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Background. Previous studies have suggested that robot-assisted therapy (RT) is effective in treating impairment and that it may
also improve individuals’ participation. Objective. To investigate the effect of RT on the participation of individuals with limited
upper limb functioning (PROSPERO: CRD42019133880). Data Sources: PEDro, Embase, MEDLINE, CINAHL, Cochrane,
AMED, and Compendex. Inclusion Criteria. We selected randomized or quasirandomized controlled studies comparing the
effects of RT with minimal or other interventions on participation of individuals with limited upper limb functioning. Data
Extraction and Synthesis. Methodological quality of the included studies was assessed using the 0-10 PEDro scale, and effect
estimates were reported using standardized mean differences (SMDs) with 95% confidence intervals (Cls), and the certainty of
the current evidence was assessed using the GRADE. Results. Twelve randomized controlled studies involving 845 participants
were included. The estimates of medium effects between RT and minimal intervention (MI) at a short-term follow-up were
pooled, but there are no short-term effects between RT and OI. Standardized differences in means were as follows: 0.6 (95% CI
0.1 to 1.2) and 0.2 (95% CI -0.0 to 0.4). There were also no effects of additional RT in the short- or medium-term follow-up
periods. Standardized differences in means were as follows: -0.6 (95% CI -1.1 to -0.1) and 0.2 (95% CI -0.3 to 0.8). The
methodological quality of the included studies potentially compromised the effect estimates of RT. The existing evidence was
very low-quality with many confounding variables between studies. Conclusions. For patients with upper limb neurological
dysfunction, low-quality evidence supports RT over MI in terms of improving individual participation in the short term. The
existing low- to very low-quality evidence does not support RT over OI in either the short- or medium-term follow-up periods
with respect to community participation.
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1. Introduction

Robot-assisted therapy (RT) is an innovative approach to
rehabilitation that involves intensive, repetitive, interactive,
and individualized practice. RT includes a computerized con-
trol system and mechanical devices to promote motor learn-
ing and cortical reorganization required to enhance upper
limb function [1, 2]. RT devices are reliable to measure kine-
matic and dynamic parameters during movements of the
upper limb (e.g., movement quality, speed, time, direction,
strength, and range of motion), allowing people’s perfor-
mance to be evaluated [3, 4].

RT has investigated individuals’ poststroke (e.g., a com-
mon cause of movement disorders of the upper limbs) [5,
6], traumatic brain injury, spinal cord injury, and injuries
to motor neurons, as well as certain neurological diseases,
such as multiple sclerosis, cerebral palsy, Guillain-Barre syn-
drome, essential tremor, and Parkinson’s disease [6-8]. The
results from previous randomized controlled studies [7, 8]
indicate that RT improves motor control (e.g., muscle activa-
tion patterns and movement) in the short and long term. For
instance, in the short term, RT improved motor control by 3
points on a 0-36 Fugl-Meyer scale (shoulder-elbow subsec-
tion) compared with other interventions in patients with
hemiparesis caused by upper motor neuron lesions [8]. The
most recent systematic review with meta-analysis carried
out by Mehrholz et al. [9] concluded that, based on high-
quality evidence, robot-assisted arm training improved activ-
ities of daily living, arm function, and arm muscle strength.
Moreover, previous systematic reviews of RT and individ-
uals’ poststroke reported improvement in neurophysiological
aspects of the upper limb (mainly in the shoulder and elbow)
[5, 10-15].

Previous studies suggested that RT was effective in treat-
ing impairments [5, 7, 8, 15, 16] and might also improve par-
ticipation of the subjects [5]. Participation is a domain
defined by the International Classification of Functioning,
Disability and Health [17] that should be targeted during
rehabilitation programs. Individuals’ participation is defined
as a function of improved performance during daily tasks
and occupations. Some authors [17-19] advocated that RT
can improve participation and activities of daily living, allow-
ing individuals to perform training more independently.
However, the effectiveness of RT on the participation of indi-
viduals with limited upper limb functioning is still unclear [7,
20]. The literature in this area has not previously been sys-
tematically collated [21]. A recent review suggests that stud-
ies were needed to investigate the effects of robotic therapy
on participation [9]. Therefore, the aim of this review was
to investigate the effects of RT on the participation of individ-
uals with limited upper limb function. GRADE (Grading of
Recommendations Assessment, Development and Evalua-
tion) was used to summarize the strength of the existing evi-
dence of the studies included.

2. Materials and Methods

The protocol of this review was registered at PROSPERO
(CRD42019133880).
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2.1. Search Strategy, Inclusion Criteria, and Selection of
Studies. The search for relevant studies was conducted in
PEDro (Physiotherapy Evidence Database), Embase
(Excerpta Medica Database), MEDLINE (Medical Literature
Analysis and Retrieval System Online), CINAHL (Cumula-
tive Index to Nursing and Allied Health Literature),
Cochrane (Cochrane Collaboration), AMED (Allied and
Complementary Medicine Database), and Compendex
(Compendex Engineering Index) without language, age, or
date restrictions. In addition, the reference lists of previous
systematic reviews in this field were hand searched. Searches
were initiated on the 27" of February 2020, and descriptors
were related to “Robot-Assisted Therapy” (robotics, orthotic
devices, bionic device, exoskeleton, robotic aided therapy,
therapy computer-assisted, robot-assisted, robotics-assisted,
self-help devices, robotic device, dynamic orthotic device,
robot-mediated  therapy, robot-supported, computer-
assisted instruction, computer aided, computer-aided design,
computer assisted, artificial limb, rehabilitation robotics,
human-robot interaction, robot aided rehabilitation, robotic
rehabilitation, orthosis, taping, splinting, assistive technology
devices, and assistive device therapy); “upper limb” (upper
extremity, arm, arm injuries, hand, hand injuries, shoulder,
shoulder injuries, elbow, axilla elbow, forearm injuries, fore-
arm, finger, finger injuries, wrist injuries, and wrist); and
“Randomized controlled trials” (random allocation, double
blind method, single blind method, placebo, random,
controlled clinical trial, clinical trial, comparative study, eval-
uation study, follow-up study, prospective study, and cross-
over studies) (Appendix Supplementary 1).

After searches, duplicates were removed and relevant
titles and abstracts were screened. Then, two independent
reviewers (FMRMF and MEAC) assessed the potential full
texts for our eligibility criteria. A third reviewer (AMVNV)
resolved between-reviewer disagreements.

To be included, studies had to fulfil the following inclu-
sion criteria: (1) be a randomized or quasirandomized con-
trolled study; (2) investigate participants with limited upper
limb function caused by any health condition regardless of
age or gender who were inpatients or outpatients from any
clinical/hospital care settings including primary, secondary,
or tertiary services and community individuals; and (3)
investigate the effect of the intervention of interest, which
was RT when compared with minimal interventions (MIs)
or other interventions (OIs) on individuals’ participation.
RT was defined as the application of any electronic, comput-
erized control system connected to mechanical devices that
were designed to perform human functions. We considered
no interventions, sham, placebo, and waiting list as Mls.
We considered any other active interventions other than
RT, such as conventional therapy and physical therapy, as
OlIs. Studies investigating whether RT combined with OI
enhances effects compared to OI stand-alone were also
included. The outcome of interest in this review was individ-
uals’ participation, defined according to the International
Classification of Functioning, Disability and Health recom-
mendations [17]. We considered participation as the involve-
ment of an individual in real-life situation [18]. Quality of life
refers to individuals’ feedback about their health condition or
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its consequence [18]. Quality of life was also included and
pooled as part of participation to maintain consistency with
previous studies that considered quality of life to be within
the participation domain [22-24]. To assess the eligible out-
comes, the reviewers followed the protocols reported by
Sivan et al. [2].

2.2. Assessment of the Methodological Quality of the Included
Studies. Two independent reviewers (FMRMF and MEAC)
assessed the methodological quality of the included studies
using the 0-10 PEDro scale [25] (PEDro score > 6), with
higher scores indicating higher methodological quality. Dis-
agreements were resolved by consensus. When available, we
used the scores that were already on the PEDro database
(https://www.pedro.org.au/) [26].

2.3. Data Extraction. The data extracted by two independent
reviewers (FMRMF and MEAC) at baseline included the
number of participants, mean age, sex (percentages of males
and females), cause of the upper limb disorder and its dura-
tion, evaluated joints, type of RT, comparison groups, fre-
quency, and total duration of treatment. The outcome data
extracted included the sample size, mean, and standard devi-
ation (SD) for each variable for each group at the short-,
medium-, and long-term follow-ups, when available (Appen-
dix Supplementary 2). The short-term effects were consid-
ered time points up to 3 months after the baseline.
Measurements of the medium-term effects were considered
time points over 3 months, but less than 12 months after
the baseline. The long-term effects were considered time
points of at least 12 months after the baseline. When multiple
time points were available within the same follow-up period,
the time point that was closest to the end of the intervention
was considered [27].

If standard deviations (SDs) were not available in some
included studies, the SDs were imputed from the 95% con-
fidence interval (CI) [28, 29], standard error (SE) [28, 30,
31], and interquartile range [32, 33], and average values
from other included studies were estimated with similar
participants. In other included studies, data reported as the
median and interquartile range [32, 33] were converted into
the mean and standard deviation according to the method
used by Wan et al. [34]. When a given study investigated
two different RTs [31, 35] and OIs [36], we combined the
groups following the previous reviews in this field [12, 13].
In one study [26], the outcome data for the medium-term
effects were not available and were not included in the
quantitative analysis.

When the studies assessed individuals’ participation
using more than one outcome measure [30, 32, 35], we chose
the outcome measure that was most similar to those used in
the other included studies. When studies provided outcome
data in different domain scores of the SIS (Stroke Impact
Scale) or SF-36 (Short Form-36 Health Survey), we used
the data from the studies that were more consistent with
our outcome of interest (participation), SIS, participation
[37-40], mobility [31], and the physical health domain in
the SF-36 [32].

2.4. Data Analysis. The random effects model was used to
conduct meta-analysis for each specific health condition with
estimates reported using standardized mean difference
(SMD) with 95% confidence intervals (ClIs). Homogeneity
was assessed using the I? statistic [41]. A study was consid-
ered to have low heterogeneity if I* < 50% and moderate to
high heterogeneity if I* > 50% [40]. Individual studies were
also reported in forest plots when pooling was not possible.
To determine the clinical relevance of RT, the effect sizes
were assessed using Cohen’s d thresholds: 0.2, 0.5, and 0.8
for small, medium, and large effects, respectively [41]. A fun-
nel plot was used to investigate publication bias when at least
10 studies were pooled [27]. Meta-analyses were performed
using Comprehensive Meta-Analysis, version 3.3.070.

The GRADE approach was used to summarize the over-
all quality of the evidence for each outcome [42]. Initially,
the evidence was assumed to be high-quality, but the ratings
were downgraded by one point if one of the following pre-
specified criteria was met: (1) low methodological quality
(PEDroscore < 6), (2) inconsistency of estimates among
pooled studies (I> > 50%) [27] or when the assessment was
not possible (no pooling), (3) indirectness or poor descrip-
tion of the participants (over 50% of the studies did not
describe the inclusion criteria), and (4) imprecision (pooling
of <400 participants for each outcome) [27]. Two reviewers
(FMRMEF and MEAC) independently assessed the quality of
the evidence, and a third reviewer (VCO) resolved any
disagreements.

Subgroup qualitative analysis was conducted to investi-
gate the impact of methodological quality issues on the
pooled effects. Studies with PEDro scores of five or less out
of ten were excluded. Metaregression was not possible
because of the small number of included trials.

3. Results

After searches, titles and abstracts of 24,764 articles were
screened, 181 potential full texts were assessed, and 12 origi-
nal studies were included. Figure 1 presents the flow diagram.

3.1. Characteristics of the Included Studies. All included stud-
ies were randomized controlled trials published in English
between 2008 and 2019. The characteristics of the included
studies are presented in Table 1.

Twelve included studies enrolled 845 participants of both
genders. All studies reported neurological injury as the cause
of limited upper limb functioning. The main cause of the
neurological upper limb was stroke. Ten out of 12 studies
included participants in the chronic phase poststroke [29-
32, 35-38, 40], and one study [39] included participants in
acute postinjury. Only one study [33] included participants
with cerebral palsy. Six studies [28-31, 35, 36] compared
RT with OL Six studies [32, 33, 37-40] investigated the addi-
tional effect of RT with OI (the OI included physical ther-
apy). One study compared RT with OI and compared RT
with MI [28].

The duration of RT ranged from four [36] to 12 weeks
[28, 40]. The frequency of intervention varied from two
[33, 35] to five days [35] per week. The time spent per session
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trial; QRCT = quasirandomized controlled trial.

of intervention ranged from 30 minutes [32] to 90-105
minutes [36]. On average, RT sessions were conducted three
times per week over a total treatment duration of eight weeks.
Eight different robotic devices were used: REAplan [33, 39],
ARMin [29], UL-EXO7 [35], InMotion2 (commercial ver-
sion of MIT-MANUS) [28, 30, 31], MIT-MANUS [40], Hand
Mentor [37], Myomo e100 [38], Haptic Master [32], and Bi-
Manu-Track [36].

Across all the studies, three different outcome measures
were used to assess individuals’ participation. Ten of 12 stud-
ies (83.33%) used the Stroke Impact Scale (SIS) [28-31, 35-
40]. One study (8.33%) used Life Habits (Life H) [33], and
another study (8.33%) used the Short Form-36 Health Survey
(SF-36) [32]. All 12 included studies reported short-term
effects. Two studies [32, 39] reported medium-term effects.
No studies reported long-term effects.

3.2. Methodological Quality of Included Studies. The method-
ological quality of the included studies is presented in
Appendix Supplementary 3. Based on the PEDro scale (0-
10), the mean methodological quality score of the 12 studies
was 6.5. Randomization, group similarity at baseline, group
comparability, and reporting of precision/variability mea-

sures were presented in all included studies. The outcome
measures for at least 85% of the participants were obtained
in eight studies (66.66%). Intention-to-treat analysis, con-
cealed allocation, and assessor blinding criteria were met
in five (41.66%), six (50%), and eleven (91.66%) studies,
respectively. The methodological quality issues were mainly
related to participant and therapist blinding, and none of
the studies met this criterion. None of the studies were dou-
ble-blinded.

3.3. Effects of Robot-Assisted Therapy on Participation

3.3.1. Robot-Assisted Therapy versus Minimal Intervention.
The estimates from one study [28] provided very low-
quality evidence that RT has a medium effect on participa-
tion compared with MI (e.g., usual care, i.e., medical manage-
ment and clinic visits as needed) in the short term. The SMD
was 0.6 (95% CI 0.1 to 1.2, p=0.025) (Figure 2). The evi-
dence was downgraded from high quality to very low quality.

3.3.2. Robot-Assisted Therapy versus Other Interventions.
Pooled estimates from six studies showed low-quality
evidence that RT has no short-term effect on participation
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Study name Statistics

Lower
limit

Std diff

in means

Upper
limit Exp.

RT x MI°
Short term

Lo etal. (2010) 0.60 1.20 25

RTxOI *°

Short-term

Byl et al. (2013)

Conroy et al. (2011)
Klamroth-Marganska et al. (2014)
Lo et al. (2010)

Volpe et al. (2008)

Wu etal. (2012)

Pooled effect

0.50 10
-0.10
0.40
0.00
0.20
0.40
0.20

-0.60
-0.60
-0.00
-0.40
-0.70
-0.20
-0.00

1.60
0.50
0.90 38
0.50 47
1.10 1

110 14
0.40 158

° Individual study. Z= 2.20 (p = 0.025) -GRADE result: very low quality

Sample size

Con.

27

19
35
46

28
143

°° Heterogeneity: fixed effects model. I?= 0.00% . Z = 1.70 (p = 0.085)-GRADE result: low quality

Std diff in means and 95% CI

Relative

Total weight

52 100.00

-

15 4.56
17.75
24.96
32.59

7.31

12.83

73
93

42
301

-4.00 -2.00 0.00 2.00 4.00

Favours con. Favours exp.

F1GURE 2: Standardized mean difference (95% CI) comparing the effects of RT alone versus MI and RT alone versus OI in the short term on
the participation of individuals with limited upper limb functioning. RT = robot-assisted therapy; MI = minimal interventions; OI = other
interventions; favours exp. = experimental group; favours con. = control group.

compared with OI. The SMD was 0.2 (95% CI -0.0 to 0.4,
p=0.085) (Figure 2). The evidence was downgraded from
high quality to low quality.

3.3.3. Whether Robot-Assisted Therapy plus Other Intervention
Enhances Effects of Other Intervention Alone. Pooled estimates
from six studies provided low-quality evidence that addi-
tional RT has a medium negative short-term effect on partic-
ipation when compared with OIs alone. The SMD was -0.6
(95% CI -1.1 to -0.1, p=0.022) (Figure 3). The evidence
was downgraded from high to low quality.

Estimates from two studies [32, 39] provided low-quality
evidence that additional RT has no effects on participation
compared with OIs in the medium term. The SMD was 0.2
(95% CI -0.3 to 0.8, p = 0.405) (Figure 3). The evidence was
downgraded from high quality to low quality. In all studies,
the total therapy time in both groups was the same.

3.4. Subgroup Analyses. Removing poor-quality studies (<6
out of 10 on the PEDro scale) from subgroup analysis sug-
gested no impact on the reported estimates (Figure 4).

4. Discussion

RT has been frequently used to treat individuals with limited
upper limb functioning because it allows performance and
progress to be assessed with high reliability and accuracy
[11, 43]. However, previous studies have focused on effects
of RT on body structure and function [1, 2, 10, 15, 20] or
on activity performance [5, 44]. These previous studies [1,
2, 10, 15, 20] have suggested clinically important effects of
RT on structural and functional outcomes. This current
study is the first systematic review of randomized controlled
studies investigating the effects of RT on the participation of
individuals with limited upper limb function.

In the short term, for patients with upper limb impair-
ments, RT and additional RT did not improve participation

compared with other interventions (OI). In the medium
term, additional RT did not improve participation. In the
short term, RT did significantly improve participation, show-
ing medium clinical effect, compared to minimal interven-
tions (MI). Unfortunately, this finding was based on only
one study with a small sample.

The absence of short-term effects of RT as well as the
absence of short- and medium-term effects of additional RT
may be due to a few study variables. For example, different
types of therapy were performed when using the robots. In
some studies, repetitive task practice was included while
other studies included intensive intervention strategies. Still
others included conventional physical or occupational ther-
apy. This variability in the interventions may have affected
the results.

Another explanation for the absence of effects of RT
alone and additional RT may be that most studies included
patients with a chronic episode of the condition limiting
upper limb function (e.g., at least 6 months poststroke).
Research studies provide evidence that most spontaneous
periods of central neural recovery occur during the first 3-6
months postinjury (e.g., poststroke). Additional measurable
improvement in the chronic phase of recovery only occurs
with patient motivation and commitment as well as contin-
ued opportunities to participate in rehabilitation [45].

Another possible explanation for the lack of significant
differences in participation with RT alone or additional RT
may have been due to the complexity of the outcome
measures for participation. Participation is defined as an
individual’s involvement in a real-life situation [17]. It is a
multidimensional component influenced by the interaction
between the individual’s capacity, their compliance with task
practice, their self-motivation to practice comprehensive
daily activities [24], or their actual previous experiences in a
real context prior to the upper limb injury [18]. Further, in
this real context, environmental factors (physical, social,
and beliefs) may also influence the effects of RT [17].
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Study name Statistics
Std diff ~Lower  Upper

. . S Exp.

inmeans limit limit
RTadd x OI°
Short term®
Dehem et al. (2019) -0.00 -0.70 0.70 0.70 15
Gilliaux et al. (2015) -1.90 -3.10 -0.70 3.10 8
Kutner et al. (2010) -0.90 -1.90 0.10 1.90 10
Page et al. (2012) -1.00 -2.10 0.00 2.10 8
Rodgers et al. (2019) -0.10 -0.30 0.10 0.30 210
Timmermans et al. (2014) -0.60 -1.40 0.30 1.40 11
Pooled effect -0.60 -1.10 -0.10 1.10 262
Medium term®®
Dehem et al. (2019) 0.40 -0.30 1.20 15
Timmermans et al. (2014) 0.00 -0.80 0.80 11
Pooled effect 0.20 -0.30 0.80 26

Sample size

Occupational Therapy International

Std diff in means and 95% CI

Con.  Total Relfmve

weight

v 32 —‘— 18.75

s 16 —_— 11.28

’ 17 - 13.43

8 16 —.— 13.02

179 389 R 3 27.63

11 22 — 15.90
230 492 -

no» —— 55.32

" 2 44.68

24 50
-4.00 -2.00 0.00 2.00 4.00

Favours con. Favours exp.

° Heterogeneity: fixed effects model. 12 = 6.99%. Z =-2.30 (p = 0.022)-GRADE result: low quality
°° Heterogeneity: fixed effects model. I? = 0.00%. Z = 0.80(p = 0.405)-GRADE result: low qualit

FIGURE 3: Standardized mean difference (95% CI) comparing additional effects of RT versus OI in the short and medium term on the
participation of individuals with limited upper limb functioning. RT =robot-assisted therapy; OI=other interventions; favours exp.=

experimental group; favours con. = control group.

Study name Statistics Sample size Std diff in means and 95% CI
. L .

° RT x MI-Short term . Std diff 9W?r UP p.er Exp. Con. Total Rel'atlve

in means  limit limit weight
Lo et al. (2010) 060  0.10 120 25 27 52 |—.— 100.00
°° RT x OI-Short term
Conroy et al. (2011) -0.10 -0.60 0.50 38 19 57 18.60
Klamroth-Marganska et al. (2014) 0.40 -0.00 0.90 38 35 73 26.16
Lo et al. (2010) 0.00 -0.40 0.50 47 46 93 34.14
Volpe et al. (2008) 0.20 -0.70 1.10 11 10 21 - 7.66
Wu et al. (2012) 0.40 -0.20 1.10 14 28 42 —+—a— 13.44
Pooled effect 020  0.00 040 148 138 286 kK>
« RTaddxOI-Short term
Dehem et al. (2019) ~0.00 -0.70 0.70 15 17 32
Gilliaux et al. (2015) -1.90 -3.10 -0.70 8 8 16 —_—— 25.53
Rodgers et al. (2019) -0.10 -0.30 0.10 210 179 389 15.48
Timmermans et al. (2014) -0.60 -1.40 0.30 11 11 22 37.26
Pooled effect -0.50 -1.10 -0.10 244 215 459 21.72
+ RTaddxOI Medium term
Dehem et al. (2019) 040  -0.30 1.20 15 13 28 55.32
Timmermans et al. (2014) 0.00 -0.80 0.80 11 11 22 44.68
Pooled effect 020 -0.30 0.80 26 24 50

-4.00 -2.00 0.00 2.00 4.00

° Individual study. Z = 2.20 (p = 0.025)

°° Heterogeneity: fixed effects model. I2 = 0.00% . Z = 1.60 (p = 0.155)

+ Heterogeneity: random effects model. I2 = 33.78% . Z = -1.50 (p = 0.130)
«x Heterogeneity: fixed effects model. I2 = 0.00% . Z = 0.80 (p = 0.405)

Favours con. Favours exp.

FIGURE 4: Subgroup analysis investigating the impact of methodological quality on estimated effects of RT at short- and medium-term follow-

up. Favours exp. = experimental group; favours con. = control group.

Another limiting factor may have been that RT was per-
formed in a laboratory environment. Laboratory practice
may not sufficiently mimic an individual’s real environment.
Training in the laboratory environment may not allow gener-
alization or learning transfer to other real-life environments.
Kehayia et al. [46] suggested that interventions, even in the
laboratory, must involve different contexts. These investiga-
tors [46] proposed that rehabilitation should take place in
enabling physical and social environments in order to opti-

mize social inclusion and the participation of individuals
with physical disabilities.

Functional capacity, personal factors, family support,
and physical or social environments can all play an impor-
tant role in the participation of individuals with physical
limitations [47]. Health care providers are reconsidering
their approaches to rehabilitation to better meet patients’
needs. Therapies involving new methods of addressing
patients’ functional skills in natural environments are being
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developed. Desjardins et al. [48] identified potential environ-
mental factors (physical and social) that limit individuals’ par-
ticipation in real contexts (e.g., shopping centers, convenience
stores, grocery stores, supermarkets, and shopping malls).
Regardless of the rehabilitation strategy of interest, identifying
environmental factors may help researchers develop technol-
ogies that overcome these limitations in real contexts and
consequently improve individuals’ participation.

Some clinicians may argue that RT is not appropriate
because there are cheaper rehabilitative interventions. While
RT may be expensive, it is too early to exclude this interven-
tion from rehabilitation programs targeting participation
outcomes. Previously, high-quality studies have shown clini-
cally important effects of RT on body structure and function
[15, 28-30, 32, 35, 36]. High-quality randomized controlled
studies with large sample sizes are needed to determine more
accurate estimates of the effects of RT on participation. The
study populations need to be diverse, with statistical controls
for population diversity and environmental factors. The
studies also need to address how to make laboratory inter-
ventions better simulate translation into the community
and society [21]. In addition, the effects of different RT
devices need to be studied.

This review has some strength that it supports as recom-
mendations. The evaluation of the methodological quality of
the included studies was performed using the Physiotherapy
Evidence Database (PEDro). The PEDro scale is widely used
in systematic reviews in the rehabilitation area. In addition,
two reviewers assessed study risk of bias independently.
The statistical methods used in the data analysis were
described in detail. For each result, the 95% confidence
intervals and the p value for the magnitude of the effect were
calculated. Because of the amounts of data available, hetero-
geneity was also assessed for each result. The potential limi-
tations of this study include the inconsistency in the RT
devices used across the included studies. The impact of the
dose and duration of RT administered to the experimental
and control groups was not controlled in this review. Due
to small numbers of studies and small sample size, it was
not possible to investigate the impact of the different robotic
devices on participation. Another limitation was that the
studies used different guidelines to interpret the SIS scores.

5. Conclusions

For individuals with chronic, limited upper limb function, in
the short term, this systematic review provides low-quality
evidence that RT improves individuals’ participation more
than minimal interventions (MI). This review provides no
evidence that RT improves participation compared to other
interventions (Ols) in either the short or medium term.
The findings from this systematic review cannot be general-
ized to participants with acute upper limb neurological
impairments.

Data Availability

The data analysed during this systematic review are included
in supplementary material files.
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