial the conclusion moved between inconclusive and
ineffective depending on how we defined the experimental
condition [14].

Types of outcome measures
Trials were included if they contained an:

Assessor-reported measure of spasticity This included
any measure of spasticity taken by an assessor. For
example the Tardieu Scale, the Wartenberg Pendulum
Test, the Penn Spasm Frequency Scale, the Ashworth
Scale, the Modified Ashworth Scale and Surface
Electromyography.

Participant-reported measure of spasticity This
included any measure of spasticity (or the implications
of spasticity) that were self-reported by participants. For
example, the Spinal Cord Assessment Tool for Spastic
Reflexes (SCATS), Spinal Cord Injury Spasticity Evalua-
tion Tool (SCI-SET) and The Spasticity-related Quality
of Life Tool (SQoL-6D).

To avoid problems of multiplicity we adopted the
following strategies [15]. In trials that had multiple different
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measures of spasticity, only one outcome measure that
captured an assessor- and/or participant-reported measure
of spasticity were extracted. Priority was given to
outcomes that were fully reported and commonly used in
the identified trials and clinical practice. In trials that mea-
sured spasticity in more than one muscle or joint, only one
set of results were extracted. Priority were given to
the results most likely to reflect the effectiveness of the
treatment (e.g. if a trial involved treatment to the quadriceps
muscle and the trial measured spasticity in the quadriceps
and plantarflexor muscles, data for the quadriceps muscles
were extracted). Similarly if data were provided for
both sides of the body, a decision was made a priori to
only extract data from the right side of the body. In
trials that included more than one endpoint (e.g. 1h after
the last treatment, one day after the last treatment
and 1 month after the last treatment), only the data
collected as soon as possible after the last treatment were
extracted.

Search strategy

The following databases were searched from inception to
August 2020: Embase (via the Ovid search engine):
Medline (via the Ovid search engine) and the Cochrane
Central register of controlled trials (via the Ovid search
engine). The Ovid search strategy for randomised con-
trolled trials was combined with a combination of search
terms to capture two themes, namely, spinal cord injuries
and spasticity (see Supplementary File 1 for the search
strategy). The search strategies were adjusted for the
various databases and lines were added to exclude animal
studies. The results of this search were combined with the
results of a search of PEDro using the filters for neuro-
trauma and clinical trials. We also scanned the 207 papers
we had identified from our own previous search of ran-
domised controlled trials of physiotherapy interventions
for people with spinal cord injuries. The search strategy
and results have been described elsewhere and were last
updated in August 2020 [16].

Titles and abstracts were examined independently by two
review authors (PB, LH). They each compiled a list of
potentially eligible studies. The full papers on both lists
were retrieved and both review authors independently cul-
led on the basis of the full text articles. Any disagreements
were resolved through discussion and when necessary a
third author was asked to arbitrate.

Assessment of bias
The PEDro Scale was used to assess the susceptibility to

bias of included trials. Assessments were carried out by two
authors independently (PB, LH). Any disagreements were
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resolved through discussion and when necessary a third
author was asked to arbitrate.

Data extraction and analysis

The following data were extracted by one author (PB) and
checked by others (LH, JG): the design of the trial,
the characteristics of the participants, interventions, and
outcomes, and the timing of the assessments with respect
to the last treatment. Means (SD) of the outcome measures
were extracted or derived by two authors (PB, LH) to
enable the calculation of mean (95% CI) between-group
differences. Preference was given to co-variate adjusted
data, followed by change data followed by post data. If
trials did not report SDs, these were imputed from other
measures such as standard error (SE), interquartile ranges,
p values or confidence intervals. All data were expressed
so that a negative between-group difference indicated a
reduction in spasticity in the experimental group com-
pared to the control group. We planned to extract and
analyse dichotomised data if necessary but no trial
reported data in this way.

We planned to conduct meta-analyses if there were a
sufficient number of trials looking at a similar question and
using similar outcomes provided there was no clinical or
statistical heterogeneity. However, this was not the case, so
the details of how we planned to pool data are not provided.

Interpretation of trial results

Minimal clinically important differences (MCID) were set
at 10% of the scale of each outcome measure because
there is as yet no consensus on the MCID for the out-
comes of the retrieved trials. For example, the MCID of
the Modified Ashworth Scale (scale: 0-5 points) was
deemed to be 0.5 points, and the MCID of the Patient
Reported Impact of Spasticity Measures (scale: 0—164)
was deemed to be 16.4 points. Results were then cate-
gorised as:

Effective: if the 95% CI of the mean between-group
difference was above the MCID.

Inconclusive: if the 95% CI of the mean between-group
difference spanned the MCID.

Ineffective: if the 95% CI of the mean between-group
difference was below the MCID.

Results

The search retrieved 2169 papers with 1621 after dupli-
cates were removed (see Fig. 1). Twenty-four papers met
the inclusion criteria. Another four papers were identified

2,169 papers were retrieved

1,621 papers
(after duplicates were removed)

4 papers were identified from
24 papers met the inclusion our own database and other

criteria sources and met the inclusion
criteria

28 papers met
the inclusion criteria

17 papers provided
useable data

Fig. 1 Flow diagram of the results of the search strategy.

from our own database of randomised controlled trials
involving physiotherapy interventions for people with
SCI. In total, 28 trials met the inclusion criteria of which
only 17 provided useable data and are included in this
review [13, 14, 17-31] (See Supplementary File 2 for the
11 trials that were eligible for inclusion but did not pro-
vide useable data).

The 17 trials had a median (IQR) sample size of 15
participants (11-20). The median (interquartile range: IQR)
PEDro score was 6/10 (6-8) (see Figs. 2-5 for details about
the PEDro score for each trial). The most common sources
of bias were failure to blind participants, therapists and
assessors.

Fifteen trials provided an assessor-reported measure of
spasticity. They used either the Ashworth or modified
Ashworth scale. The Ashworth scores were presented in
various ways included scores for individual muscles, and
scores averaged or tallied across many muscles. Eight trials
provided a participant-reported measure of spasticity. These
included Visual Analogue Scales, Penn Spasm Frequency
Score, SCATS, Patient Reported Impact of Spasticity
Measures and the SCI-SET.

One physiotherapy intervention versus no or sham
intervention

Seven trials compared a physiotherapy intervention to no or
sham intervention (see Table 1A). The physiotherapy inter-
ventions were active exercise (1 trial involving progressive
resistance training [17]), electrotherapy (2 trials involving
TENS [21] and FES cycling [22]) and passive interventions
(4 trials involving CPM [18], passive movements [19],
passive standing [20] and kinesiotaping [23]). Six of these
trials included an assessor-reported measure of spasticity (see
Fig. 2) and three included a participant-reported measure of
spasticity (see Fig. 3). Only one trial demonstrated a

SPRINGER NATURE
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Experimental Control Mean Difference Interpretation Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI ABCDEFGHIJ
CPMvs no CPM - modified Ashworth (scale:0-5) - ankle

Chang, 2013 071 0.48 73 385 0.89 7 -314[-3.90,-2.39) Effective (-0.5 pts) —— 020002040 ®
TENS vs no TENS - composite spasticity score (scale:1-16) - ankle PFs

00,2014 -2413 102 8 0 102 8 213314112 Inconclusive (-1.6 pts) —=b— PP22000200@
FES cycling + usual care vs usual care - composite Ashworth (scale:0-32) - lower limb muscles - /32 pts

Ralston, 2013 19 404 14 0 404 14 -190[4.90,1.10] Inconclusive (-3.2 pts) s PP00000009

vs sham Ashworth (scale:0-5) - ankles

Tamburella, 2014 182 075 6 245 093 5 -063(164,038) Inconclusive (-0.5 pts) S 2002000009
PMs + usual care vs usual care - modified Ashworth (scale:0-5) - ankle

Harvey, 2009 0 080 20 0 080 20  0.00[0.50,0.50] Inconclusive (-0.5 pts) o PPP000000@®
PRT +usual care vs usual care - Ashworth (scale:0-4) - elbow/knee

Bye, 2017 0.03 055 30 0 055 30  0.03[0.25,031) Ineffective (-0.4 pts) + 2000020000

4 2 2 4

Fig. 2 Trials that compared a physiotherapy intervention to no/
sham intervention with assessor-reported measures of spasticity.
The results are expressed as mean differences (95% CI) with negative
values indicating a reduction in spasticity of the experimental group
compared to the control group. The results are interpreted as effective
if the 95% CI is below the minimal clinically important difference
(MCID), inconclusive if the 95% CI spans the MCID and ineffective if
the 95% CI is above the MCID (the MCID is set at 10% of the total
possible score). The risk of bias according to PEDro is also indicated.
The risk of bias indicates whether each of the PEDro items were
satisfied (green) or not (red) where: A: random allocation; B: con-
cealed allocation; C: baseline compatibility; D: participant blinding; E:
therapist blinding; F: assessor blinding; G: adequate follow-up; H:
intention-to-treat analysis; I: between-group differences; J: point esti-
mates. Abbreviations: CPM continuous passive motion, TENS

Favours [experimental] Favours [control]

transcutaneous electrical nerve stimulation, FES functional electrical
stimulation, PMs passive movements, PRT progressive resistance
training, PFs plantarflexor muscles, Pts points. The study Chang et al.
[18] is change data derived from participant level data provided in
Table 1; The study by Oo [21] is back converted from mean (99% CI)
between-group difference of 2.13 (0.59-3.66); The study by Ralston
et al. [22] is back converted from a mean (95% CI) between-group
difference of —1.9 (—4.9 to 1.2) with slight differences in upper end of
CI due to rounding; The study by Tamburella et al. [23] is post data;
The study by Harvey et al. [19] is back converted from a median (95%
CI) between-group difference of 0 (0 to 1) with slight differences in
95% CI due to statistical methodology used to derive a 95% CI for the
median difference. The study by Bye et al. [17] is back converted from
a mean (95% CI) between-group difference of 0.03 (—0.25 to 0.32).

Experimental Control Mean Difference Interpretation Mean Difference Risk of Bias
Study or Subgroup _Mean SD_Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFGHIJ
vs sham - Spinal Cord A Tool for Spastic Reflexes (scale:0-3)
Tamburella, 2014 156 082 6 209 091 5 -0.54[-1.57,0.49) Inconclusive (-0.3 pts) - P00202200®

FES cycling + usual care vs usual care - Patient Reported Impact of Spasticity Measure (scale:0-164)
Ralston, 2013 -5 -10.12 14 0 1012 14 -5.00[1250,250]

Passive standing + usual care vs usual care - Spinal Cord Injury Spasticity Evaluation Tool (scale:-3-3)

Kwok, 2015 01 037 17 0 0.37 17 0.10[-0.15,0.35)

Fig. 3 Trials that compared a physiotherapy intervention to no/
sham intervention with participant-reported measures of spasti-
city. The results are expressed as mean differences (95% CI) with
negative values indicating a reduction in spasticity of the experimental
group compared to the control group. The results are interpreted as
effective if the 95% CI is below the MCID, inconclusive if the 95% CI
spans the MCID and ineffective if the 95% CI is above the MCID (the
MCID is set at 10% of the total possible score). The risk of bias
according to PEDro is also indicated. The risk of bias indicates whe-
ther each of the PEDro items were satisfied (green) or not (red) (see
legend for Fig. 2 for details). Abbreviations: FES functional electrical
stimulation, Pts points. Means (SD) of the outcome measures were

treatment effect (see Figs. 2 and 3) [18]. This trial compared
Continuous Passive Motion (CPM) of the ankle to no
treatment and used the Modified Ashworth Scale (an
assessor-reported measures of spasticity). It demonstrated a
mean (95% CI) between-group difference of —3.1 points
(—3.9 to —2.4) indicating a decrease in spasticity in the
CPM group compared to the no treatment group (the MCID
was —0.5 points). The results of all the other trials were

SPRINGER NATURE

Ineffective (-16.4 pts)

Ineffective (-0.7 pts) PPI00PRDOS®

I
Favours [experimental] Favours [control]

extracted or derived to calculate mean (95% CI) between-group dif-
ferences. Preference was given to co-variate adjusted data, followed by
change data followed by post data. If trials did not report SDs, these
were imputed from other measures such as standard error (SE),
interquartile ranges, P values or confidence intervals. The study by
Tamburella et al. [23] is post data; The study by Ralston et al. [22] is
back converted from a mean (95% CI) between-group difference of —5
(—13 to 2) (the slight difference in the 95% CI is due to rounding);
The study by Kwok et al. [20] is back converted from a mean (95% CI)
between-group difference of —0.1 (—0.3 to 0.2) with numbers flipped
to reflect the direction of the effect as reported here.

either inconclusive or indicated that the treatment was
ineffective.

One physiotherapy intervention versus another
physiotherapy intervention

Ten trials compared one physiotherapy intervention to
another physiotherapy intervention (see Table 1B). Eight of
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Experimental Control Mean Difference Interpretation Mean Difference Risk of Bias

Study or Subgroup Mean SD_Total Mean SD_Total IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFGHIJ
Sitting astride a Bobath roll vs Hippotherapy - composite Ashworth (scale:0-50) - lower limbs

Lechner, 2007 12 08 11 33 21 11 -210(343,-077) Ineffective (-5 pts) -+ +9000++0%+
Treadmill gait training vs Robotic-assisted gait training with weight shift - modified Ashworth (scale:0.5) - knee

Wu, 2018 09 083 7 173 108 7 -08341.84,019) Inconclusive (-0.5 pts) -+ 2000000
Isometric strength training vs Isokinetic strength training - composite Modified Ashworth (scale:0-20) - knee 1

Jayaraman, 2013 2 3 5 4 4 5 -2001638,238 Inconclusive (-2 pts) —T 2000000000
FES-assisted BWSTT vs Aerobics and resistance training - modified Ashworth (scale:0-5) - right quadriceps

Giangregorio, 2012 044 081 16 092 124 11 -0481.31,035 Inconclusive (-0.5 pts) + PPP000000®
Robotic-assisted gait training for 50 mins vs Robotic-assisted gait training for 25 mins - modified Ashworth (scale:0.5) - averaged across hipknee .

Wiz, 2017 075 54 9 175 405 9 -1.001541,341) Inconclusive (-0.5 pts) —t— 2990002
BWSTT vs Tilt table standing - composite modified Ashworth (scale:0-56) - lower limbs B

Agams, 2011 209 85 7 301 145 7 -020(1265,1225) Inconclusive (-5.6 pts)
Robotic-assisted gait training vs Multi.modal exercises - modified Ashworth (scale:0-5) - quadriceps .

Martinez, 2018 08 125 5 125 18 6 -045(215126) Inconclusive (-0.5 pts) —
Robotic-assisted gait training with resistance swing vs Robotic-assisted gait training with assistance swing - modified Ashworth (scale:0-4) - knee R .

Wu, 2016 09 06 6 14 07 6 -0501124,024] Inconclusive (-0.4 pts) -+ PPP000905%
Robotic-assisted gait training vs Overground gait training - Ashworth (scale:0-4) - muscles not stated =

Alcobendas-Maestro, 2012 2 406 ¥ 1 27 38 1.004056,256) Inconclusive (-0.4 pts) =

10

Fig. 4 Trials that compared a physiotherapy intervention to
another physiotherapy intervention with assessor-reported mea-
sures of spasticity. The results are expressed as mean differences
(95% CI) with negative values indicating a reduction in spasticity of
the experimental group compared to the control group. The results are
interpreted as effective if the 95% CI is below the MCID, inconclusive
if the 95% CI spans the MCID and ineffective if the 95% CI is above
the MCID (the MCID is set at 10% of the total possible score). The
risk of bias according to PEDro is also indicated. The risk of bias
indicates whether each of the PEDro items were satisfied (green) or not
(red) (see legend for Fig. 2 for details). Abbreviations: BWSTT body-
weight supported treadmill training, FES functional electrical stimu-
lation, Pts points. The study by Lechner et al. [13] is based on

-0 -5 5
Favours [experimental] Favours [control]

individual participant change data; The study by Wu et al. [14] is
based on post data; The study by Jayaraman et al. [28] is based on post
data; The study by Giangregorio et al. [27] is based on post data only
available in a second publication of the same study [44]; The study by
Wirz et al. [30] is based on post median (IQR) data; The study by
Adams and Hicks [24] is based on post data; The study by Martinez
et al. [29] is derived from participant level post data provided by the
authors in a Supplementary file; The study by Wu et al. [31] is based
on post data; The study by Alcobendas-Maestro et al. [25] is based on
post median (IQR) data. *The authors state that they used the modified
Ashworth Scale with a range from 0 to 4 points but it is assumed that
this includes the additional score of 14 thus effectively resulting in a 0
to 5 point scale with 6 options.

Experimental Control Mean Difference Interpretation Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFGHIJ
Hippotherapy vs Sitting astride a Bobath roll - Self-report VAS (scale:0-10)

Lechner, 2007 12 08 11 33 21 11 -210(343,-077) Inconclusive (-1 pt) S +0000+ 0+
Whole-body exercise vs Upper body exercise - Self-Report Penn Spam Frequency Score (scale:0-4) .

Galea, 2018 16 098 60 185 098 56 -025[061,0.11] Inconclusive (-0.4 pts) —- SR I B
BWSTT vs Tilt table standing - Spinal Cord Injury Spasticity Evaluation Tool (scale:-3-3)

Adams, 2011 0 046 7 0 041 7 000[-046,046] Ineffective (-0.7 pts) -+ 20002007
Robotic-assisted gait training vs Multi-modal exercises - Spinal Cord Injury Spasticity Evaluation Tool (scale:-3-3)

Martinez, 2018 038 0682 3 920 02 5 -016[090,058) Inconclusive (-0.7 pts) —ir 2900020050
Robotic-assisted gait training for 50 mins vs Robotic-assisted gait training for 25 mins - Modified Penn Spasm Frequency Scale (scale:0-4)

Wirz, 2017 1 405 9 0 405 9 100[274,474) Inconclusive (-0.4 pts) — PP00000060

4 2 2 H

Fig. 5 Trials that compared a physiotherapy intervention to
another physiotherapy intervention with participant-reported
measures of spasticity. The results are expressed as mean differences
(95% CI) with negative values indicating a reduction in spasticity of the
experimental group compared to the control group. The results are
interpreted as effective if the 95% Cl is below the MCID, inconclusive if
the 95% CI spans the MCID and ineffective if the 95% CI is above the
MCID (the MCID is set at 10% of the total possible score). The risk of
bias according to PEDro is also indicated. The risk of bias indicates

the trials compared one type of gait training with another
type of gait training or with a general exercise program
[14, 24-27, 29-31]. The other two trials compared (i) two
types of strength training programs [28] and (ii) a Bobath
seated balance training technique with hippotherapy [13].
Nine trials included an assessor-reported measure of

Favours [experimental] Favours [control]

whether each of the PEDro items were satisfied (green) or not (red) (see
legend for Fig. 2 for details). Abbreviations: VAS visual analogue scale,
BWSTT body-weight supported treadmill training, Pts points. The study
by Lechner et al. [13] is based on individual participant change data; The
study by Galea et al. [26] is back converted from a mean (95% CI)
between-group difference of —0.25 (—0.61 to 0.11); The study by
Adams and Hicks [24] is post data; The study by Martinez et al. [29] is
derived from participant level post data provided in Supplementary file;
The study by Wirz et al. [30] is based on post median (IQR) data.

spasticity and five trials included a participant-reported
measure of spasticity (see Table 1B). None of the trials
indicated a decrease in spasticity in the experimental groups
compared to the control groups. Instead, the results of all
the trials were either inconclusive or ineffective (see Figs. 4
and 5).

SPRINGER NATURE



P. H. F. de A. Barbosa et al.

242

a-o SIV »
(0 :9r1e03) CILOITO » soun ¢ « Sururen  [¢g] Te 10 onsee
fep [< yuomysy Ppajels 10N SYIuoW 9 > o SL/08 usomieg Y[ e e palsisse-onoqoy -dxg -SepuaAqoOI[y
SIOXQYISIOP
pue soxoprejuerd
UV
SIOSU)X
pue SIOXd Uy o
(g—¢— :9reds) s10jonppe SYOM {7 o
[00], uoneneAq (960 :9[edS) puUE SIOSUQIXd DV SIV » Yoom Jod
Kyonsedg quomysy ‘s1oxopy diy OILO S« souwin ¢ Surpuess a[qe) LT, Ju0)
skep 71 Amfur p1o) reurds  pagipowr aisoduio) J9] pue WSTY 8K [< LIL I9A0-SSOID) Uur G o LLSMYI -dxq [+l Te 10 swepy
uonuaaur AdereporsAyd ayoue o3 uonuaarul AderoyporsAyd ouo Surredwod spel] g
(€-0 :ar®03)
SIXopY asIv
onsedg 10 [oo], (60 :3[ed8s) s1oxapejuerd TILO19D e (uoneordde auo)  Surdejorsoury wreys Juo) ezl
sAep < JUAWISSISSY pIo) [euldS  YUOMYSY PIYIPOIN APMUY o syiuow 7 < o 11/11 I9A0-$SOID) U8y e Suidejorsoury] :dx  °[e 19 e[[2IONqUIE],
s10jonppe diy «
s1oxaprejuerd
YUY SYoOM T o
Kep oures #91-0 :91B0S) SIOSU)X DV SIV » Yoom 1od QI [BNS[) JUOD
o) uo pardwr  aInsedjy Aonseds jo (260 :9MBOS) /SI0Xap 29U 0IL OV $D SAep 7 o aIed [ensn
g pajers JoN  Ioedwy payoday Juoned yuomysy asodwo) 1J9] pue WSry SYIUOW 9< o fatiat I9A0-$SOID) U ¢ « + Surpko §g cdxg [zl 'Te 19 uoisey
(91T :97e98)
(2100 snuo[d
Ipjue pue
£9100S QUO) d[OSNW SYOIM € o
21008 Y1of 9pyjue d-Vv SIV » Yoom tod
) jo A[rer) 21008 s1oxoprejuerd L MO[2q « souwin / o aIed [ens() Juo)
Kep | Kyonseds aysodwio) APUY SYIUOW 9> o 91/91 usomleg uw ()9 o AIed [ensn + SNHL -dxg [12] Te 32 0O
SYOIM 9 o
(§—¢— :9[edg) [00], qd-V SIV « Yoom tod QAIed [BNS() JU0)
uoneneag Ayonsedg 8L 9AOQE o souwin G e QIed [ensn
Yoom [> Am(uy p1o) [eurdg JUBAQ[AI JON o SIBOK 6> o L1/0T 19A0-SSOID) UIw (¢ o + Surpueys oarssed <dxg  [07] Te 10 yom
syuow g o
q-v SIV yoom 1od Q1D [BNS() JU0D
(6—0 :9[e2s) s1oxoprejuerd LT sowin G e QIed [ensn +
Kep | YLIOMYSY PIYIPOIA SIOXQ[) JoUY o APUY SIBOA > o 02/02 I UIW ()7 «  SIUSWOAOIA dAISSe] dxy  [6]] ‘Te 10 AoaleHq
SYOIM { o uonow dAIssed
q-v SIV yoom 1od SNONUNUOD ON JU0)
(S—0 :9[eo8) SIOXQISIOP TIL 9A0QE « souin G e uonow dAIssed
Kep < UOMYSY PIYIPOIN APUY SYIUOW Q< o fatial udomleg qlJ e snonunuo)) :dxg  [81] '[e 10 Sueyd
SI0SUQIXd SYOOM T o QIR [BNS() JUOD
/SI0XAP 99U a-v SIV yoom 1od ared [ensn +
(-0 :9[e0S) SI0SUQIXd GS O [De sown ¢ «  Sururen yH3uans doULISISAI
yoom > JLoMYysy /SI0X9]} MOQ[H 189K [> o 0¢€/0€ UIPIAN - SUOIIORIUOD (Of o aArssaidord cdxg [L1] Te 10 °kg
pajoenXd PAjoRNX
JUSWSSISSE pue 10U JNq PAINSLIA puE paInseajA
JudueAn I5E[ aInsedw amseawt
udaM}q dWIL], pauodarjuedionreq panodaI-108sassy JposnuwiuIof sjuedonieq  (ON/Y) Siuedonied uSisoq agesoq sdnoiny Apms

uonuaarur AderoyporsAyd ou 0) uonuoaraur AderoyiorsAyd suo Suuredwos sfeny, "y

‘ejep o[qeasn papraoid jey) s[eL £ oy Jo sonsLjoeIRy) | dqel

SPRINGER NATURE



243

Treatment of spasticity in people with spinal cord injury: a systematic review

'suondo 9 ym [eds

tod ¢—( & ur Sunynsar £[9A1093J9 SNy} 41 JO I0JS [RUONIPPE dY} SSPNIOUL SIY) JeY) PAWNSSE SI 1 Ing sputod 4 0] () WoIj U € (I J[edS YLOMYSY POYIPOW Ay} pasn £y} Jey) 2Je)s sIoyine oy,

*a[eos Jusuredw] VISV S7V ‘parerdwods jou

/POSIIOPUEI DAY ‘UOTIB[NWINS JAION [BOLIOJ[H SNOAULINOSULRL], SNF [ ‘[0NU0d juo) ‘[eyuswiadxs dxyg ‘Sururen [jrupean poyoddns jySrom Apog [1SM g ‘Uone[nwung [eoLody [euonoun S7.4

Pajels 10N

Pajels 10N

pae1s 10N

Yoom >

pAeIS JON

Kep |

paje1s 10N

yoom >

(=0 :9[edS) 9[eds
Kouonbar wsedg uuog

(€—€— :9[®ag) 100L
uoneneag Ayonsedg
Amfur p1o) reurdg

(01-0 :9[e3s)

SV A -JUSWIDAOJA SSOID)
10 10Jsuel], SUIMOT[O]
yuodoy-j1es Anonsedg

(0 :9[BdS) Q100§
Kouanbarg wsedg uuog

(-0 :9[e28)
YHOMYSY POYIPOIN

(70 :9[d8)
YUOMYSY PIYIPOIN

(-0 :2[eo8)
YUOMYSY PIYIPOIN

(SUESLEN)
QUOMTSY PIIPOIN

(0$—0 :91e98)
yuomysy ansodwo)

(020 :91e08)
JUOMYSY
payipow aysodwio)

(-0 :31e08)
YUOMYSY PIYIPOIN

SIOSUQ)XD
/S10X0p 90U o

SIOSUA)XO
/SIOXA]J U o
SIOSUQ)XD

/X3 99Uy o
SIOSUA)XO
/s1oxay dif «

SIOSUIIXI AUY o

s1ojonpqe diy «
SIOSUA)XO
/SIOXA)J 23U o
SIOSUIIXd
/sioxay diy
o[ pue STy

SIOSUQ)XD
/sloxap 2auy

YOI pue 1y3Ty «

sioxoprejuerd
APUY
SIOXQISIOp
APUY

SIOXQ[) Uy o
s10jonppe dif e

SIOSU)XO
ouy Y3y «

JUBAQ[QI JON] o

SYOIM 9 o YIUs JYSom Pim Fumuren
aD SIV » Yoom 1ad  Jred palsisse-onoqoy Juo)
0L O ZD e souln ¢ e Sururen
SIBOA $7—] o +1/91 udomiog Un G o ned [rupea], dxg [#1] Te 10 npp
Suims Juump
Qoue)sIsse (PIm Fururen
SYOIM Q o JIES PAISISSL-O10qOY FU0D
aD SIv Yoom tod Suims Suump
0IL O 7D e souin ¢ o Q0UR)SISAI YA Sururen
STBOA $7—] o [4fial udomleg Ul G « 185 paIsIsse-o10qoy <dxg [1€] Te 30 npp
SYOM § o surw Gz 1oy Sururen
O-4 SIV » Yoom 1od Jres paisisse-onoqoy Juo)
TILO D o SouwIn) G—¢ o surw ()G 1oy Sururen
skep 09> o 81/1C usomleg U ()G « IS pajsisse-onoqoy dyy [og] Te 10 zip
(as1010%9
Kwonxd roddn pafyrys
pue d0uB[Rq) SISIOIXD
a>o SIV » [epowW-NINIAL U0
T1.L 2A0QE o SouwIn 8 e Sururen l62]
180K > e 6/1C  19A0-SSOID) urw ¢ «  J1eS pasisse-onoqoy dxg ‘T8 19 ZounIe
SYOIM § o
q-V SIV « Yoom 1od Kdexayoddry :uo)
OIL O LD » SouIn ¢ [[101 yreqog
TeoK [< e 11/11 I9A0-$SOID) U Gz o ® opuyse Sunig «dxg  [¢]] ‘e 19 Jouyde|
SYOIM { o
Yoam 1od Sururen
ad SIv « sown ¢ o yISuans OIAWOS] JJU0)
LLOVTD . oposnur 1od Sururen [8z]
SYIUOW Q< o G/S  I9A0-SSOID SUONOBIIUOD ()E o 3uans onounjos] <dxg ‘[ 19 ueweIRAR[
SYIUOW 1 o
aD SIv » Yoom 1od Sururen 9oue)sIsal
CILOITO » SouIn ¢ o pue dSlqoldy U0y [Le]
SYIUOW Q< o LTYE udomleg UIW Gp o LLSME PIsIsse-SH -dxg [e 10 ouosaiSueln
as1010%2 Apoq 1oddp) c1uo)
(9S1O10X ANWAIX
SYoM T Jomo[ pue toddn pue
d-Vv SIV « Yoom 1od  yunn pue ‘Surppkd pasisse
T1L 9A0QE o sown ¢ o -SH ‘Sururen Iojouwodoy)
SYIUOW < o 98/911 udomleg Y7 e 9S1010Xd Apog-a[oym dxg  [9g] ‘Te 10 eoren
SYOOM § o Sururen
Yoom 1od 3183 punoISIAQ JU0)

uonuaaur AderoyjorsAyd 1ayoue o) uonuaarul AderoyiorsAyd ouo Surredwod spei], g

(panunuoo) | 3jqey

SPRINGER NATURE



244

P. H. F. de A. Barbosa et al.

Discussion

This systematic review summarises the current state of
evidence about the effectiveness of physiotherapy inter-
ventions for the treatment of spasticity. While we identified
17 trials, none of the interventions or comparison were
sufficiently similar to enable pooling of results. Of the 17
trials, only one [18] indicated a treatment effect and this
trial’s PEDro score was only 6/10 suggesting vulnerability
to bias. The trial examined CPM for the ankle compared to
no treatment. Interestingly, these findings were not repli-
cated in a trial looking at a very similar intervention, namely
passive movements on the ankle [19]. Most trials were
inconclusive due to small sample size and heterogeneity.

Our categorisation of studies into effective, inconclusive
and ineffective was based on our definition of a MCID
(made prior to examining the results). In the absence of any
research that defines the amount of change in spasticity that
people with SCI value after taking into account the time,
cost and potential for harm of the various physiotherapy
interventions [32], we defined the MCID as 10% of the
range of each scale. Readers may disagree with this defi-
nition or opt to interpret the results on the basis of whether
the results are statistically significant or not. However many
researchers (including members of our team) have argued
that we need to move past relying on p values and consider
the size (and precision) of treatment effects [33]. Con-
sideration of the size of treatment effects enables the dis-
tinction between trials that are inconclusive and trials that
indicate that treatments are ineffective. For example, the
very narrow 95% CI in a trial comparing passive standing
and usual care to usual care ruled out a treatment effect on
spasticity unless one values a possible effect as small as
0.15 points on a 7 point scale [20]. In addition, the use of a
MCID ensures that one does not assume that statistically
significant effects are interpreted as clinically meaningful.
For example, the 95% CI associated with the mean
between-group difference for one trial [21] was —3.14 to
—1.12 on a scale spanning 1 to 16 points. The trial was
classified as inconclusive because a possible treatment
effect as small as 1.12/16 points was not considered clini-
cally meaningful. Another trial had a similarly very small
treatment effect [13, 21]. Nonetheless, if readers prefer to
rely on p values then the interpretation of the results will be
largely unchanged because in all but three trials the results
are not statistically significant [13, 18, 21] and one of the
three trials has been classified as “effective” anyway [18]
thereby only potentially changing the interpretation of two
trials: one about TENS [13] and one about sitting astride a
Bobath roll [13].

There are similarities and differences between our find-
ings and those of others. For example, we, like others [4],
have concluded that it is not clear whether robotic gait
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training, hippotherapy, passive movements, passive stand-
ing and kinesiotaping decrease spasticity. However, where
others say that these interventions “may reduce spasticity”
[4], we say the evidence is “inconclusive” (hippotherapy
was inconclusive for the participant-reported outcome but
ineffective for the assessor-reported outcome). In so far as
the phrase, “may reduce spasticity”, is equivalent to
“inconclusive”, our findings about these interventions
broadly align. We would however argue that “may reduce
spasticity” should be interpreted as “may increase or may
decrease spasticity” which is a subtle but important
difference.

A notable difference between our conclusions and those
of others relate to the effectiveness of ES (with or without
cycling). We (and others [9]) have concluded that it is not
clear whether ES has an effect on spasticity, while some
have concluded that ES cycling decreases spasticity [9] (and
others have concluded that ES is ineffective [10]. There are
similar contradictions about the effectiveness of some of the
other interventions which can often be explained by dif-
ferences in the types of studies that have been included.
This is understandable. However, some differences are due
to misinterpretation of data. For example, sometimes
within-group decreases in spasticity from clinical trials
[34, 35] are used to support claims of Level 1B and Level 2
evidence of treatment effectiveness. This categorisation of
these types of studies is misleading because it implies the
evidence is coming from randomised controlled trials
whereas in actual fact the evidence is coming from the
equivalent of a pre-post study (any benefit of the rando-
misation being lost with the analysis). Other contradictions
in the interpretation of evidence are harder to explain. For
example, one review [4] concluded from one trial [21] that
TENS decreases spasticity stating that “Ongoing (TENS)
transcutaneous electrical nerve stimulation programs result
in short-term reductions in spasticity which may last for up
to 24 h” (pg 56 [4]). We concluded on the basis of the same
trial that it is not clear whether TENS decreases spasticity.
The differences between our conclusions for this interven-
tion (and other interventions) and the conclusions of other
systematic reviews point to the difficulties and nuances of
interpreting evidence. It should sound a warning about the
dangers of accepting the results of systematic reviews and
clinical practice guidelines without careful scrutiny.

The results of this systematic review need to be inter-
preted with caution for three main reasons. Firstly, there
were no two studies that were similar enough to consider
pooling results in meta-analyses. Yet, meta-analyses of
many high-quality trials provide the best evidence of
treatment effectiveness (or ineffectiveness). So there is
clearly a need for more trials. Secondly, most trials relied on
the Ashworth or modified Ashworth scale. The ordinal
nature of this scale is very problematic for statistical
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analyses. Ideally, it would have been better to use ordinal
methods (proportional odds) or binary methods (binary
logistic regression) to determine the treatment effects [36].
However, both methods rely on authors providing the count
data for each possible score. These were never provided.
This problem is not unique to the Ashworth scale. For
example, there are the same analytic problems with the
modified Rankin Scale in studies involving survivors of
stroke [37]. The solution is for researchers to either not use
outcomes that rely on short ordinal scales or provide indi-
vidual participant-level data as advocated by Spinal Cord
[38] and other journals. The third reason why the findings of
the included trials need to be interpreted with caution is
because spasticity was measured in different ways in the
studies and may be capturing different phenomena. For
example, some argue that the Ashworth and modified
Ashworth scales do not capture spasticity per se [39, 40]
because according to the original definition of Lance [11],
spasticity is a velocity-dependent response to movement yet
neither scale manipulates velocity [41]. In addition, Ash-
worth scores can be influenced by the presence of con-
tractures; a non-neurological phenomena [41]. Some argue
against the use of either the Ashworth or Modified Ash-
worth scales as measures of spasticity, and instead advocate
for the use of the Tardieu Scale [41]. This issue in part
reflects ambiguities around the definitions of spasms,
spasticity, tone and various other terms used to capture the
different neurological features of an upper motor neurone
syndrome. We have taken a pragmatic approach and used
the term in its broader sense to capture the many different
presentations of involuntary muscle contractions (inter-
mittent or sustained) associated with upper motor neuron
lesions. However, given we have not pooled results in meta-
analyses, the only implication is that the results of the stu-
dies only reflect the effect of the intervention on the type of
spasticity captured in the outcome measure. This may nar-
row the implications of our findings if physiotherapy
interventions affect specific manifestations of spasticity that
are not captured in the outcome measures. But this would
seem unlikely.

We included both assessor-reported and participant-
reported measures of spasticity. In two trials, the results
were conflicting with participants reporting reductions in
spasticity that were not mirrored by reductions in the cor-
responding assessor-reported outcome [13, 30]. Of course,
participants’ perceptions of spasticity and treatment effec-
tiveness are what matter most [12, 42, 43]. So arguably,
these should be the focus of trials. These types of outcomes
are however problematic if sham treatments can not be
used. Without a convincing sham treatment it is not possible
to blind participants and therefore their perceptions may at
least in part reflect their own biases and expectations of
treatment benefit. There are however some interventions in

which it would be possible to provide a sham treatment. For
example, TENS and perhaps ES. For these interventions it
should be relatively simple to conduct high quality clinical
trials to determine treatment effectiveness. This approach
would also by-pass the problems of the Ashworth and other
assessor-reported measures of spasticity.

Some of the included studies compared one treatment to
another treatment. These comparisons do not tell us about
the effectiveness of the treatment per se. However, we
included these comparisons because if one treatment is
superior to another, this provides indirect evidence that the
treatment is superior to no treatment.

The trials included in this systematic review analysed the
effects of physiotherapy interventions at varying times after
the last treatment ranging from a few minutes (the authors
only stated “immediately” after the last treatment) up until
2 months. It may be unreasonable to expect the effects of a
treatment on spasticity to last more than a few hours after the
last intervention. Future trials may therefore be well advised
to distinguish between the immediate effects (within a few
hours of the last treatment) and the lasting effects (more than
1 week after the last treatment). But of course, we also need to
be open to the possibility that no physiotherapy intervention
reduces spasticity. It may not be possible to influence the
excitability of the lower motor neurone with the sorts of
interventions physiotherapists typically administer. Regard-
less, physiotherapists play an important role in the overall
management of spasticity. They treat impairments that can
both contribute to, and result from, spasticity including con-
tractures and pain. They also provide advice and support to
patients about strategies to minimise the deleterious implica-
tions of spasticity and they refer patients on to others for
pharmaceutical or surgical treatments.

This systematic review may not have captured all rele-
vant trials but it nonetheless provides a snap shot of the state
of the evidence. For example, we did not include experi-
mental studies that only provided a one-off physiotherapy
treatment to examine the immediate effects on spasticity.
We reasoned that examining the effects of one treatment
does not mimic clinical practice and the response to just one
treatment may not reflect the response to a treatment pro-
vided on a regular basis. However, we concede that the
inclusion of these studies may have provided a fuller pic-
ture. We also did not include trials that were not published
in English. However, these trials are more likely than trials
published in English to be negative or inconclusive so their
addition may not have changed our results because pub-
lication bias tends to see trials with no effect being pub-
lished in non-English journals and trials with an effect being
published in English journals.

The results of this systematic review highlight how little
we currently know about the effectiveness of different
physiotherapy interventions for the management of
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spasticity with only one trial involving CPM for the ankle
(compared to no treatment) suggesting a treatment effect. It
is surprising that such little attention has been directed to
this issue given its importance to people with SCI, and
given the amount of time and effort physiotherapists devote
to administering various interventions for this purpose.
Admittedly there are clearly difficulties with conducting
clinical trials in this area, particularly with quantifying and
objectively measuring spasticity. However, perhaps some of
these problems could be by-passed if researchers were more
willing to rely on participant-reported measures of spasti-
city. Participants’ perceptions are after all what matters most
and should be the focus of future trials.
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