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Abstract

Study design Systematic review.

Objective To determine whether any physiotherapy interventions increase Spinal Cord Independence Measure or Functional
Independence Measure scores (SCIM/FIM) in people with spinal cord injury (SCI), with the overall aim of determining
whether any physiotherapy interventions need to be controlled for in studies examining the effects of novel experimental
interventions on SCIM/FIM.

Methods A systematic review was conducted to identify all randomised controlled trials examining the effect of any
physiotherapy intervention on SCIM/FIM in people with SCI. PEDro scores were used to rate risk of bias. The results of
similar trials and comparisons were pooled using meta-analyses.

Results Thirty-three trials met the inclusion criteria but only 27 provided useable data. The median (IQR) PEDro score was
6.0 (4.0-7.0). A meta-analysis of four trials comparing robotic gait training with overground gait training that used
a combination of FIM/SCIM indicated a pooled mean (95% CI) between-group difference of 0.38 standardised mean
difference (SMD; 95% CI, 0.08-0.67). A second meta-analysis of two trials comparing upper limb training with and without
functional electrical stimulation using FIM indicated a pooled (95% CI) between-group difference of 1.31 SMD (0.62—1.99).
Another six trials examining a range of different physiotherapy interventions reported a statistically significant mean
between-group difference on SCIM/FIM.

Conclusion There is low-quality evidence to indicate that a small number of physiotherapy interventions increase SCIM/FIM.
The importance of controlling for all physiotherapy interventions in studies examining the effects of novel experimental
interventions on SCIM/FIM is as yet unclear.

Introduction

The Spinal Cord Independence Measure [1] and the Func-
tional Independence Measure [2] scores (SCIM/FIM) are
often used as outcome measures for cohort studies and
clinical trials designed to determine the effectiveness of
different novel experimental interventions including
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pharmacological, biological, technological and other emer-
ging interventions [3]. However, there is always the concern
in these types of studies that SCIM/FIM are not only
influenced by the experimental intervention but also by
standard care, and particularly by the various physiotherapy
interventions commonly administered. If this is the case,
then in cohort studies, the type and amount of physiother-
apy could confound the causal relationship between the
experimental intervention (exposure) and the SCIM/FIM
(outcome). For this reason, physiotherapy interventions
would need to be controlled for in the design and/or analysis
of the study. The same would need to occur in clinical trials
that use any analysis apart from an intention-to treat ana-
lysis (for example, a Complier Average Casual Effect
Analysis; see Supplementary File 1 for a more detailed
explanation of these issues with accompanying Directed
Acyclic Graphs).

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-021-00638-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-021-00638-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-021-00638-0&domain=pdf
http://orcid.org/0000-0002-4365-0236
http://orcid.org/0000-0002-4365-0236
http://orcid.org/0000-0002-4365-0236
http://orcid.org/0000-0002-4365-0236
http://orcid.org/0000-0002-4365-0236
http://orcid.org/0000-0001-5810-2788
http://orcid.org/0000-0001-5810-2788
http://orcid.org/0000-0001-5810-2788
http://orcid.org/0000-0001-5810-2788
http://orcid.org/0000-0001-5810-2788
mailto:l.harvey@usyd.edu.au
https://doi.org/10.1038/s41393-021-00638-0
https://doi.org/10.1038/s41393-021-00638-0

706

L. A. Harvey et al.

To determine whether physiotherapy interventions could
confound the causal relationship between novel experi-
mental interventions and SCIM/FIM, we wanted to deter-
mine whether any physiotherapy interventions increase
SCIM/FIM [3]. We acknowledge that understanding the
effect of physiotherapy interventions on SCIM/FIM is only
half of the equation because to be a confounder these
interventions need to also determine (or in part determine)
whether a person receives the novel experimental inter-
vention. Nonetheless understanding the effect of phy-
siotherapy interventions on SCIM/FIM is an obvious first
step to understanding whether any of these interventions
could be a potential confounder in cohort studies and clin-
ical trials involving novel experimental interventions. And
irrespective of this, if physiotherapy interventions increase
SCIM/FIM, they can increase the imprecision of treatment
effects in cohort studies and clinical trials. Standardising
physiotherapy would therefore provide one way to increase
the precision of estimates without the need to increase the
sample size. Therefore, the aim of this systematic review
was to determine the effect of physiotherapy interventions
on SCIM/FIM in people with SCI. Importantly, we did not
set out to determine the effect of physiotherapy interven-
tions on function per se. Our focus was specifically on
SCIM/FIM to guide the design of cohort studies and clinical
trials, which typically rely on SCIM/FIM as outcome
measures.

Methods

Searches were conducted from inception to May 2020 of the
following databases: Embase, Medline and the Cochrane
Central register of controlled trials (all via the Ovid search
engine). The Cochrane search strategy for identifying clin-
ical trials [4] was combined with variations on the following
terms to capture trials involving people with SCI: para-
plegia, quadriplegia, tetraplegia, wheelchair and spinal cord;
and to capture SCIM or FIM: spinal cord independence
measure, SCIM, functional independence measure, FIM
(wildcard characters were used to identify variations on
these terms). Adjustments were made for each database and
lines were added to the search strategy to exclude animal
studies (see Supplementary File 2 for details of the search
strategy). In addition, we scanned our own database of
previously identified randomised controlled trials involving
any physiotherapy interventions administered to people
with SCI [5]. This database included our search results of
the PEDro database for all physiotherapy interventions
applied to people with SCI. In addition, our database
includes trials that the authors have incidentally found over
the years through many different sources including word-of-
mouth. The titles and abstracts were independently screened

SPRINGER NATURE

by two people (LH, JC) and full papers of potentially eli-

gible trials were then retrieved and again screened by the

same two people. Disagreements were resolved by discus-

sion and arbitration by a third person (JG). Trials that were

not published in English were not considered for inclusion.
The inclusion criteria were as follows:

Participants

Only trials that included adults with a traumatic or non-
traumatic SCI were included irrespective of time since
injury. If trials included participants with conditions other
than SCI, they were only included if 80% or more of the
participants had a SCI.

Intervention

Trials were included if they involved a typical physiother-
apy intervention such as some type of gait training, any
form of exercise, passive interventions such as stretch or
passive movements and hand therapy. Trials that also
included surgery, pharmacological or psychological inter-
ventions were only included if these interventions were
provided to the control and experimental groups in exactly
the same way. Trials examining cranial or epidural stimu-
lation or acupuncture were not included.

Comparator
Trials were included if they compared:

(i) a physiotherapy intervention with a sham or no

intervention

(ii) a physiotherapy intervention with another physiotherapy
intervention

Outcomes

Trials were only included if any version of SCIM and/or
FIM were used as outcome measures. In trials that measured
both SCIM and FIM, SCIM results were extracted and used
for the primary analyses, but FIM results were also
extracted for secondary analyses undertaken to determine
whether our conclusions were robust to our preferential
choice of SCIM over FIM. The SCIM/FIM results could be
expressed in any way including total scores, sub-scores or
scores of individual items but preference was given to total
scores. If scores were provided of more than one item of the
SCIM or FIM but a total score was not provided (see for
example [6]), these scores were not tallied but instead data
from the item reflecting the biggest treatment effect was
extracted in the knowledge that this would bias the
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systematic review in favour of demonstrating a treatment
effect. In trials that measured outcomes on more than one
occasion, the outcomes measured at the first endpoint after
the last treatment were used.

Trial design

Only randomised between-group and cross-over controlled
trials were included.

Data extraction and synthesis

Data from each trial were extracted onto an Excel spread-
sheet that had been designed and tested for the purpose. One
author (LH) extracted the descriptive data including the
design of the study, sample size, types of participants, the
intervention and comparator and the details of the items of
the SCIM and/or FIM that were measured. These data were
then checked by a second author (JC). Two authors (LH and
JG) then independently extracted the SCIM/FIM data and
the third author (JC) arbitrated any differences. On the one
paper that LH was an author, JC and JG independently
extracted the SCIM/FIM data.

The appropriate SCIM and/or FIM data were extracted in
order to determine mean between-group differences and
95% confidence intervals (95% CI). If necessary, software
(Pixelruler’ [7]) was used to convert distances on graphs to
SCIM and/or FIM scores. Preference was given to extract-
ing mean (95% CI) between-group differences of post data
adjusted for baseline scores (this requires assuming a
common SD calculated using Review Manager: see section
6.5.2.3 of Review Manager [4]). If these data were not
reported then mean (SD) change data were extracted (these
data were not used in meta-analyses in which the results
were expressed as Standardised Mean Differences (SMD)
unless all included trials expressed results in the same way;
see Section 10.5.2 of Review Manager [4]). As a last resort,
mean (SD) post-intervention scores were extracted. In one
trial [8], post data were extracted even though the trial also
provided change data to enable pooling across trials with a
SMD. For trials which only provided medians and inter-
quartile ranges (IQR), the median was used as a mean, and
the SD was estimated as the IQR divided by 1.35 [4]. There
were only two cross-over trials and both only provided the
data pooled for each treatment irrespective of order [9, 10].
These data were used in the analyses. Standard errors, 95%
CIs, p values and any other appropriate combination of data
or statistical results were converted into SDs using the
calculator function of the RevManager software [11]. Data
that were only presented for subgroups (e.g. people with
complete and incomplete lesions) were not considered
useable unless the data from each subgroup were provided
or unless randomisation was stratified by the characteristic

defining the subgroup. For example, if authors only pro-
vided the data from a subgroup of participants with upper
motor neuron (UMN) lesions and did not provide any data
for those with a lower motor neuron (LMN) lesion, then the
data from the subgroup with UMN were only used if ran-
domisation was stratified by UMN and LMN lesion type.
This was done to ensure the fidelity of randomisation was
not lost. Where data for all subgroups were provided
separately, they were combined using the STATA com-
mand of Stata v16 (see section 6.5.2.10 of Review Man-
ager) [4].

The results of trials with similar comparisons were
pooled through meta-analyses, provided there was no
excessive clinical or statistical heterogeneity. The following
issues were considered when making decisions about clin-
ical heterogeneity: type of participants, type and intensity of
the intervention and the design of the trials. Decisions about
statistical heterogeneity were based on the I statistic: trials
were not pooled if the I? was >75% [4]. A random-effects
model was used for all meta-analyses using RevMan v5.3
[11] and results were expressed as SMD to accommodate
the differences in the reporting of the FIM and SCIM.

The PEDro rating scale was used to assess the risk of
bias of all included trials. This scale rates the following ten
items as satisfied or not satisfied: Random allocation,
Concealed allocation, Baseline comparability, Blinding of
subjects, Blinding of therapists, Blinding of assessors,
Adequate follow-up, Intention-to-treat analysis, Between-
group comparisons, Point estimates and variability. One
author rated all the trials, a second author retrieved the
PEDro scores from the PEDro website (the PEDro website
is unique in that all trials included are provided with a score
on the PEDro scale) and compared them to the first author’s
ratings and scored any trials missing on the PEDro website.
A third author resolved any disparities between the first
author and the PEDro website or second author.

Results

A total of 735 papers were retrieved from the searches.
There were 429 papers after duplicates were removed (see
Fig. 1). Twenty-four trials met the inclusion criteria.
Another nine were identified from our own database. Ulti-
mately, 33 trials [6, 8—10, 12-40] met the inclusion criteria
but only 27 provided useable data and hence were included
[6, 8-10, 12-30, 35, 38—40] (See the Supplementary File 3
Table 1 for the details of the six trials that did not provide
useable data; in brief none of these trials reported a
mean between-group difference or data to derive the this
value and its 95% CI).

The number of participants in the trials ranged from 7 to
116 with a median (interquartile range) of 30 participants

SPRINGER NATURE
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Retrieved from search of Medline,
Embase and Central in May 2020
(after duplicates removed)

n =429

Met the inclusion criteria
n=24

Identified from other sources
n=9

Total that met the inclusion criteria
n=33

Provided useable data
n=27

Fig. 1 Flow chart.

(21-44) (see Table 1). Twenty-five of the 27 trials had a
between-group design and two had a cross-over design
[9, 10]. Two of the trials compared three groups [35, 40]
and the other trials compared two groups.

Sixteen of the trials only measured SCIM [6, 8, 9,
15-17, 19-22, 25, 27, 29, 38-40], eight trials only measured
FIM [10, 12, 13, 18, 26, 28, 30, 35] and three trials mea-
sured both SCIM and FIM [14, 23, 24]. The risk of bias as
per each PEDro item is provided in Figs. 2—4. The median
(IQR) PEDro score was 6.0 (4.0-7.0). The commonest
sources of potential bias were failure to conceal allocation
and failure to blind participants, therapists and assessors.

Physiotherapy versus a sham or no intervention

Eleven trials compared a physiotherapy intervention to a sham
or no intervention [14-16, 18, 19, 23, 24, 26, 28, 29, 40].
These trials examined the effectiveness of upper limb therapy
[14, 16, 23, 24], gait training [19, 28], general exercise
[15, 26, 29, 40] and arm positioning in bed [18] (see Fig. 2).
Another two trials examined upper limb therapy and were
sufficiently similar to consider pooling (FES for upper limb
training) [23, 24]. However, the results of these two trials
could not be pooled in a meta-analysis because they used
different components of SCIM scores necessitating the use of
a standardised mean difference but one trial provided post
data [23] and the other trial provided change data [24]. Hence
the results of all 11 trials are presented individually.

Two of the 11 trials indicated a statistically significant
treatment effect [29, 40]. One trial compared a “sitting pivot
transfer exercise program” and usual therapy with usual
therapy alone for people who were wheelchair dependent
for at least 6 months [29] and the other trial compared
“advanced weight-bearing mat exercises” and electrical
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stimulation with no intervention in people with paraplegia
for more than 1 year [40]. The mean (95% CI) between-
group differences were 1.6/100 pts (0.7-2.4) and 4.1/100
pts (1.1-7.1), respectively. The 95% ClIs indicated the
possibility of trivially small effects of 0.7/100 pts or larger
effects of 7.1/100 pts, respectively. The other nine trials
failed to find statistically significant treatment effects. Their
estimates were imprecise as reflected by wide 95% Cls. As
such, they failed to rule out the possibility of clinically
important treatment effects.

One type of physiotherapy intervention versus
another type of physiotherapy intervention

Sixteen trials compared one type of physiotherapy
intervention with another type [6, 8-10, 12, 13, 17,
20-22, 25, 27, 30, 35, 38, 39] (See Figs. 3 and 4).

Five of these trials [8, 12, 22, 30, 35] compared robotic
gait training with overground gait training and had similar
designs, inclusion criteria and comparisons to consider pool-
ing of data. However, they used combinations of SCIM and
FIM necessitating the use of a SMD and hence the use of
either post or change data (but not both). Four of the five
trials provided post data and were pooled for analyses
[8, 12, 22, 30] (one trial only provided change data [35]). The
pooled SMD of the four trials was 0.38 SMD (95% CI,
0.08-0.67; p = 0.01, > = 22%) favouring robotic gait training
(see Supplementary File 3, Fig. 1). The estimate of the fifth
trial was precise and failed to demonstrate a treatment
effect with a mean (95% CI) between-group difference of
—0.5/7 pts (—1.1 to 0.1) on the FIM locomotor item [35].

Another five trials examined the effectiveness of different
doses of robotic gait training [25], or compared either robotic
gait training or body-weight supported treadmill training (with
or without electrical stimulation) versus one of the following:
strength training [9], tilt table standing [10], passive lower
limb movements [27] or body-weight supported treadmill
training with general exercise [38] (see Fig. 3). None of these
five trials demonstrated a treatment effect.

Four trials compared various interventions that did not
involve gait training. They included strength training versus
endurance training [13], activity-based therapy versus upper
limb training [17], sitting balance training with and without
virtual reality [21], and short-sitting balance training versus
long-sitting balance training [6] (see Fig. 4). Three of four
trials demonstrated modest treatment effects [6, 13, 21].
Another two trials compared robotic upper limb training
with conventional upper limb training [20, 39]. These two
trials could not be pooled because one measured SCIM total
scores [20] and the other SCIM self-care sub-scores [39].
Consequently, the results needed to be expressed as a SMD
but could not be pooled because one provided post data [39]
and the other provided change data [20]. The two trials
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Table 1 Details of the included trials.

Study Comparison and number of  Dosage
participants included in
analyses

Design and
number of

participants
randomised

Participants

SCIM or FIM  PEDro score

Trials comparing a physiotherapy intervention with no intervention or a sham intervention (see Fig. 2)

Upper limb training

Dimbwadyo- Exp: Virtual reality for upper ¢ 30 mins
Terrer et al.  limb training plus usual upper 3 days per week
2016 [14] limb therapy (n = 16) *5 weeks

Cont: Usual upper limb

therapy (n = 15)

Harvey et al. Exp: Rejoyce and FES and *lh

2017 [16] usual upper limb therapy 5 days per week
(n=35) * 8 weeks
Cont: Usual upper limb
therapy (n=31)

Popovic et al. Exp: FES and usual upper *lh

2011 [23] limb therapy (n =9) *5 days per week
Cont: Usual upper limb * 8 weeks
therapy (n=12)

Popovic et al. Exp: FES and usual upper *45 min

2006 [24] limb therapy (n = 12) *5 days per week
Cont: Usual upper limb * 12 weeks

therapy (n=9)

Gait training

Sharp et al.  Exp: Mental practice and * 30 min
2014 [19] over-ground gait training * 3 days per week
(n=3) * 8 weeks

Cont: Over-ground gait
training® (n ="7)
(Exp: Functional MRI

(n=0))
Yildirim Exp: Robotic gait training and * 30 min
et al. 2019 conventional gait training *2 times per week
[28] (n=44) * 8 weeks

Cont: Conventional gait
training (n = 44)

General exercise

Jones et al.  Exp: A package of PT *3h

2014 [15] interventions (n = 20) * 3 times per week
Cont: No intervention * 24 weeks
(n=21)

Yildirim Exp: Resistance training for <1h

et al. 2016 upper limbs provided in *5 times per week

[26] circuit class and usual care * 6 weeks
(n=13)

Cont: Usual care (n=13)

You et al. Exp: Pivot transfer training ¢ 30 min
2017 [29] and usual therapy (n = 12) * 3 times per week

Cont: Usual therapy (n =10) *6 weeks
Rahimi et al. Exp: Electrical stimulation ¢ 10 min increased to
2020 [40] and mat exercises (n =5) 54 min

Cont: No intervention (n =6) 3 times per week
(Exp: Mat exercises (n=15)) *24 weeks

Between-
participant
(n=31)

Between-
participant
(n="70)

Between-
participant
(n=24)

Between-
participant
(n=21)

Between-
participant
(n=18)

Between-
participant
(n=288)

Between-
participant
(n=48)

Between-
participant
(n=26)

Between-
participant
(n=22)

Between-
participant
(n=16)

*<1 year
*C5-C8
*AIS A-B
*71% male

* <6 months
«C2-T1

* AIS A-D
¢ 87% male

* <6 months
*«C4-C7

* AIS B-D
*76% male
e <1 year
*«C3-C7

¢ AIS B-D

* 100% male

*>] year

NP

* NP (but some lower limb
strength)

* 84% male

* <6 months
o >T7

* AIS A-D
* 63% male

*>] year
*«C2-T10

* AIS C-D
*77% male

NP
*T5-1L4

*« AIS A-C
* 84% male

*>] year

* C4-T6

* AIS A-C
*77% male

*>] year
*«T2-T12

* AIS A-B
*27% male

SCIM III - self- 6

SCIM 1II - self- 8

SCIM III - total 6

SCIM III - total 5

SCIM 1II - total 7

SPRINGER NATURE
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Table 1 (continued)

Study Comparison and number of  Dosage Design and Participants SCIM or FIM  PEDro score
participants included in number of
analyses participants
randomised
Arm positioning in bed
Crowe et al.  Exp: Upper limb positioning ¢ 45 min Between- * <6 months FIM - total 6
2000 [18] whilst in bed (n = 18) *5 times per week participant «C2-C7 (/126 pts)
Cont: No positioning *2-12 weeks (n=139) *NP
(n=21) *90% male

Trials comparing a one type of gait training intervention with either another type of gait training intervention or

intervention (see Fig. 3)

Robotic gait training vs over-ground gait training

Alcobendas-
Maestro et al.
2012 [30]

Esclarin-Ruz
et al. 2014
[12]

Hornby et al.
2005 [35]

Midik et al.
2020 [8]

Shin et al.
2014 [22]

Exp: Robotic gait training

(n=37)

Cont: Overground gait

training (n = 38)

Exp: Robotic gait training

(n=41)

Cont: Overground gait

training (n = 42)

Exp: Robotic gait training

(n=10)

Cont: Overground gait
training (with mobile body
weight suspension) (n = 10)
(Exp: Body-weight supported
treadmill training (n = 10))

Exp: Robotic gait training

(n=15)
Cont: Conventional

rehabilitation including
overground gait training

(n=15)

Exp: Robotic gait training

(n=27)

Cont: Overground gait

training (n = 26)

Other types of gait training

Wirz et al.
2017 [25]

Labruyere
etal. 2014 [9]

Adams et al.
2011 [10]

Cheung et al.
2019 [27]

Exp: 50 min robotic gait

training (n =9)

Cont: 25 min robotic gait

training (n =9)

Exp: Robotic gait training

(n=38)

Cont: Strength training -

(n=38)

Exp: Body-weight supported
treadmill training (n = 7)
Cont: Tilt table standing

(n=T)

Exp: Robotic-assisted body
weight supported treadmill

training (n = 8)

Cont: Passive lower limb

movements (n = 8)

*lh
* 5 times per week
* 8 weeks

* 60 min
5 times per week
* 8 weeks

* 30 min
* 3 times per week
* 8 weeks

* 30 min
3 times per week
*5 weeks

* 40 min
*3 times per week
*4 weeks

*<1lh
*3-5 days per week
* 8 weeks

*45 min
* 4 days per week
*4 weeks

*45 min
3 days per week
*4 weeks

*30 min
3 times per week
* 8 weeks

Between-
participant
(n=80)

Between-
participant
(n=288)

Between-
participant
(n=35)

Between-
participant
(n=130)

Between-
participant
(n=060)

Between-
participant
(n=21)

Cross-over
n=9)

Cross-over
(n=7)

Between-
participant
(n=16)

* <6 months
«C2-T12

¢ AIS C-D

* 63% male

¢ <6 months
«C2-L3

* AIS C-D
*71% male

* <6 months
«>T10

* AIS A-D
* NP

* <6 months
*«T12-L3

¢ AIS C-D

¢ 100% male

¢ <6 months
o>L1

«AIS D

* 64% male

* <2 months
*«C4-T12

* AIS B-C
*89% male
*>] year
*«C4-T11

* AIS C-D
*56% male

*>] year
*C5-T10

* AIS A-C
*86% male

¢ >6 months
> L5

* AIS B-D
*69% male

another type of physiotherapy

FIM - walking
and stair items
(/14 pts)

FIM- walking
and stairs items
(/14 pts)

FIM -
locomotor item

(/7 pts)

SCIM 1I - total
(/100 pts)

SCIM 1II-
mobility sub-
score (/40 pts)

SCIM 1II-
mobility sub-
score (/40 pts)

SCIM III - total
(/100 pts)

FIM - motor
subscale
(/91 pts)

SCIM TII -total
(/100 pts)

SPRINGER NATURE
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Table 1 (continued)

Study Comparison and number of  Dosage Design and Participants SCIM or FIM  PEDro score

participants included in number of

analyses participants

randomised

Hitzig et al.  Exp: Body-weight supported *45 min Between- *>18 months SCIM III- 6
2013 [38] treadmill training + FES 3 times per week participant *>T12 mobility sub-

(n=16) * 4 months (n=134) * AIS C-D score (/40 pts)

Cont: Body-weight supported *77% male

treadmill training 4 general
exercise (n=11)

Trials comparing some type of general exercise + gait training with another type of physiotherapy intervention (see Fig. 4)

General exercise * gait training

Dost et al. Exp: Strength training with  *45 min

2014 [13] arm cranking (n = 10) *5 times per week
Cont: Endurance training with 5 weeks
arm cranking (n =9)

Galea et al.  Exp: Body weight supported ¢ 90 min

2018 [17] treadmill training and FES 3 times per week
cycling and trunk exercise * 12 weeks
(n=153)
Cont: Upper limb training
(n=47)

Khurana Exp: Sitting balance training *45 min

et al. 2017 with virtual reality (n =15) 5 times per week

[21] Cont: Sitting balance training <4 weeks
without virtual reality
(n=15)

Kaur et al. Exp: Short sitting balance *30 min

2009 [6] training (n = 15) *5 times per week
Cont: Long sitting balance *2 weeks
training (n = 15)

Robotic upper limb training

Jung et al. Exp: Robotic upper limb * 40 min

2019 [39] training (n = 17) * 3 times per week
Cont: Conventional upper *5 weeks
limb training (n = 13)

Kim et al. Exp: Robotic upper limb *30 min

2019 [20] training (n = 15) *5 times per week
Cont: Conventional upper *4 weeks

limb training (n = 15)

participant
n=19)

Between-
participant
(n=116)

Between-
participant
(n=730)

participant
(n=730)

Between-
participant
(n=238)

Between-
participant
(n=134)

Between- * NP FIM - total 4
*T5-1L4 (/126 pts)
«AIS A, C-D
* 100% male
*>6 months SCIM III - total 7
e>12 (/100 pts)
* AIS A-D
* 85% male
¢ < 6 months SCIM III - self- 7

*T6-T12 care (/20 pts)
* AIS A-B
*93% male
Between- * NP SCIM - 5
*T7-T12 dressing item
« AIS A-B (/7 pts)
*NP
* <2 years SCIM 1II- self- 4
*«C2-C8 care sub-score
* AIS A-D (/20 pts)
*80%
e <] year SCIM III - total 8
*C2-T1 (/100 pts)
* AIS A-D
* 82% male

The number of participants refers to the number included in the final analysis. The version of the SCIM is provided if specified in the paper.

Abbreviations: NP not provided, SCIM Spinal Cord Independence Measure, FIM Functional Independence Measure, Pts points, n number, AIS
American Spinal Injuries Association Impairment Scale, FES Functional Electrical Stimulation, MRI magnetic resonance imaging, PT

physiotherapy.

*The paper makes passing reference to a third group (Fig. 1) that “was randomized to fMRI” and states that “data are to be reported elsewhere” but

there is not further mention of this group.

provided conflicting results. One did not demonstrate a
treatment effect [39] and the other demonstrated a small
treatment effect with a mean (95% CI) between-group dif-
ference of 9.3/100 pts (2.0-16.7) [20].

Sensitivity analysis

Three trials measured both FIM and SCIM [14, 23, 24].
There were no statistically significant between-group

differences on SCIM scores in any of the three trials but
there were statistically significant between-group differ-
ences on FIM scores in two trials [23, 24] (see Supple-
mentary File 3, Fig. 2). These two trials both examined
upper limb training with and without functional electrical
stimulation. They were similar and therefore pooled in a
meta-analysis. The pooled SMD was 1.31 SMD (95% CI,
0.62-1.99; p =0.0002, P= 0%) indicating a notable treat-
ment effect (see Supplementary File 3, Fig. 2A).

SPRINGER NATURE



712

L. A. Harvey et al.

A. Upper limb training

Experimental Control

Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD_Total IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFGHI1J
Virtual reality
Dimbwadyo, 2016 - SCIM self-care subscale (20 pts) 1126 1.9273 16 2.2 1.7805 15 -1.08[-2.38,0.23) H S92 0002009®
Rejoyce and FES
Harvey, 2017 - SCIM self-care subscale (20 pts) 1041 43442 35 88 43442 31 1.30(0.80,3.40] = eo0000888®
FES
Popovic, 2006 - SCIM total (100 pts) 248 128 12 145 168 O 1030(2:88,23.48) ———— @ ®
Popovic, 2011 - SCIM self-care subscale (20 pts) 12 8 9 62 6 12 580(0.43,12.03) — R 1 R TR
20 -10 10
Favours [control] Favours [experimental]
B. Gait Training
Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD_Total Mean SD_Total IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFGHIJ
Mental practice
Sharp, 2014- SCIMtotal (100 pts) 834 10.0554 8 851 10.0554 7 -1.70[-11.90,8.50] —H— 29209+ @+
Robotic gait training
Yildirim, 2019 - FIM total (126 pts) 85 259 44 77 178 44 8.00[1.29,17.29] = 299V @v
80 25 25 50
Favours [control] Favours [experimental]
C. General exercise
Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% C| ABCDEFGHI J
Activity-based therapy
Jones, 2014- SCIMtotal (100 pts)  1.35 52 20 0 453 21 1.35[164,434) i 20200+ @+ ®
Resistance training for upper limbs provided in circuit class
Yildirim, 2016 - FIM total (126 pts)  103.6 128 13 966 87 13 7.00[1.41,15.41) T 90900000068
Transfer training
You, 2017 - SCIM total (100 pts) 175 128 12 02 063 10 155[0.72,238) + 292000+ ®+ =
Mat exercises + FES
Rahirmi, 2020 - SCIM (100 pts) 38 33 5 -03 08 6 410[1.14,7.08 — PPP0000009
EFNE] 5 10
Favours [control] Favours [experimental]
D. Arm positioning in bed
Experimental Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% Cl IV, Fixed, 95% CI ABCDEFGHIJ
Arm position
Crowe, 2000 - FIM total (126 pts) 82 28 18 73 26 21 9.00[-8.06,26.06] S L PP2000000%
-50 25 25 50

Fig. 2 Forest plot of trials comparing a physiotherapy intervention
with no intervention or a sham intervention. Either SCIM or FIM
were measured. The results are expressed as Mean Differences. The
results are based on post data in four trials [18, 23, 26, 28], change data in
five trials [14, 15, 24, 29, 40] and between-group differences of post data
adjusted for baseline scores in two trials [16, 19]. In one trial, data were
reported separately for two subgroups of participants [24]. These data
were combined (see Methods section). The risk of bias indicates high

Discussion

The motivation for this systematic review came from con-
cerns that physiotherapy interventions could confound the
causal relationship between exposure to a novel treatment
approach (e.g. biological or pharmacological therapies and
other emerging interventions) and SCIM/FIM in cohort
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Favours [control] Favours [experimental]

(red) or low (green) risk of bias on each of the following PEDro items:
A random allocation, B concealed allocation, C baseline compatibility,
D participant blinding, E therapist blinding, F assessor blinding, G ade-
quate follow-up, H intention-to-treat analysis, I between-group differ-
ences, J point estimates. Abbreviations: FES functional electrical
stimulation, SCIM spinal cord independence measure, FIM functional
independence measure, Pts points.

studies and some analyses of clinical trials. The most
notable finding was that robotic gait training compared with
overground gait training increases SCIM/FIM scores with a
SMD of 0.38 (95% CI, 0.08-0.67; see Supplementary file,
Fig. 1). However, two of the four trials contributing to this
meta-analysis had PEDro scores of 3/10 [22] and 4/10 [8]
indicating high susceptibility to bias, and one trial [35] that
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Experimental Control Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD_Total Mean SD_Total IV, Random, 95% CI IV, Random, 95% CI ABCDEFGHIJ
Robotic vs overground training

Alcobendas-Maestro, 2012 - FIM walkistair (14 pts) 10 4444 37 7 37037 38 3.00(1.15,4.85] + P00 PE@®

Esclarin-Ruz, 2014 - FIM walkistair (14 pts) 893 276 41 7.86 273 42 1.07 10.11,2.25] F +++@@+ v+ 4+

Hornby, 2005 - FIM locomotor (7 pts) 16984615 064615385 10 2196923 06276923 10  -050[1.06,006] 2000005205 %

Midik M, 2020 - SCIM total (100 pts) 791 178157 15 762 02952 15 2.90(7.27,13.07] —T— +@= 0004

Shin, 2014 - SCIM mobility subscore (40 pts) 10 1826 27 g 2444 26 1.00[-10.88,12.88] — +©+000+:000
Robotic vs robotic

Wirz, 2017- SCIM mobility subscore (40 pts) 19 1825 9 10 928 9 9.00[323,21.23 S A PEP000205%
Robotic vs strength training

Labruyére, 2014 - SCIM total (100 pts) 89.27 76 8 89.2 78 8 007[7.53,767] o 2000000900
Treadmill training vs tit table standing

Adams, 2011 - FIM motor subscale (31 pts) 76.3 "7 7 76.1 125 7 0.20(1248,1288) — +00000+0++
Robotic vs passive lower limb movements

Cheung, 2019 - SCIM total (100 pts) 7 %32 8 803 1769 8 -9.30[-31.28,1268) — PEP00PP0E

=~ Treadmill training + ES vs Treadmill training + general exercise

Hitzig, 2013 - SCIM mobility subscore (40 pts) 2133 762 16 17.36 546 11 3.97 [-0.96, 8.90] -— POP002004@

Fig. 3 Forest plot of trials comparing one type of gait training
intervention with either another type of gait training intervention
or another type of physiotherapy intervention. Either SCIM or FIM
were measured. The results are expressed as Mean Differences. The
results are based on post data in eight trials [8-10, 12, 22, 27, 30, 38]
and change data in two trials [25, 35]. In one trial, data were reported

Control
Mean

Experimental

Study or Subgroup Mean SD_Total

-50 50

-25
Favours [control] Favours [experimental]
separately for two subgroups of participants [12]. These data were
combined (see Methods section). In one study [35] it was assumed that
the error bars were SDs but this was not clearly stated in the paper.
Abbreviations: SCIM spinal cord independence measure, FIM func-
tional independence measure, Pts points.

Strength training vs endurance training

Dost, 2014 - FIM total (126 pts) 103.03 879 10 94.56

Activity-based therapy vs upper limb training

Galea, 2018 - SCIM total (100 pts) 61 5.755 59.7 5

Sitting balance training with virtual reality vs without virtual reality
Khurana, 2017 - SCIM self-care subscale (20 pts) 13 151 11.33
Short sitting balance training vs long sitting balance training

Kaur, 2009 - SCIM dressing (7 pts) 4.06 079 26
Robotic upper limb training vs conventional upper limb training
Jung, 2019 - SCIM self-care subscore (20 pts) 823 6.74

Kim, 2019 - SCIM total (100 pts) 6.6 555234828

17
15

823

Fig. 4 Forest plot of trials comparing some type of general
exercise + gait training with another type of physiotherapy inter-
vention. Either SCIM or FIM were measured. The results are expressed
as Mean Differences. The results are based on post data in four trials
[6, 13, 21, 39], change data derived from participant-level data provided

failed to demonstrate a treatment effect was excluded from
the meta-analysis. For these reasons, the results of the meta-
analysis need to be interpreted with caution and summarised
as initial weak evidence that robotic gait training increases
SCIM/FIM scores. There was some limited evidence from
six other trials to indicate that various physiotherapy inter-
ventions increase SCIM/FIM [6, 13, 20, 21, 29, 40]. Four of
the six trials compared one intervention to another inter-
vention [6, 13, 20, 21], and two compared one intervention
to no intervention or a sham intervention [29, 40]. The types
of interventions included robotic upper limb training [20],
mat exercises with electrical stimulation [40], transfer
training [29], strength training with arm cranking [13], and
sitting balance training with and without virtual reality
[6, 21]. A mix of SCIM and FIM were used in these trials.
The size of the treatment effects was generally small (e.g. 9/
100 points [20]), 4/100 points [40], 2/100 points [29], 8/126
points [13], 1.5/7 points [6], 1.7/20 points [21]) but most of
the estimates were reasonably precise as reflected by the

967

755

678

-2.73333 13.360211

Mean Difference Mean Difference Risk of Bias
SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDEFGHIJ
9 8.47[0.13,16.81] —— 20200000+ =
47 1.300.96, 3.56] 1+ EYY I XX I L
15 1.67(027,3.07) H P90000000@
15 1.46(0.85,2.07) 202000205%
13 0.00 (4.8, 4.88) e 202000005 %
15 9.33[2.01,16.66) B T2+ @@+ s s e
20 -0 10 20

Favours [control] Favours [experimental]

in a Supplementary file in one trial [20] and between-group differences
of post data adjusted for baseline scores in one trials [17]. SCIM spinal
cord independence measure, FIM functional independence measure,
Pts points.

narrow 95% Cls (see Figs. 2—4). Two additional trials had
contradictory results, demonstrating a statistically sig-
nificant between-group difference on FIM (see Supple-
mentary File 3, Fig. 2A) but not SCIM (see Fig. 2)[23, 24].
The PEDro scores suggested high susceptibility to bias in
most trials. A common source of bias was the failure to
blind participants and therapists: it is acknowledged that this
is rarely possible in trials of physiotherapy. On the one
hand, the treatment effects of the positive trials may have
been smaller (or even disappeared) if the trials had been less
vulnerable to bias. On the other hand, the effect of these
interventions might have been more pronounced if they
were compared to no treatment rather than to an alternate
physiotherapy intervention. The middle ground between
these two extremes suggest that some of these physiother-
apy interventions may have a small effect on SCIM/FIM.
The included trials used different combinations of SCIM
and FIM scores with some trials providing total scores and
others only providing sub-scales or scores of individual
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items. We prioritised total scores even though these cap-
tured some SCIM and FIM items that are unlikely to be
affected by physiotherapy interventions. We reasoned that
the inclusion of items unaffected by physiotherapy should
not hide a treatment effect on other items of the SCIM and
FIM although it may diminish the size of the treatment
effect. This approach is also justified given the aim of this
systematic review was to guide future large studies designed
to determine the effect of experimental interventions
including pharmacological, biological, technological and
other emerging interventions. These types of studies are
most likely to use total FIM or SCIM scores, not sub-scores.

Needless to say, the failure of most trials to demonstrate a
statistically significant between-group difference should not
be interpreted as evidence that physiotherapy interventions
do not increase SCIM/FIM, for a number of reasons. First,
some of the negative trials were too small to rule out the
possibility of clinically meaningful treatment effects. This is
evident by the width of the 95% CI of the mean between-
group differences. For example, Wirz et al. [25] failed to rule
out the possibility of a 21/40 point increase on the SCIM
mobility sub-score (as indicated by the higher bound of the
95% CI; see Fig. 3). Secondly, the failure of one treatment
compared to another treatment to demonstrate a treatment
effect does not tell us anything about a treatment compared to
no treatment. The two treatments may be equally effective (or
ineffective). Thirdly, the results may reflect the difficulty of
trying to demonstrate a treatment effect from any one phy-
siotherapy intervention alone. It may be that many different
physiotherapy interventions need to be administered as part
of a package of treatments to change SCIM/FIM. It is also
likely that the effect of physiotherapy interventions on SCIM/
FIM is strongly influenced by many other factors including
time since injury, type of injury and treatment dosage. There
was considerable variability in all these factors across the
different studies (see Table 1). Lastly, two trials used a cross-
over design [9, 10], which may not have been appropriate
despite the authors’ claims that there was no evidence of a
carry-over effect.

Of course, this systematic review may not provide a full
picture of the available evidence. For example, the exclusion
of papers not published in English may have biased our
results. It is also possible that there are trials, which were
conducted but never published but these are more likely to be
negative trials than positive trials. Importantly, there are many
more measures of function than merely SCIM/FIM. So the
results of this systematic review only summarise the effect of
physiotherapy on SCIM/FIM, not on function per se (that was
not the purpose of this systematic review).

In all, this systematic review provides initial weak evi-
dence to suggest that robotic gait training and a few other
physiotherapy interventions increase SCIM/FIM scores. This
limited evidence is surprising because anecdotal evidence

SPRINGER NATURE

strongly suggests that many different types of physiotherapy
interventions increase SCIM/FIM. However, and importantly,
the lack of evidence should not be interpreted as evidence of
no effect. Until further studies are conducted it may be pru-
dent to control for the possible confounding effects of all
physiotherapy interventions in clinical trials and cohort stu-
dies. However, it should be clear that at this point in time this
is an assumption that is not based on high-quality evidence.
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