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ABSTRACT

Purpose: To identify, and classify, according to International Classification of Functioning, Disability and
Health (ICF), clinically applicable outcome measures that have been used to evaluate lower limb orthotic
management post-stroke and to investigate which outcome measures recorded the largest effect sizes.
Materials and methods: Electronic searches were performed in Pubmed, Cochrane, Web of Science,
Cinahl, Scopus and Embase databases from inception to May 2020. Articles were included if they investi-
gated clinical outcomes in people post-stroke who had received a lower-limb orthotic intervention.
Results: 88 articles underwent full-text review and 54 were included in the review, which was performed
in accordance with the Preferred Reporting Items for Systematic Review (PRISMA) principles. 48 different
outcome measures were identified; effect sizes were able to be calculated from 39 studies. The most fre-
quently applied outcome measures were the 10-metre Walk Test and the timed-up-and-go test. Outcome
measures that recorded large effect sizes in two or more studies were the 10-metre Walk Test, Functional
Reach Test, and Physiological Cost Index. When coded according to the ICF, the most frequently repre-
sented codes were d450 (Walking) and d455 (moving around).

Conclusions: Results suggest that outcome measures related to mobility (ICF chapter d4) are most often
applied to evaluate orthotic management post-stroke. Effect sizes appear to be greatest in outcome
measures related to velocity, balance, and energy expenditure.

KEYWORDS

Orthotic device; AFO;
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» IMPLICATIONS FOR REHABILITATION

e The 10-meter Walk Test appears to have the greatest effect size when evaluating orthotic manage-
ment post-stroke.

e While outcome measures related to mobility are commonly applied when evaluating orthotic man-
agement post-stroke, rehabilitation professionals should consider complementing these with meas-
ures representing the participation domain of the ICF.

Globally, stroke is the second major cause of death and disability,
with an incidence of 203 per 100 000 people [1] and a worldwide
average of 13 million new cases yearly [2]. Loss or difficulty with
ambulation has been described as one of the most devastating
results of a stroke and, gait restoration is often a primary goal of
rehabilitation [3]. Clinical practice guidelines from a number of
organisations from around the world recommend the use of an
orthosis as an effective method of compensating for impaired
functional performance following a stroke [4-7].

Within the orthotics field, recovery assessment following a
stroke often focuses on measurements of functional status, with
an emphasis on gait, transfers, and balance. The choice of appro-
priate outcome measures is essential for good practice and a
reflection of how the clinician has operationalised “success” [8].
With increasing promotion of the biopsychosocial model of

health, it has been suggested that the assessment of stroke recov-
ery in the rehabilitation setting is often too narrow and should be
broadened to include a more comprehensive assessment [9].

The International Classification of Functioning, Disability and
Health (ICF) provides a useful framework for monitoring and
describing health outcomes and changes in health status from a
broad biopsychosocial perspective. Within the ICF, human func-
tioning is classified on three levels; the level of the body, the
whole person, and the whole person in a social context [10]. As
such, components of health and outcome measures addressing
health sttus can be classified under three domains; body structure
and function, activities, and participation.

Several systematic reviews have been conducted to identify
outcome measures that have been used in various aspects of
stroke rehabilitation. Ashford et al. [11] focused specifically on
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outcome measures that assess day to day performance. Eight spe-
cific measures were identified, all of which the authors classified
as being within the activity domain of the ICF. Galeoto et al. [12]
reviewed studies that used outcome measures to assess the loss
of functionality as a result of a stroke. They identified 41 measures
of which 6 were validated in multiple studies. While these authors
did not attempt to classify outcome measures within the ICF, they
reported that the most used outcome measures were the
Frenchay Activities Index and the Activity Card sort. A similar
study, focusing on paediatric stroke, identified 38 unique outcome
measures, with the most frequently applied being the Wechsler
Intelligence scales, paediatric stroke outcome, and Bayley scales
of infant development [13]. Interestingly, this review reported that
the same outcome measure was not used in more than 2 studies,
reflecting the general lack of consensus in which outcome meas-
ures are relevant to apply.

In the only review with a specific focus on lower-limb orthotic
management of stroke, Figueiredo et al. [14] reviewed outcome
measures and motion capture systems which had been used in
randomised trials evaluating orthotic interventions for gait
rehabilitation. 39 outcome measures were identified with gait
speed, step length, cadence, and stride duration being the most
frequently reported measures. Most outcome measures identified
in this study were recorded using laboratory-based motion cap-
ture systems that are not routinely accessible in the clinical set-
ting. The authors classified most measures under the activity
domain of the ICF.

The aim of this systematic review was to identify and classify
according to ICF, clinical outcome measures that have been used
to evaluate results of lower limb orthotic management post-stroke
and to investigate which outcome measures recorded the largest
effect sizes. Specifically, we aimed to identify which outcome
measures have been used most often and which are typically
used in combination with each other. We were also interested in
determining which outcome measures recorded the largest effect
sizes when they were used to evaluate orthotic interventions.
Finally, we aimed to identify which domains, chapters, and codes
of the ICF are most commonly addressed in outcome measures
used to evaluate orthotic interventions.

For this study, a clinical outcome measure was defined as a
functional performance measure, patient-reported outcome meas-
ure, or proxy measure, suitable for routine application in a clinical
setting. Notably, measures more germane to controlled laboratory
environments, such as observations based on three-dimensional

Table 1. Eligibility criteria for included studies.

gait analysis and related measures of kinetics and kinematics
were intentionally excluded from consideration.

Methods

A systematic review of the current literature was performed to
identify clinical outcome measures used to evaluate orthotic man-
agement in individuals who have had a stroke. Outcome meas-
ures identified in the review were then coded according to the
ICF. The review was performed in accordance with Preferred
Reporting Items for Systematic Review (PRISMA) principles [15]
and an a priori registration of the protocol was completed in the
PROSPERO register (CRD42018091172).

Search strategy

With support from an academic librarian (information specialist), a
search for relevant literature was conducted by NR and PS in May
2018, with no limits on the year of publication. An additional
search using the same search strings was conducted by NR for
the period of May 2018 until May 2020. Searches were conducted
in Pubmed, Cochrane, Web of Science, Cinahl, Scopus, and
Embase databases. The search string was developed in accord-
ance with the recommendations of Bramer et al. [16]. To develop
the search string, we first identified index terms (e.g., Medical
Subject Headings - MeSH terms) representing (1) stroke, (2) orth-
otic devices, and (3) the lower extremities. We then identified the
entry terms (synonyms) that were listed under each index term
and included these as free text search terms within the title and
abstract fields. An example of the search string used in the
Pubmed database is included as Supplementary Table .

Eligibility criteria

Eligibility criteria for studies included in this review are presented
in Table 1. Only English language, peer-reviewed articles were
included. Types of studies eligible for inclusion were randomised
controlled trials, case-control studies, cohort studies, case series
studies, and qualitative studies. The population of interest was
adults who had experienced a stroke. If studies also investigated
individuals with other conditions, they were only included if the
group with stroke was reported independently of the other
groups. Articles were only included if they investigated lower-limb
orthotic devices as an intervention. Studies comparing orthotic

Study characteristic Inclusion

Exclusion

Population
who have had a stroke

Intervention

o Studies including adults aged 18 years or older

o Studies including other pathological groups in
which results for participants who have had a
stroke cannot be identified

Control intervention
Outcomes

Publication language
Study design

Publication type

e Lower limb orthotic devices including foot
orthoses, ankle foot orthoses, knee orthoses,
knee-ankle-foot orthoses or functional electrical
stimulation (FES)

e No orthotic device

o Another design of orthotic device

o Clinical outcome measures

e English

e Randomised controlled trials

e Cohort studies

o Case series

e Case-control

e Qualitative studies

e Any publication reporting primary data

o Studies describing development of new orthotic
designs

e Studies in which orthoses were only used during
therapy sessions

o Studies investigating robotic assisted gait training

e Outcome measures that are not readily available
in the clinical setting

o All other languages

e Case reports

e Publications not reporting primary data, or only
available as abstracts
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devices to no device were included as well as studies comparing
different device designs. Types of orthotic devices were limited to
the lower extremities and could include foot orthoses, ankle-foot
orthoses (AFOs), knee orthoses, knee-ankle-foot orthoses (KAFOs),
or functional electrical stimulation (FES) with surface stimulation.
Articles were excluded if they were editorials, commentaries, dis-
sertations, single case studies or reviews, or if they only used
laboratory-based outcome measures that were considered by the
authors as not being readily available for use in the clinical set-
ting. This included two- and three-dimensional motion analysis
and force plate data.

Study selection and data extraction

After removing duplicates, all studies identified from the database
search were imported into the web application Rayyan QCRI [17]
and the two authors performed independent reviews of titles and
abstracts, indicating whether each abstract should be included or
excluded. Their response and comments were recorded in Rayyan
but not visible to the other author. When this review was com-
plete the results of both authors were compared and articles in
which the authors disagreed were discussed in relation to the
inclusion/exclusion criteria until consensus was reached. Both
authors then reviewed the full text of the remaining articles and
those that did not meet the inclusion criteria were removed.
Once again disagreements were discussed until a consensus was
reached. If consensus was not reached at any stage a third
reviewer would have been consulted.

Data extracted from the remaining articles included citation
(author/year), study design, sample characteristics (age, time post-
stroke, sample size, drop-outs), description of the orthotic inter-
vention, accommodation time, testing procedures, clinical out-
come measures used, and results of the study. One author initially
extracted all the data and the second author confirmed the accur-
acy of the retrieved information.

Assessment of methodological quality

The studies remaining in the review were assessed for methodo-
logical quality by both authors using the relevant standardised
critical appraisal tool from the Joanna Briggs Institute [18].
Specific questions can be seen in Supplementary Tables Il and lIl.
Questions that were deemed irrelevant for the subject area were
removed from the critical appraisal tools. Given that orthotic inter-
ventions were an integral part of this systematic review, an add-
itional question was added to all appraisal tools to assess
whether there was an adequate description of the orthotic inter-
ventions provided. Criteria for describing the orthosis was based
upon those proposed by Lintanf et al. [19] and required the iden-
tification of the manufacturer and model of FES systems and at
least 3 of the following criteria relative to AFOs: (1) custom versus
off-the-shelf fabrication, (2) material, (3) ankle angle, or (4) joint
restrictions. When conducting the appraisal, a score was allocated
to each question for each article (“+” = low risk of bias, “—" =
high risk of bias, and “?” = unclear risk of bias). Case series stud-
ies were only included if 5 or more questions were scored as hav-
ing a low risk of bias while RCTs were included if 7 or more
questions were scored as having a low risk of bias. Any disagree-
ment between reviewers was resolved through discussion.
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Calculation of effect size

When possible, data available from the selected studies were
used to calculate Cohen’s d which provides an indication of the
effect of orthotic interventions on specific outcomes. Effect sizes
were calculated using the Psychometrica effect size calculators
and formulas described by Lenhard and Lenhard [20]. When the
standard deviations (sd) data that is required for calculating effect
sizes were not reported, but data related to standard error (SE)
was available, standard deviations were calculated using the for-
mula SD = SEn. Effect sizes were interpreted as follows; d <0.2 =
trivial; d>0.2=small; s>0.5=moderate; d>0.8=Ilarge and
d> 1.3 =very large [21].

Analysis and coding of outcome measures

Outcome measures identified in the review were coded according
to the ICF by first identifying the appropriate domain and chapter
and then the appropriate category within each chapter [22].
Within the activity and participation domain, chapters d1-d4 were
considered to represent the activity domain, defined as actions
and tasks executed by the individual, while chapters d5-d9 repre-
sented participation, defined as involvement in a life situation
[23]. Specific items that were related to personal factors were
listed separately as these are not currently classified within
the ICF.

Some outcome measures include multiple items representing
different codes within the ICF. For example, the Functional
Independence Measure (FIM) includes one item related to eating
which is represented in the ICF under the Activities and
Participation (Self-Care, code d550) and also includes an item
related to bladder control which is classified under body func-
tions, (functions of the digestive, metabolic and endocrine sys-
tems, b610). To ensure accurate coding of outcome measures, the
individual components of each measure were carefully consid-
ered, and when appropriate, outcome measures were assigned
multiple codes.

To explore the frequency of use of outcome measures, as well
as how common they were used in combination, a network ana-
lysis was performed. This analysis included only outcome meas-
ures that were identified in two or more studies. Nodes in the
network were created to represent the number of studies that
included each specific outcome measure, with the size of the
node reflecting the number of times each specific outcome meas-
ure was represented. Links between the nodes were used to indi-
cate when two or more outcome measures were applied in the
same study. The thickness of the link between nodes was used to
represent the number of studies in which outcomes measures
appeared together in the same study.

Results

Figure 1 presents a PRISMA diagram depicting the flow of infor-
mation through different phases of the review. The initial data-
base search identified 1950 articles. After the removal of
duplicates, the titles and abstracts of 1066 articles were screened
independently by both authors. Agreement to include or exclude
articles based on title and abstract was 94%. The remaining
articles were discussed between the two authors until an agree-
ment was reached. 88 articles were included for full-text review. A
further 25 articles were removed after full-text review. Reasons for
excluding articles included inappropriate outcome measures, a
sample with a mix of pathological conditions in which the data


https://doi.org/10.1080/09638288.2020.1859630

3022 N. RAMSTRAND AND P. M. STEVENS

Records identified through
database searching
(n=1950)

Additional records identified
through other sources
(n=0)

(n =1066)

Records after duplicates removed

\ 4

(n = 1066)

Records screened

Records excluded
(n=978)

h 4

v

(n=288)

Full-text articles assessed
for eligibility

Full-text articles excluded.
Did not meet inclusion
criteria (n = 25).

A 4

y

Poor methodological
quality (n=9)

(n=54)

Studies included in review

Figure 1. PRISMA diagram depicting the flow of information through different phases of the review.

for subjects who had a stroke could not be separated, and studies
that did not focus on outcomes related to orthotic use.

Risk of bias

Nine articles did not meet the criteria for inclusion on the basis of
methodological quality and were subsequently removed.
Methodological quality for the remaining articles is presented in
Supplementary Tables Il and lll. The most poorly addressed cate-
gories were “adequate description of the orthotic intervention
(case series studies)” and “blinding outcomes assessors to the
treatment (RCTs).”

A number of studies did not report accommodation times with
the orthosis or the accommodation time was unclear. However,
given that there is currently no consensus regarding appropriate
accommodation times we did not include this as a point of con-
sideration when assessing methodological quality.

Article summary

The final selection of 54 articles in the review included 39 case-
series studies and 15 randomised controlled trials. Table 2 sum-
marises the general characteristics of the studies. The sample size
ranged from 3 to 495 with a mean of 47.6 (SD = 87.8). The mean
age of participants represented in the studies was 57.7 years (SD
= 9.6; the range of means reported in studies = 42.5-71). Studies
included both male and female participants with the average
number of males being 49.5 and females 26.4. One study did not
report the sex of participants [24]. Post-stroke duration ranged
from 0.3-1043 months (mean = 52.6; SD = 143.1).

The studies can be divided into those comparing outcomes
related to (1) the use of an orthotic device versus no device (30

studies) (2) evaluating the effects of a device over time (21 stud-
ies), (3) comparing two different devices within-subjects (9 stud-
ies) or between groups (12 studies), and (4) comparison of early
versus delayed orthotic provision (1 study). A number of studies
included two or three of these aims.

Outcome measures and effect size

48 different clinical outcome measures were identified in the
articles included in the review. For a detailed description of each
outcome measure and how to apply them, we recommend the
Physiopedia web site [25] and the Shirly Ryan Ability Lab
Rehabilitation Measures Database [26]. Results of the network
analysis, performed to explore the relationship between specific
outcome measures, are presented as Figure 2. The 10-meter Walk
Test (10OMWT) (used in 25 studies) the Timed Up and Go Test
(TUG) (used in 19 studies) and the 6-meter Walk Test (6MWT)
(used in13 studies) were applied most often while the 10MWT
and the TUG were the two most frequently paired out-
come measures.

The vast majority of studies investigated ankle-foot orthoses
(AFOs) of varying designs (36 studies) or Functional Electrical
Stimulation (FES)(8 studies). Eight studies compared an AFO to
FES, one study investigated the effects of knee orthosis provision
[27] and three studies included evaluations of knee-ankle-foot-
orthoses (KAFOs) [28-30]. Table 3 summarises outcome measures,
indicates which measures detected a statistically significant differ-
ence between independent variables, and presents the effect size
of intervention outcomes that were calculated from data pre-
sented in the study. Detailed results of all studies, including effect
sizes, are presented in Supplementary Table IV.
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Table 2. Continued.

3028 N.

Age
(mean

Post

Total
participants

Test conditions/Intervention

Testing
occasions (T)

onset
(months)

Male/

= condition
G

Repeated measures

C1/no AFO

C

Clinical outcome measures

FAC

median)

female

(drop outs)

Aim
Evaluate the impact of a hinged AFO on temporospatial

group

Reference

83 T1/1month

49.9

16/9

25 (0)

Tyson et al. [81]

RAMSTRAND AND P. M. STEVENS

5m walk velocity
Paper walkway

gait variables and functional mobility in individuals

with post-stroke hemiplegia

C2/AFO (custom polypropylene, hinged,

- stride length
- step length

dorsiflexion stop)

self-reported opinion

10MWT

52.8 T1/baseline (AFO)

21/5

26 (2)

Evaluate the transition from an AFO to FES on gait

Repeated measures

van Swigchem

Self-reported satisfaction

Activity monitor

T2/2 weeks (AFO and FEs)
T3/8 weeks (AFO and FES)

speed, measured activity level and satisfaction
among individuals with post-stroke hemiplegia

clear)

C1/AFO (polypropylene, design not
C2/FES (NESS L300,

et al. [82]

T1/single testing occation BBS

Group

1-101

61.1
group

23/19

42 (0)

Evaluate the impact of AFOs on static and dynamic

Repeated measures

C1/no AFO

Wang et al. [83]

10MWT

(accomodation period
with AFO not clear)

balance as well as gait speed and cadence in

individuals with both sub-acute and chrnoic post-

stroke hemiplegia
Evaluate the impact of an AFO on balance confidence in

C2/AFO (design not clear)

2-1043

T1/AFO or no AFO ABC

144

55

7/8

15

C1/no AFO

Zissimopoulos

(accomodation period
with AFO not clear)
T2/Condition not tested

individuals with post-stroke hemiplegia who were

legacy AFO users

C2/AFO (non-rigid)

et al. [84]

atT1

ABC: Activities-Specific Balance confidence Scale; BBS: Berg Balance Scale; CMSAM: Chedoke-McMaster Stroke Assessment Measure; EFAP: Emory Functional ambulation profile; FAC: Functional ambulation categories;

FES: Functional Electrical Stimulation; FIM: Functional Independence Measure; mEFAP: Modified Emory Functional ambulation profile; PCl: Physiological cost index; PIADS: Psychosocial Impact of Assistive Devices Scale;

ROM: range of motion; SAS: Scandinavian stroke scale; SIAS: Stroke Impairment Assessment Set; SIS: Stroke Impact Scale; SAEs: serious adverse events; STREAM: Stroke rehabilitation Assessment of movement test;

TUDS: Timed up and down stairs; TUG: Timed Up and Go; QUEST: Quebec user evaluation of satisfaction with assistive technology; 6MWT: 6-minute walk test; 10MWT: 10-meter walk test

Effect sizes were able to be calculated for 39 studies. Effect
sizes were generally trivial (d<0.2) or small (d=0.2-0.49) for
most outcome measures. Outcome measures in which two or
more studies recorded large (d=0.8-1.29) or very large (d > 1.3)
effect sizes were the T0MWT, functional reach test, physiological
cost index (PCl) and the Functional Independence Measure (FIM).
When comparing an orthosis condition to a no orthosis condition,
6 studies reported large or very large effects on at least one out-
come measure. 10 studies reported large or very large effect sizes
when investigating the effects of orthoses over time, 2 studies
reported large or very large effect sizes when comparing two dif-
ferent orthoses within-subjects, and 3 when comparing two differ-
ent orthoses between subjects. Only one study investigated the
effects of early versus delayed orthotic provision [31] and data
was not available to calculate effect sizes for this study.

Table 4 presents all outcome measures coded in accordance
with the ICF. The vast majority of outcome measures included
items/components representing the activity domain and specific-
ally chapter d4, which is related to mobility. 26 outcome meas-
ures included items coded under d450 (walking), 16 outcome
measures were coded under d455 (moving around) and 12 coded
as d410 (changing basic body position). ICF chapters related to
body functions generally addressed muscle tone (b735=5 out-
come measures) or exercise tolerance (b455 4 outcome measures).
Few outcome measures addressed issues related to participation
(chapters d5-d9) but of these, most were coded under self-care
(d5). Only 1 to 2 outcome measures were coded under domestic
life (d6), interpersonal interactions and relations (d7), major life
areas (d8), and community, social and civic life (d9).

Discussion

Appropriate use of outcome measures in stroke rehabilitation is
central to good clinical practice. The use of standardized outcome
measures is recognized as a means of monitoring patient status,
assessing the effectiveness of an intervention, and contributing to
the quality of care provided to patients [32]. With so many out-
come measures available, it can be difficult to determine the
most appropriate measure to apply in the clinical setting. This
paper provides clinicians with an overview of outcome measures
that have been used in original research studies and summarises
effect sizes to provide an indication of the meaningfulness of
results related to each measure. We have also categorised all out-
come measures according to the ICF to provide clinicians with a
clearer indication of the health-related concepts contained within
each instrument.

In examining the aggregated data, the preponderance of out-
come measures identified in this review was related to measuring
aspects of mobility, coded within the activity domain of the ICF.
This finding is consistent with previous reviews related to out-
come measures in stroke rehabilitation, which have also identified
measures within the activity domain as being most prevalent
[11,33]. Previous studies, however, only classified measures in rela-
tion to major ICF categories and did not consider second-level
classifications which provide considerably more detail.

A large number of outcome measures within the activity
domain is not a surprising result given the expectation that the
use of a lower-limb orthosis will compensate for impaired gait
performance following a stroke [4]. It should be noted however
that the limited number of studies using outcome measures rep-
resenting other ICF domains, and in particular the participation
domain, may reflect a rather narrow perspective of the effects
that orthoses may have on health and functioning. It may also
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strokespecific
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sell-raported
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Figure 2. Network analysis. Circles (nodes) represent each outcome measure, the larger the circle the more publications that used this specific measure. Lines repre-
sent outcomes measures which appear together in the same article, the thicker the line the more times the measures are used together. The more central the nodes
are placed, the more coupling they have with other nodes. fim: Functional Independence Measure; rom: range of motion; mefap: Modified Emory Functional
Ambulation Profile; stroke specific: stroke specific quality of life; sis: Stroke Impact Scale; saes: serious adverse events; 6mwt: 6-minute Walk Test; 10mwt: 10-minute
Walk Test; bbs: Berg Balance Scale; tug: timed up and go; pci: Physiological Cost Index; Tuds: timed up and down stairs; self-reported: self-report satisfaction; fac: func-

tional ambulation categories).

reflect difficulties in attributing participation-related outcomes
specifically to an orthotic device given that many variables other
than the orthosis itself may influence results [32].

In the only other review of outcome measures assessing lower-
limb orthotic management of stroke Figueiredo et al. [33]
reported the most commonly used outcome measures as being;
temporospatial measures (e.g., gait speed, step length, and
cadence), kinematics (e.g., range of motion) and functional meas-
ures (e.g., TUG, BBS, and 10MWT). Given that the present study
excluded laboratory-based measures that were not considered to
be readily accessible in the clinical environment, results were
slightly different to those of Figueiredo et al. however, similarities
were observed in relation to functional measures with the most
frequently used measures being the T0OMWT, TUG, and 6MWT. All
three of these outcome measures investigate walking in a con-
trolled environment, defined in the ICF as moving along a surface
on foot for short or long distances and including walking on dif-
ferent surfaces and around obstacles (d450) [23]. The outcome
measures coded under d450 can be contrasted to mobility meas-
ures, coded in the ICF as d455 (moving around), and addressing
walking and moving around in various places and situations.
While measures related to moving around were certainly repre-
sented in studies included in this review, their frequency of use
was much lower, suggesting that results of orthotic management
are most often evaluated in controlled environments rather than
naturalistic settings. Additional outcome measures coded under
mobility addressed the ability to change and maintain body

position (d410-d429). This included sitting to stand maneuvers as
well as reaching tasks.

The outcome measure with the most promising results in
terms of effect size was the TOMWT with 6 of 18 studies in which
effect size data was available recording large or very large effects.
None of the 7 studies with available effect size data using the
6MWT achieved results that were classified as large or very large,
while only one of the 16 studies with effect size data using the
TUG test recorded a large or very large effect size. Based upon
this result, and recognizing the limited data available, we would
recommend the use of the TOMWT to evaluate the relative effects
of orthotic management on outcomes related to walking. An add-
itional measure of mobility that warrants further investigation in
future studies is the functional reach test. Two of three studies
with effect size data recorded large or very large effect sizes asso-
ciated with this measure.

While outcome measures within the activity domain are well
represented in this review, we recommend that future research
should evaluate outcome measures related to self-care and other
aspects of participation that may be affected by the use of an
AFO. In this study, the patient-reported Stroke Impact Scale (SIS)
was the most commonly applied outcome measure classified
within the participation domain of the ICF. Unfortunately, effect
size could only be calculated for two of five studies utilizing the
SIS. One of these recorded a very large effect size.

In addition to prioritizing factors related to activity and partici-
pation, the ICF core sets for stroke indicate that environmental
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Table 3. Summary of statistical analysis and effect size for each outcome measure.

Outcome measure

Reference

Orthosis v/s no
(within groups)

Orthosis design 1 vs
Orthosis design 2
(within subjects)

Orthoses over time
(within groups)

Orthosis design 1 vs
Orthosis design 2
(between groups)

Early provision versus

delayed provision
(between groups)

6-minute-walk test

10-meter walk test

25ft walk

Figure 8 walking test
Walking velocity
Walking velocity (5

or 5.5m)

Walking velocity(100m)

TUG

Bethoux et al., 2014 [42]
Bethoux et al., 2015 [43]
Embrey et al., 2010 [53]
Hale et al., 2013 [59]
Hung et al., 2010 [60]
Hyun et al., 2015 [61]
Kluding et al., 2013 [64]
Maeda et al., 2009 [66]
McCain et al., 2012 [67]
Nikamp et al., 2017 [31]
Nolan et al., 2009 [68]
Portnoy et al., 2015 [27]

Barrett and Tayler, 2010 [39]

Bethoux et al., 2014 [42]
Bethoux et al., 2015 [43]
de Seze et al., 2011 [47]
de Wit et al., 2004 [48]

Everaert et al.,, 2013 [54]
Farmani et al., 2015 [55]

Farmani et al., 2016 [56]
Hale et al., 2013 [59]
Iwata et al., 2003 [62]
Kazutoshi et al., 2017 [63]
Kluding et al., 2013 [64]
Laufer et al., 2009 [65]
Nikamp et al., 2017 [31]
O'Dell et al.,, 2014 [69]
Pavlik, 2008 [72]

Portnoy et al., 2015 [27]
Salisbury et al., 2013 [75]
Shin et al., 2017 [78]

Simons et al., 2009 [79]
Street et al.,, 2017 [80]
Taylor et al., 1999 [24]

Van Swigchem et al., 2010 [82]

Wang et al., 2005 [83]
Nolan et al., 2009 [68]

Everaert et al., 2013 [54]
Granat et al.,, 1996 [57]
Beckerman et al., 1996 [40]
Tyson et al., 2001 [81]

Erel et al., 2011 [35]

Suat et al., 2011 [36]
Bethoux et al., 2014 [42]
Bouchalova et al., 2016 [44]
Chen et al., 2014 [46]

de Wit et al.,, 2004 [48]
Doggan et al.,, 2011 [52]
Erel et al., 2011 [35]
Farmani et al., 2015 [55]

Farmani et al., 2016 [56]
Hale et al., 2013 [59]
Kazutoshi et al., 2017 [63]
Kluding et al., 2013 [64]
Nikamp et al., 2017 [31]
Pardo et al.,, 2015 [70]
Pavlik, 2008 [72]

Portnoy et al., 2015 [27]
Sheffler et al., 2013 [77]

Shin et al., 2017 [78]
Simons et al., 2009 [79]
Suat et al,, 2011 [36]
Doggan et al., 2011 [52]

*
*
*

G1* G2 ** @3 **
*

C1 vs C2 ***
C1 vs €3 *FHkx

sk

ok

ClvsC2# C1vsC3*
*

*

*

C1 vs C2%*
C1 vs €3 *Hkx

ok

G1 * G2 #
G1* G2 #

GI*¥*  G2HF**
GI¥F  G2FF*

C2 vs C3*
Gl # G2 *
Gl # G2 *
%
kK
T1 to T4**; T1 to T6 ***
C1 vs 2%
C1 vs C3%*
a Q
a* T2 C1 vs C2*
Q*
T2 vs T3* T3 C1 vs C2*
T2 vs T3***
#
#
C2 vs C3**
Gl - G2*
*%
#
#
ClvsC2# C1vs C3*
#

ok

(continued)
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Orthosis v/s no

Orthoses over time

Orthosis design 1 vs
Orthosis design 2

Orthosis design 1 vs
Orthosis design 2

Early provision versus
delayed provision

Outcome measure Reference (within groups) (within groups) (within subjects) (between groups) (between groups)
Ashburn walking test
(15 m)
Ashburn stair test Doggan et al., 2011 [52] #
(7 stairs)
Timed up and down Chen et al., 2014 [46] *
stairs (TUDS) de Wit et al., 2014 [48] &
Erel et al., 2011 [35] up* down*
Farmani et al., 2016 [56] up G1# ; G2* up* down *
down G1# ; G2#
Nikamp et al., 2017 [31]
Suat et al., 2011 [36] # #
Step test Bouchalova et al., 2016 [44] Clvs2* ClvsC3#
BBS Bethoux et al., 2014 [42] G1* G2 # #
Cakar et al.,, 2010 [45] B
Ding et al., 2015 [50] [ G1 vs G3****
G2 vs G3**
Doggan et al., 2011 [52] o
Kluding et al., 2013 [64]
Nikamp et al., 2017 [31]
Park et al., 2009 [71] ClvsC2* Q2 vs C3*
Clvs C3 *
Portnoy et al., 2015 [27] &
Simons et al., 2009 [79] *
Wang et al., 2005 [83]
ABC Zissimopoulos et al., 2014 [84]  *
Timed balance Simons et al., 2017 [79] 555
Ota et al., 2019 [30]
Falls Efficacy Scale Hung et al., 2011 [60] B
Postural assessment de Séze et al., 2011 [47]
scale (PASS)
mEFAP Bethoux et al., 2014 [42] Gl # G2 # #
Bethoux et al., 2015 [43] Gl # G2 # #
Embrey et al., 2010 [53]
Hung et al., 2011 [60] &
STREAM (mobility) Doggan et al,, 2011 [52] B
Four square step test Bouchalova et al., 2016 [44] C1vs C2*
ClvsC3-
Functional reach Erel et al., 2011 [35]
Kluding et al., 2013 [64]
Rao et al.,, 2016 [74] Forward reach ****
left/right reach ***
Shin et al., 2017 78] C1vs C2**F (1 vs C3 ***
Suat et al., 2011 [36] & -
FIM de Seze et al., 2011 [47]
DeMeyer et al., 2015 [49] -
Ding et al., 2015 [50] All groups **** R
Ota et al,, 2018a [28] [R5
Ota et al.,, 2018b [29] G *** Uil o
G2 Fkkok T2 ok
PCl Erel et al,, 2011 [35] o
Evaraert et al., 2013 [54] After T3 After T5 After T3 After T5
Maeda et al., 2009 [66] *
Suat et al., 2011 [36] REFFS &
Taylor et al., 1999 [24] # ClTlvsT2*
C2T1vs T2 -
SIS-16 Bethoux et al.,, 2014 [2] Gl # G2 #
Embrey et al., 2010 [53]
Laufer et al., 2009 [65] ok
Kluding et al., 2013 [64]
Salisbury et al., 2013 [75]
SIS-Participation Laufer et al., 2009 [65] B
Stroke Impairment Kazutoshi et al., 2017 [63] ok
Assessment set
Stroke Rehab McCain et al., 2012 [67]
Assessment of
movement test
Sickness impact profile Beckerman et al., 1996 [41]
(ambulation category)
Fugl-Meyer Assessment Beckerman et al., 1996 [41]
Ding et al., 2015 [50] G1 * G2# foREatld
64****

(continued)
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Table 3. Continued.

Orthosis v/s no

Outcome measure Reference (within groups)

Orthoses over time
(within groups)

Orthosis design 1 vs
Orthosis design 2
(within subjects)

Orthosis design 1 vs
Orthosis design 2
(between groups)

Early provision versus
delayed provision
(between groups)

Kazutoshi et al., 2017 [63] ok
Kluding et al., 2013 [64]
Sheffler et al., 2013 [77]
ROM Beckerman et al., 1996 [40]
DeMeyer et al., 2015 [49]
Grissom and Blanton, 2001 [58]
Beckerman et al., 1996 [41]
Ding et al., 2015 [50]

ok
Spasticity

Spasticity (clinic
spasticity Influx)
Spasticity (Ashworth)

Hokskok

de Seze et al., 2011 [47]
DeMeyer et al., 2015 [49]
Embrey et al., 2010 [53]
Iwata et al., 2003 [62]
Beckerman et al., 1996 [41]
Beckerman et al., 1996 [41]
Beckerman et al., 1996 [41]

Muscle tone
Achilles tendon reflex
Ankle clonus

Device related serious
adverse events

Bethoux et al., 2014 [42]
Bethoux et al., 2015 [43]
Everaert et al., (2013) [54]
Kluding et al., 2013 [64]
Prenton et al., 2014 [73]

Emory Bethoux et al., 2014 [42] Gl #
Functional Bethoux et al., 2015 [43] Gl #
Ambulation profile Salisbury et al., 2013 [75]
(total score) Sheffler et al., 2006 [76] floor C1/C2*  C1/C3#
carpet a/c*  ay/c*
obstacle  C1/C2*  C1/C3*
stair a/c* /3
Sheffler et al., 2013 [77]
Street et al.,, 2017 [80]
Stroke specific Bethoux et al., 2014 [42] #

QoL Sheffler et al., 2013 [77]
Psychosocial Impact of Barrett and Taylor, 2010 [39]
Assistive Devices

Scale (PIADS)
Satisfaction (self-report) Do et al.,, 2014 [51]

Kluding et al., 2013 [64]
Portnoy et al., 2015 [27]
Prenton et al., 2014 [73]

Tyson et al., 2001 [81]

Van Swigchem et al., 2010 [82]
de Wit et al., 2004 [48]

self confidence Everaert et al., (2013) [55]

FAC de Séze et al., (2011) [47]
Nikamp et al., 2017 [31]
Simons et al., 2009 [79] R
Street et al., 2017 [80]

Tyson et al., 2001 [81]

Granat et al., 1996 [57]

Nikamp et al., 2017 [31]

Kluding et al., 2013 [64]

Street et al.,, 2017 [80]

Van Swigchem et al., 2010 [82]
Nikamp et al., 2017 [31]

*

Perceived safety/

Barthel index

Step activity monitor

Rivermead
Mobility Index

Borg Rating of Pavlik, 2008 [72]

Perceived Exertion

T1vs T2 and T4

#
Hokokok
G2 # #
G2 # #
#
Floor*
Carpet#
Obstacle#
Stairs#
#
Tivs T3
ok
After T3 After T5
#

Light grey shading indicates a statistically significant difference within or between groups, dark grey indicates no significant difference and black indicates that no
statistical analysis was reported. Interpretation of effect size [71] # d < 0.2 (trivial); * 0.2-0.49 (small); ** 0.5-0.79 = (moderate); *** 0.8-1.29 (large); ****>1.3
(very large). If no effect size is indicated in the table, it was not able to be calculated on the basis of data provided in the article.

If multiple analyses were preformed and level of significance or effect size differed, this has been indicated by shading cells or including a letter to reflect the ana-
lysis performed T: analysis across or within specific time points; G: analysis within or between different groups; C: analysis within or between different conditions.

factors are highly relevant to investigate [34]. The core sets for
stroke specifically include environmental issues related to support
and relationships from immediate family (e310), health professio-
nals (e355) and Health services, systems, and policies (€580). It is
interesting to note that these issues were not addressed in any of
the outcome measures included in this review.

Given the focus of this review on measures with high clinical
utility, the sole measure of metabolic functions (b540) was the
PCl. While trials have been somewhat limited, 2 studies in this
review recorded large [35] or very large [36] effect sizes warrant-
ing further investigations of this measure in future
research studies.
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ICF
Chapter code ICF label Outcome measure linked to code
Body Functions b110 Consciousness functions SAS
b1 - Mental functions b114 Orientation functions SAS
b126 Temperament and personality functions Stroke Specific QoL Scale
b144 Memory functions FIM
Stroke Specific QoL Scale
b156 Perceptual functions SAIS
b164 Problem solving FIM
b167 Mental functions of language SAIS
b270 Sensory functions related to temperature Fugl-Meyer Assessment
b2 - Sensory functions and other stimuli SAIS
and pain b280 Sensation of pain Fugl-Meyer Assessment
CMSAM
b455 Exercise tolerance functions Borg Rating of Perceived Exertion
b4 - Functions of the 6-minute Walk Test
cardiovascular, haematological, Step counter/activity monitor
immunological and Stroke Specific QoL Scale
respiratory systems
b525 Defecation functions Barthel Index
b5 - Functions of the FIM
digestive, metabolic and SIS-16
endocrine systems b610 Urinary excretory functions Barthel Index
FIM
SIS-16
b540 General metabolic functions PCl
b710 Mobility of joint functions Fugl-Meyer Assessment
b7 - Neuromusculoskeletal STREAM
and movement- ROM
related functions SAIS
b730 Muscle power functions CMSAM
SAIS
SAS
b735 Muscle tone functions SAIS
Ashworth Scale
Composite Spasticity Index
Muscle tone
Ankle clonus
b750 Motor reflex functions Fugl-Meyer Assessment
Achilles tendon reflex
b760 Control of voluntary movement functions Fugl-Meyer Assessment
STREAM
CMSAM
SAS
b765 Involuntary movement functions Fugl-Meyer Assessment
b780 Sensations related to muscles and Fugl-Meyer Assessment
movement functions
Activities And d310 Communicating with - receiving — FIM
Participation d3 - Communication spoken messages
d330 Speaking FIM
Stroke Specific QoL Scale
d415 Maintaining a body position STREAM
d4 - Mobility CMSAM
SAIS
Berg Balance Scale
Brunnel Balance assessment
Timed Balance Test
Rivermead Mobility Index
Postural Assessment Scale
SIS-16
d410 Changing basic body position STREAM
CMSAM

Max. step length

Berg balance scale

Brunnel Balance assessment
Rivermead Mobility Index
mEFAP

EFAP

Falls Efficacy Scale

Four Square Step Test
Functional Reach Test
Stroke Specific QoL scale

(continued)
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Table 4. Continued.

ICF
Chapter code ICF label Outcome measure linked to code

d420 Transferring oneself CMSAM
Berg Balance Scale
Barthel Index
FIM
Rivermead Mobility Index
Falls Efficacy Scale
SIS-16
d450 Walking STREAM
CMSAM
Paper walkway (tempro-spatial gait data)
SAS
ABC
Brunnel Balance assessment
Barthel Index
6-minute Walk Test
FIM
FAC
Rivermead Mobility Index
Timed up and go
10 m walk test
25 feet walk
Walking velocity(100m)
Walking velocity
Walking velocity 5m
Walking velocity (5.5 m)
Figure 8 walking test
Perry Ambulation Category
mEFAP
EFAP
Falls Efficacy Scale
Step Counter/Activity Monitor
Sickness Impact Profile (ambulation category)
Stroke Specific QoL scale
SIS-16
d455 Moving around CMSAM
ABC
Barthel Index
FIM
FAC
Rivermead Mobility Index
Perry Ambulation category
mEFAP
EFAP
Step test
Ashburn Walking and Stairs Test
Timed up and down stairs
Sickness Impact Profile (ambulation category)
Stroke Specific QoL Scale
SIS-16
d460 Moving around in different locations CMSAM
ABC
Rivermead Mobility Index
Perry Ambulation Category
mEFAP
EFAP
SIS-16 — Stroke Impact Scale-16
d510 Washing oneself Barthel Index
d5 - Self care FIM
Falls efficacy Scale
Stroke Specific QoL Scale
SIS-16
d520 Caring for body parts Barthel Index
FIM
d530 Toileting Barthel Index
FIM
Stroke Specific QoL Scale
SIS-16 — Stroke Impact Scale-16
d540 Dressing FIM
Falls Efficacy Scale
Stroke Specific QoL Scale
SIS-16 — Stroke Impact Scale-16
d550 Eating Barthel Index

(continued)
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ICF
Chapter code ICF label Outcome measure linked to code
FIM
Stroke Specific QoL Scale
d630 Preparing meals Falls efficacy scale
d6 — Domestic life Stroke Specific QoL Scale
d640 Doing housework ABC
SIS-16 — Stroke Impact Scale-16
d710 Basic interpersonal interactions FIM
d7 - Interpersonal interactions Stroke Specific QoL Scale
and relationships d760 Family relationships Stroke Specific QoL Scale
d8 — Major life areas d850/d855 Remunerative employment/non- SIS — participation
remunerative employment
daio Community life SIS — participation
d9 - Community, social and d920 Recreation and leisure SIS - participation
civic life
Environmental e120 Products and technology for personal indoor  PIADS
factors el - Products and technology and outdoor mobility and transportation Device related serious adverse event rate
QUEST
Self-reported problems with orthosis
e150 Design, construction and building products ABC

and technology of buildings for public use

Personal factors Personal factors Not coded in ICF

Falls Efficacy Scale

ABC

PIADS

Stroke Specific QoL scale
Self-report satisfaction
Self confidence

Perceived safety

VAS perception of walking

Most studies with large or very large effect sizes compared
either an orthosis condition to a no orthosis condition or investi-
gated the relative effects of an orthosis over time. Very few stud-
ies in which two orthosis conditions were compared recorded
large or very large effect sizes associated with specific outcome
measures. This is likely because relative differences between the
conditions are smaller. Results are consistent with those reported
in a systematic review by Ferreira et al. [37]. These authors noted
significant improvements in gait velocity in studies comparing the
use of an AFO to no AFO but not when comparing rigid versus
articulated AFOs.

Study limitations

This review should not be considered as an exhaustive list includ-
ing all the outcome measures that could be used to assess health
and health-related domains in individuals prescribed with orthotic
devices post-stroke. The authors limited their search to English
language publications and chose not to include gray literature. It
does however provide an indication of measures that would be of
interest to investigate further and highlights ICF domains in which
application of outcomes measures for evaluation of orthotic inter-
ventions are lacking.

A number of studies did not report sufficient information to
calculate effect size which is considered important when inter-
preting results of orthotic interventions related to each outcome
measure. While hypothesis testing with associated p-values was
presented in most studies, the p-value only indicates the likeli-
hood that the results differ from chance and is dependent upon
the sample size. Effect sizes provide an indication of how mean-
ingful the result is in terms of the magnitude of the difference in
mean scores or the strength of the relationship [38].

It should be recognized that classifying measures according to
the ICF is not a straightforward process and there is currently no
consensus on how this should be done appropriately. We have

done our best to review the specific items within each outcome
measure and to classify them according to the appropriate chap-
ter and code within the ICF. While the reliability of our coding
has not been established, we believe that the classification of out-
come measures can still be useful in guiding clinicians in the
selection of outcome measures representing different domains
within the ICF.

Conclusion

The need to choose appropriate outcome measures in clinical
practice has become increasingly important and there is currently
no consensus on specific outcome measures that should be used
in clinical practice to evaluate the effects of orthotic management
post-stroke. Our review presents a comprehensive summary of
outcome measures that have been used in original research stud-
ies, reports effect sizes associated with outcomes reported in each
study, and classifies each outcome measure according to the ICF.
Results suggest that outcome measures related to mobility have
been prioritized by studies included in this review and that effect
sizes were most promising when using the 10-meter Walk Test to
evaluate orthotic management post-stroke. Other outcome meas-
ures in which large effect sizes were reported were the functional
reach test and physiological cost index.
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