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Abstract

Objective: To evaluate the measurement properties of clinical instruments used to assess manual wheelchair mobility in individuals with spinal
cord injury (SCI).

Data Sources: This systematic review was conducted according to the Consensus-Based Standards for the Selection of Health Measurement
Instruments guidance and Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. The search was conducted up to
December 2021 on MEDLINE/PubMed, Cochrane Central Register of Controlled Trials, Web of Science, Biblioteca Regional de Medicina, and
Cumulative Index to Nursing and Allied Health databases without time restriction.

Study Selection: Peer-reviewed original research articles that examined any clinical wheelchair mobility and/or skill assessment instrument among adults
with SCI and reported data on at least one measurement property or described the development procedure were evaluated independently by two reviewers.
Data Extraction: Data were independently extracted according to Consensus-Based Standards for the Selection of Health Measurement Instru-
ments methodology. Measurement property results from each study were independently rated by two reviewers as sufficient, insufficient, indeter-
minate, or inconsistent. The evidence for each measurement property was rated as high, moderate, low, or very low (Grading of
Recommendations, Assessment, Development, and Evaluation). Recommendations for highly-rated instruments were performed.

Data Synthesis: Twenty-nine studies with 21 instruments were identified. The methodological quality of studies ranged from insufficient to suffi-
cient, and the quality of evidence ranged from very low to high. Six instruments reported content validity. Reliability and construct validity were
the most studied measurement properties. Structural validity and invariance for cross-cultural measurement were not reported. The highly rated
instruments were the Wheelchair Outcome Measure and Wheelchair Skills Test Questionnaire.

Conclusions: Although numerous instruments for assessing wheelchair mobility and/or skills among individuals with SCI were identified, not many mea-
surement properties have been sufficiently established. The Wheelchair Outcome Measure and Wheelchair Skills Test Questionnaire show the current
best potential to be recommended for clinical and research use. Further studies are needed to strengthen or change these recommendations.
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functional tasks.” Essential wheelchair skills are related to proper
propulsion mechanics, transfers between the wheelchair and other
surfaces, maintenance of the wheelchair, and management of envi-
ronmental barriers, such as ramps, curbs, and stairs.™’

Therefore, the ability to perform mobility activities in a wheel-
chair is essential for the individual’s independence in daily life
activities, providing security during their movement and increas-
ing social participation and quality of life.>* Other essential
aspects are related to physical capacity, return to work activity,
personal satisfaction, and greater mobility capacity, which allow
the individual to remain active and reduce sedentary lifestyle and
deconditioning.®’

Using standardized assessment instruments to assess wheeled
mobility skills is essential to classify individuals’ skill levels and
guide the training of appropriate wheelchair skills.*'" Many dif-
ferent instruments are available for use in clinical practice.'’'"”
However, most of them were not developed specifically for indi-
viduals living with SCI (target population).'’ Furthermore, there
is no consensus in the literature about which instruments are the
most suitable and reliable for evaluating mobility construct in
individuals with SCI who use a wheelchair for daily activities.'*!!
Additionally, the process leading to the development of several of
these outcome measures is not standardized, presenting limitations
in their methodologies, which hinders the interpretation of the
measurement properties.'*"!

To standardize the assessment of the measurement properties,
the Consensus-Based Standards for the Selection of Health Mea-
surement Instruments (COSMIN) initiative can guide the develop-
ment of outcome measures.'” It can also be used to conduct a
methodological quality assessment of the measurement properties
of instruments.'*'> Analysis with the COSMIN guidelines can
help in the decision-making process to select the most suitable
clinical tools for use in research and clinical settings, allowing for
determining recommendation levels for diagnostic tests.'*'® The
COSMIN developed a methodology guideline for developing sys-
tematic reviews of patient-reported outcome measures
(PROMs), ¢ which uses a systematic methodology with defined
criteria to standardize such type of study.

To our knowledge, 3 previous reviews on a similar subject
were published more than 10 years ago.'”'” The studies aimed to
identify and analyze wheelchair mobility abilities and how they
could be measured. However, they did not use the COSMIN

List of abbreviations:

AIS American Spinal Injury Association Impairment
Scale
COSMIN Consensus-Based Standards for the Selection of
Health Measurement Instruments
SAML-FIM 5 Additional Mobility and Locomotor in FIM
GRADE Grading of Recommendations, Assessment,
Development, and Evaluation
PROM patient-reported outcome measure
QEWS Queensland Evaluation of Wheelchair Skills
SCI spinal cord injury
SEWM Self-efficacy in Wheeled Mobility Scale
TOWM Test of Wheeled Mobility
WC-PFP Wheelchair Physical Functional Performance
WhOM Wheelchair Outcome Measure
WPT Wheelchair Propulsion Test
WST Wheelchair Skills Test
WST-Q Wheelchair Skills Test Questionnaire
WUFA Wheelchair Users Functional Assessment
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taxonomy and systematic review methodology for the measure-
ment property analysis of each instrument. In addition, only 1 of
the previous reviews analyzed wheelchair skills tests specifically
among individuals with SCI who use a manual wheelchair for their
mobility activities.'” Moreover, these previous reviews have
shown significant inconsistencies among the instruments available
more than 1 decade ago. The studies have also failed to make any
recommendation on the most suitable instrument to assess wheel-
chair mobility skills among individuals with SCL.'®'"

Therefore, this study aims to systematically review the instru-
ments available in the literature to assess wheelchair mobility
among individuals with SCI. In addition, this review seeks to rec-
ommend outcome measurement instruments to evaluate wheel-
chair mobility based on their measurement properties.

Methods

This systematic review was conducted according to the COSMIN
methodology and systematic review guideline'*'® and reported
using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement.'®'? The research protocol was devel-
oped and registered in the Prospective International Registry of
Systematic Reviews (http://www.crd.york.ac.uk/PROSPERO/;
registration no.: CRD42019138301). For the purpose of this
review, instruments for assessing manual wheelchair mobility
were defined as any clinical scale, test, or questionnaire used to
assess mobility-related activities to move by changing body posi-
tion or location or by transferring from one place to another using
a manual wheelchair.

Data sources and searches

A literature search was conducted in December 2021 using the fol-
lowing electronic databases: MEDLINE/PubMed, Cochrane Cen-
tral Register of Controlled Trials, Web of Science, Biblioteca
Regional de Medicina, and Cumulative Index to Nursing and
Allied Health. The general search strategy consisted of 3 search
groups related to (1) SCI, (2) wheelchairs, and (3) outcome assess-
ment. Each group was composed of the Medical Subject Headings
search terms and/or synonyms and variations, as shown in appen-
dix 1. The complete search strategy was adapted for each elec-
tronic database. No date or language restrictions were applied
during the search. Finally, a forward and backward investigation
of the eligible studies was carried out by checking their reference
lists for additional studies.

Study selection

The initial screening of titles was performed to avoid duplicate
references and exclude apparent nonfitting studies. Then, the
remaining full-text articles deemed potentially relevant were
reviewed for eligibility. In both stages, 2 reviewers performed
screening independently (G.R.F., L.A.). Any discrepancies in the
agreement were solved with a third reviewer (J.I.) until a consen-
sus was reached.

Articles were deemed eligible when the study (1) reported that
the sample contained adults with SCI who are manual wheelchair
users, (2) discussed any clinical wheelchair mobility or skill
assessment instrument, and (3) reported data on at least 1 measure-
ment property or described the development procedures of a clini-
cal instrument evaluating wheelchair mobility or skill. Articles
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were excluded if they were systematic reviews, study proposals or
protocols, case studies or case series, books or book chapters,
poster abstracts, conference abstracts, correspondence, or com-
mentaries.

Data extraction

One reviewer (G.R.F.) extracted all necessary data using a stan-
dard extraction form, checked by a second reviewer (L.A.). The
initial data extracted from the included articles were (1) author,
(2) country/language, (3) aim of the study, (4) aspects of the study
sample, (5) measurement properties studied, and (6) instrument
characteristics (number of items, type, and administration).

Assessment of the methodological quality of the
included studies

According to the recommendations of the COSMIN checklist risk
of bias, 2 reviewers (A.L., G.R.F.) independently assessed the
methodological quality of the included studies.'*'® The COSMIN
checklist is a tool that contains 10 boxes to evaluate the methodo-
logical quality of each study on measurement properties and 2
boxes to evaluate general requirements.’*'

The COSMIN guidance for systematic reviews of PROMs rec-
ommends assessing measurement properties in the following
order: (1) content validity and (2) internal structure (test-retest
reliability, measurement error, criterion validity, construct valid-
ity, responsiveness).'® For each measurement property, 3 phases
are included. Initially, the risk of bias in every single study is
assessed. Afterward, the results of every single study are rated
against the criteria for sufficient measurement properties. Finally,
the results from all studies are summarized, and the quality of evi-
dence is graded for each measurement property.'*'¢

Assessment of the outcome measurement
properties

In the first phase, the risk of bias was evaluated. Each measure-
ment property was independently classified as very good (V), ade-
quate (A), doubtful (D), or inadequate (I) by 2 reviewers (A.L., G.
R.F.). To rate the methodological quality, the lowest rating of any
item in a COSMIN evaluation box was taken (worse score counts
method) according to the COSMIN guidelines, and in case of dis-
agreement, a third evaluator was consulted (J.1.). 14.16

Next, the criteria for sufficient measurement properties of each
article were analyzed by the same 2 independent reviewers. In this
phase, every measurement property of each article is rated accord-
ing to the consensus-based criteria proposed by COSMIN.'* !¢
Based on previous studies, the review team formulated a set of
hypotheses (fig 1 - box) to evaluate construct validity (hypothesis
testing or known-groups validity) and responsiveness.'*2%%!

After that, an overall rating for each measurement property was
used, combining all studies that evaluated a specific instrument.
Finally, the instrument’s measurement property was classified as
sufficient, insufficient, inconsistent, or indeterminate. 1416 Con-
struct validity and responsiveness were considered sufficient if
>75% of the hypotheses were met, insufficient if <75% of the
hypotheses were not met, or inconsistent if different studies
showed divergent findings, that is, if they did not display the same
results (eg, all sufficient, insufficient, inconsistent findings). 14,16

Best evidence synthesis

The quality of the evidence was graded for every measurement
property and each instrument separately according to the Grading
of Recommendations, Assessment, Development, and Evaluation
(GRADE) approach adapted for this type of review (4-point score:
high, moderate, low, or very low).”>>* If the measurement prop-
erty studied did not achieve the criteria, the score was down-
graded, and confidence in the instrument was reduced.”> We
determined the requirements for GRADE indirectness evaluation.
GRADE was downgraded (decrease score) for a mixed popula-
tion: (—1) if >75% with SCI and (—2) if the sample contained
between 75%-50% of participants living with SCL.>* The quality
of evidence (GRADE: high, moderate, low, very low) was com-
bined with study outcomes rating (COSMIN: positive, indetermi-
nate, negative as proposed by the Cochrane Back Review
Group).”

After the interpretation of the evidence synthesis, recommen-
dations for highly-rated instruments were performed according to
the COSMIN guideline into 3 categories: (A) instruments that
have the potential to be recommended as the most suitable for the
construct and population of interest (ie, instruments with evidence
for sufficient content validity [any level] and at least low-quality
evidence for sufficient internal consistency); (B) instruments that
have the potential to be recommended, but more validation studies
are necessary (ie, instruments categorized not in A or C); and (C)
instruments that should not be recommended (ie, instruments with
high-quality evidence for an insufficient measurement
property).' !¢

Results

Characteristics of included studies

In total, 2927 records were identified in the database searches, 59
full-text articles were retrieved, and 29 studies met the eligibility
criteria (fig 2, appendix 2). Among the 29 included studies in this
review, 21 instruments were identified, as shown in table 1 (17
tests and 4 questionnaires). The sample characteristics were het-
erogeneous among the studies. They included individuals with
paraplegia and tetraplegia from American Spinal Injury Associa-
tion) Impairment Scale (AIS) A-D classifications. Moreover,
individuals with SCI from inpatient/outpatient settings and
from subacute to chronic stages were included in the studies
(tables 2-4). The overall methodological quality of the studies
ranged from insufficient to sufficient (see tables 2-4), and the qual-
ity of evidence of the outcome measurement instruments ranged
from very low to high (table 5).

Measurement property analysis

All 21 instruments included in this review analyzed at least 1 mea-
surement property. Of these, only 6 instruments (28%) had the
content validity, and 5 instruments (23%) had the internal consis-
tency analyzed.

The content validity was analyzed (see table 2) in the Test of
Wheeled Mobility (TOWM), Wheelchair Skills Test (WST),
Wheelchair Skills Test Questionnaire (WST-Q), Wheelchair Out-
come Measure (WhOM), Wheelchair Users Functional Assess-
ment (WUFA), and Wheelchair Propulsion Test (WPT). Among
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Criteria

Correlation with an instrument measuring the same construct must be =0.50 OR at
least 75% of the results are in accordance with the hypotheses AND correlation
with related constructs is higher than with unrelated constructs (+)

<0.50 and =0.30 with instruments measuring related but dissimilar constructs (e.g..

quality of life, life satisfaction); and <0.30 with instruments measuring unrelated

Solely correlations determined with unrelated constructs OR no correlations

Correlation with an instrument measuring the same construct is <0.50 OR <75% of

the results are in accordance with the hypotheses AND correlation with related

constructs is higher than with unrelated constructs (-)

Area under the curve (AUC) to discriminate between improved and not
improved/deteriorated subjects had to be =0.70 (+) OR;

Effect sizes and standardized response means for improved subjects had to be =0.50
larger than those for not improved/deteriorated subjects (+) OR;

p<0.05 AND change =20% from baseline, (+)

(?) only p<0.05 value (-) criteria for (+) do not match.

Measurement
property
Construct Validity
constructs (+)
reported (?)
Responsiveness
Criterion Validity

Convincing arguments that criterion validity standard is "gold"” AND correlation
OR ICC with criterion standard is >0.70; OR sensitivity/specificity or accuracy is
80%-100% (+).

No convincing arguments that criterion standard is "gold" OR no correlations have
been calculated. Sensitivity and specificity are not displayed OR only the accuracy
is displayed (?)

Correlation with criterion standard is <0.70, despite adequate design and methods

OR sensitivity and specificity or accuracy is <70% (-)

Fig1 Criteria for hypotheses testing as defined by the review team. Abbreviations: AUC, area under the curve; ICC, intraclass correlation coeffi-

cient; OR, odds ratio.

those instruments, the TOWM, WPT, and WUFA were rated as
very low—quality evidence of indeterminate content validity; the
WhOM and WST-Q were rated as low-quality evidence of suffi-
cient content validity; and the WST was rated as moderate-quality
evidence of indeterminate content validity (see table 5).

The internal consistency (see table 2) was assessed in 5 instru-
ments, those being the Five Additional Mobility and Locomotor in
FIM (SAML-FIM), Queensland Evaluation of Wheelchair Skills
(QEWS), Self-efficacy in Wheeled Mobility Scale (SEWM),
Wheelchair Physical Functional Performance (WC-PFP), and
WUFA. Moreover, these instruments were rated as having very
low— to low-quality evidence of indeterminate internal consis-
tency (see table 5).

Reliability was evaluated in 16 instruments (76%) and was the
measurement property most evaluated among the included studies
(see table 2). The analysis indicates that only the WhOM and
WST showed criteria to be rated as moderate- or high-quality

www.archives-pmr.org

evidence (respectively) of sufficient reliability (see table 5). Con-
struct validity (hypotheses testing) was evaluated among 12 instru-
ments (57%) (see table 3). Four instruments were rated as having
high- or moderate-quality evidence of sufficient construct validity
(5AML-FIM, QEWS, WhOM, WPT). The other instruments were
poorly rated and obtained a rating of inconsistent, indeterminate,
or insufficient construct validity (see table 5).

Criterion validity was assessed by 8 instruments (38%), see
table 3. Among those instruments, 3 (QEWS, WPT, WST-Q) were
rated as having very low— and low-quality evidence of sufficient
criterion validity (see table 5). The remaining 5 instruments were
rated as having low- to moderate-quality evidence for insufficient
or indeterminate criterion validity.

The measurement error, interpretability, and responsiveness
analysis are shown in table 4. Four instruments had the measure-
ment error analyzed (Short Wheelie Test, TOWM, Timed Manual
Wheelchair Slalom Test, WhOM). Among those, the WhOM was
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Fig2 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

Table 1 Included instruments and their characteristics

Acronym/ No. of Mode of
Instrument Initials  Items  Country (Language) Administration  Reference
Adapted Manual Wheelchair Circuit AMWC 14 US (English)/Brazil Test Cowan et al®®;
(Portuguese) Ribeiro Neto et al*’
Adapted Manual Wheelchair Circuit+3 AMWC+3 17 Brazil (Portuguese) Test Ribeiro Neto et al*®
Assessment tool for mobility in wheelchairs ~ ATMW 6 Australia (English) Test Harvey et al*’
Comprehensive Product-Centered Approach to PWFPA 14 Spain (Spanish) Test Gil-Agudo et al**
Assessing Functional Performance
5 Additional Mobility and Locomotor in FIM ~ 5AML-FIM 23 Australia (English) Interview Middleton et al®*
Functional Tasks FT 4 Canada (English) Test May et al*?
Obstacle Course Assessment Wheelchair User  OCAWUP 10 Canada (French) Test Routhier et al*?
Performance
Performance-Based Wheelchair Propulsion PWPT 4 Canada (English) Test Gagnon et al**
Test
Queensland Evaluation of Wheelchair Skills ~ QEWS 5 Australia (English) Test Gollan et al*
Self-efficacy in Wheeled Mobility Scale SEWM 10 Belgium (Dutch) Interview Fliess-Douer et al*®
Short Wheelie Test WT-S 8 Belgium (Dutch) Test Fliess-Douer et al*’;
Fliess-Douer et al*®
9-Task Wheelchair Circuit 9-WC 9 Netherlands (Dutch) Test Kilkens et al**
Test of Wheeled Mobility TOWM 30 Belgium (Dutch) Test Fliess-Douer et al*’;
Fliess-Douer et al*®
Timed Manual Wheelchair Slalom Test TMWST 1 Canada (English) Test Gagnon et al®
Wheelchair Circuit wc 8 Canada (English) Test Kilkens et al
Wheelchair Outcome Measure WhOM Variable Canada (English)/Iran (Farsi) Interview Mortenson et al*’;
Miller et al*’;
Alimohammad et al*®
Wheelchair Physical Functional Performance  WC-PFP 12 US (English) Test Cress et al*
Wheelchair Propulsion Test WPT 3 Canada (English) Test Askari et al*®
Wheelchair Skill Test WST 32 Canada (English) Test Kirby et al*®;
Kirby et al*’;
Kirby et al*®;
Lindquist et al*%;
Pradon et al**
Wheelchair Skill Test Questionnaire WST-Q 32 Canada/US (English) Interview Mountain et al*’;
(phone, Kirby et al*°;
postal Passuni et al®"
questionnaire,
online)
Wheelchair Users Functional Assessment WUFA 13 US (English) Test Stanley et al®
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Table 2

Measurement properties of the included instruments: internal consistency, reliability, and content validity

Instrument

Reference

Internal Consistency

Reliability

Content Validity

Relevance Comprehensiveness

Comprehensibility

Method
Quality

Result

Sample (Rating)

Method

Quality

Method
Quality

Method
Quality

Result
(Rating)

Result
(Rating)

Result
(Rating)

Method
Quality

Result
(Rating)

AMWC

ATMW

PWFPA

5AML-FIM

T

0CAWUP

PWPT

QEWS

Cowan et al*®

Harvey et al*’

Gil-Agudo et al*°

Middleton et al**
l32

May et al

Routhier et al**

(34

Gagnon et a

Gollan et al**

50 Participants (100% SCI)

Setting: outpatient

Classification: paraplegia/tetraplegia

AIS: A-D

Chronicity: chronic

20 Participants (100% SCI)

Setting: NR

Classification: Paraplegia

AIS: NR

Severity: NR

Chronicity: chronic

6 Participants (100% SCI)

Setting: NR

Classification: paraplegia/tetraplegia (T1-
T12)

AIS: NR

Chronicity: chronic

43 Participants (100% SCI) v

Setting: NR

Classification: paraplegia/tetraplegia

AIS: NR

Chronicity: NC

20 Participants (100% SCI)

Setting: NR

Classification: NR

AIS: NR

Chronicity: NR

17 Participants (35.3% SCI and 64.7%
Other)

Setting: NR

Classification: NR

AIS: NR

Chronicity: chronic

14 Participants (100% SCI)

Setting: inpatient

Classification: tetraplegia and paraplegia
(C6-L1)

AIS: NR

Chronicity: subacute

20 participants (100% SCI) A

Setting: NR

Classification: NR

AIS: NR

Chronicity: subacute to chronic

Cronbach
«=0.89 (+)

Cronbach
@=0.86 (+)

D

1CC=0.90 (+)

Cohen weighted
1=0.82-0.96 (+)

1C=0.95-0.99 (—)

1CC=0.99 (+)

Time (ICC=0.74 - 0.99)
(+)/GSE (1CC>0.96)
Q)

20-m propulsion test
(ICC=0.981)/Slalom
Test (ICC=0.978)/6-
minute propulsion
test (ICC=0.98)

1C=0.98-1.00 (+)

(continued on next page)
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Table 2 (Continued)

Content Validity

Internal Consistency Reliability Relevance Comprehensiveness Comprehensibility

Method  Result Method  Result Method  Result Method  Result Method  Result
Instrument Reference Sample Quality  (Rating) Quality  (Rating) Quality ~ (Rating) Quality  (Rating)  Quality  (Rating)

SEWM Fliess-Douer et al’® 47 Participants (100% SCI) v Cronbach
Setting: outpatient a=0.91/
Classification: paraplegia r=0.90 (+)
AIS: NR
Chronicity: chronic
WT-S Fliess-Douer et al., 30 Participants (100% SCI) A 1CC=0.94-0.99 (+)
2013°7 Setting: outpatient
Classification: NR
AIS: NR
Chronicity: chronic
9-WC Kilkens et al. 27 participants (100% SCI) A 1CC=0.76-0.98 ()
2002°° Setting: Outpatient
Classification: tetraplegia/paraplegia
AIS: NR
Chronicity: NR
TOWM Fliess-Douer et al’’” 30 Participants (100% SCI) A 1CC=0.91-0.99 (+) D g D g D g
Setting: outpatient
Classification: NR
AIS: NR
Chronicity: chronic
TMWST Gagnon et al*® 15 Participants (100% SCI) D eRliability coefficient
Setting: NR ¢=0.981 (?)
Classification: tetraplegia/paraplegia
AIS: A, B, orC
Chronicity: subacute to chronic
WhOM I D ? D +
Miller et al*® 50 Participants (100% SCI) v Sat (1CC=0.91)/
Setting: outpatient Imp x Sat (ICC=0.90)
Classification: tetraplegia/paraplegia (+)
AIS: A, B, or C
Chronicity: chronic
Alimohammad et 75 Participants (100% SCI) v 1CC=0.99 (+)
al®? Setting: NR
Classification: NR
AIS: NR
Chronicity: subacute to chronic
WC-PFP Cress et al** 18 Participants (44% SCI and 66% other) A Cronbach A 1CC=0.96 (+)
Setting: NR @=0.93 (+)
Classification: NR
AIS: NR
Chronicity: chronic
WPT Askari et al*® 58 Participants (8.6% SCI and 91.4% other) A 1CC=0.72-0.96 (+) A + A + A +
Setting: inpatient (96%)/outpatient (4%)
Classification: NR
AIS: NR
Chronicity: acute and subacute

(continued on next page)
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Table 2 (Continued)

Content Validity
Internal Consistency Reliability Relevance Comprehensiveness Comprehensibility
Method  Result Method  Result Method  Result Method  Result Method  Result
Instrument Reference Sample Quality  (Rating) Quality  (Rating) Quality ~ (Rating) Quality  (Rating)  Quality (Rating)
WST Kirby et al*’ 24 Participants (12.5% SCI and 87.5% A 1CC=0.65-0.96 () D g I g D g
other)
Setting: inpatient/outpatient
Classification: tetraplegia/paraplegia
AIS: NR
Chronicity: acute to chronic
Kirby et al*® 169 Participants (11% SCI and 89% other) A 1CC=0.904-0.968 (&) D ? D ? D ?
Setting: inpatient/outpatient
Classification: tetraplegia/paraplegia
AIS: NR
Chronicity: subacute to chronic
Kirby et al*® 117 Participants (100% SCI) D ? D ? I ?
Setting: outpatient
Classification: tetraplegia/paraplegia
AIS: NR
Chronicity: chronic
Lindquist et al*’ 11 Participants (81.8% SCI and 18.2% A 1CC=0.85-0.90 (<)
other)
Setting: outpatient
Classification: NR
AIS: NR
Chronicity: NC
Pradon et al** 40 Participants (100% SCI) A 1CC=0.84-0.94 (&)
Setting: NR
Classification: paraplegia/tetraplegia
AIS: NR
Chronicity: chronic
WST-Q Mountain et al* 20 Participants (20% SCI and 80% other) I + I + I +
Setting: inpatient
Classification: NR
AIS: NR
Chronicity: subacute to chronic
Kirby et al*® 117 Participants (100% SCI) I + D + D +
Setting: outpatient
Classification: paraplegia/tetraplegia
AIS: NR
Chronicity: chronic
Passuni et al’* 11 Participants (100% SCI) A 1CC=0.998 (+)

Setting: NR

Classification: paraplegia/tetraplegia (T12-
C4)

AIS: A-D

Chronicity: NC

(continued on next page)

JUBWSSasse ALjLqow JLeyd)aaym (eatuL])

€99


http://www.archives-pmr.org

664 G.R. de Freitas et al
z 5 4L 2 rated as having moderate-quality evidence of sufficient measure-
Z § % S ; ment error, and the other 3 instruments were rated as having very
2 €. 'n:“ ': I low— and low-quality evidence of sufficient measurement error
= T O & .
2l = 2 S = E (see table 5) _
El $ = B E S Responsiveness was assessed by 3 instruments (14%) (see
= c O = . .
Cl=3 = e table 4). The Performance-Based Wheelchair Propulsion Test,
" . = 'z_, = Wheelchair Cicuit, and SAML-FIM were rated as having very low
._*E’ g = g =3 % — to low-quality evidence of sufficient responsiveness (see table
3| o Z 8 C=n ... . o . .
5 5 & 2| é " 2 5). Additionally, the interpretability for 5 instruments (Functional
3 E S5 i Tasks, Short Wheelie Test, TOWM, Timed Manual Wheelchair
o ~ . ..
‘g’ Sl e o § 2 Slalom Test) was reported in (see table 4). The remaining mea-
E| S5 W= . L . .
“l s g é,‘; % 2= surement properties, the structural validity, and the invariance for
— o
S e 2 cross-cultural measurement were not evaluated by any study.
— [T
=2 v g -
= c = »n -~
ol 28 =25 . . .
el e8|, =% é Best evidence synthesis and recommendations
© - w0
g 23F . .
= E Z z % £ The best evidence synthesis of each measurement property by the
g é‘:; 4 2 © B instruments, as reported in table 5, was summarized as the COS-
— © . . .
S 2%G MIN recommendations in (see table 6). All the instruments
S Z 3 included in this review were classified as category B (potential for
Eg § use, but more studies are needed). Additionally, because the
eSS o WhOM and WST-Q were the highest rated instruments for at least
E O +
— > . .1
= g Se sufficient content validity, they can present the current best poten-
wv .
S| S 2£5 tial to be recommended for use.
2 £ LS g
=R =33
HCE ] L
Ve | O s =
x | = = + 9
.Bv < 2 a
5l 5 o S5 . .
= T2 E Discussion
= =35
ol @ S S o i . . i .
|l =5 |< E 5 E This systematic review synthesized the methodological assess-
T = S _Bc ment of the measurement properties for 21 instruments used to
© S s a evaluate wheelchair mobility skills among individuals with SCI
: o . ;

E L2 ﬁ who use manual wheelchairs. In general, assessment instruments
= = (Eﬂ _§o é with insufficient measurement properties had been used to assess
=3 — . 1 . .. . . ..

g =2 & 2 x g wheelchair mobility among individuals with SCI in clinical prac-
= 5| ¢ [} . . . .

é 23 g =% tice and research settings. Despite this, most of the assessment
g = < B instruments demonstrated appropriate validation and accuracy
= =3 . . . .
2l 82 < S i ES according to the COSMIN criteria and were recommended in cate-
ol S = o . .
2 g § § : Lo gory B.'"!® These instruments have the potential to be recom-
= > = & L .

EH S S mended for use, but more validation studies are necessary for the

=5 2 ) : o .

g g = § g specific population, that is, individuals with SCI who use a manual
== c . £ heelchair.'*
.~ S 505 wheelchair.
© s’5 = Cge s .

= k) s 3w % Content validity is the first measurement property considered

° —= = 9 . . 3 P .

g = 3= 5 S when choosing an instrument.'® This is because if the proposed

~ S = -+ . .

=z 8 15 iz Es; 2 construct by an outcome measurement instrument is unclear, the

S c = =1 . . . .

S 2 BHE S other measuring properties will not be suitable for that outcome

7 A o =z EL = *5 within the proposed construct.'*'> Qur systematic review uncov-

3 2 © = : -

8 = 5 jj S g ered only 6 instruments that had the content validity evaluated.

= = [ . . .

2 £ 5|3 'z% 3 =B Three instruments were rated as very low—quality evidence of

o .2 =~ | 'S (5] . . 1. .
8= g =22 £ = = t= indeterminate content validity (TOWM, WPT, WUFA), 1 instru-
O o (I E) (7] . . . .
2| E 2 a< § 3 § S § 5 ment was rated as moderate-quality evidence of indeterminate
© o~ = e . .
E s 3 é 2= : =2 s g 51 content validity (WST), and 2 instruments were rated as having
8 g % 3 2 low-quality evidence of sufficient content validity (WhOM,
£ = £ 2=
EZ5 3. WST-Q).
S.8 L& .
§ 2 ; § = The second most relevant measurement property for instrument
= —© T = . .. . 3.15
° g F 'é = G selection is internal conmstency.” 15 Measurement of both content
= 5] o © = .. . . . .
bS] 5 2 573 £ 'é g validity and internal consistency is related to the degree of interre-
£ S| 8 B3 lationship between the instrument’s items and its scores, reflecting
< =7 = g= 22 the dimensionality of the construct to be measured.'*'” Internal
S TSy2= Y :
= & eER U consistency was evaluated in 5 instruments rated as having very
o~ T 3 . . . . . .
@ 5 = 3 3 é’ “gj low— to low-quality evidence of indeterminate internal consis-

[

E 2 = § § ) § é tency (SAML-FIM, SEWM, QEWS, WC-PFP, WUFA). Only 1

instrument (WUFA) had both content validity and internal
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Table 3 Measurement properties of the included instruments: validity

Instrument

Reference

Sample

Validity

Hypothesis Testing

Criterion

Convergent and Divergent

Known Groups

Method
Quality

Result (Rating)

Method
Quality

Result (Rating)

Method
Quality

Result (Rating)

AMWC

AMWC+3

5AML-FIM

0CAWUP

PWPT

QEWS

SEWM

TOWM

wc

126

Cowan et a

Ribeiro Neto et a

Ribeiro Neto et a

127

128

Middleton et al**

Routhier et al*

Gagnon et al**

Gollan et al*®

Fliess-Douer

etal®®

Fliess-Douer et a

Kilkens et al”

128

50 Participants (100% SCI)

Setting: outpatient

Classification: paraplegia/tetraplegia
AIS: A-D

Chronicity: chronic

66 Participants (100% SCI)

Setting: NR

Classification: paraplegia/tetraplegia (C5-L3)
AIS: NR

Chronicity: chronic

126 Participants (100% SCI) Setting: NR
Classification: paraplegia

AIS: Aor B

Chronicity: chronic

43 Participants (100% SCI)

Setting: NR

Classification: paraplegia/tetraplegia
AIS: NR

Chronicity: NC

17 Participants (35.3% SCI and 64.7% other)
Setting: NR

Classification: NR

AIS: NR

Chronicity: chronic

14 Participants (100% SCI)

Setting: inpatient

Classification: tetraplegia and paraplegia (C6- L1)
AIS: NR

Chronicity: subacute

20 Participants (100% SCI)

Setting: NR

Classification: NR

AIS: NR

Chronicity: subacute to chronic

47 Participants (100% SCI)

Setting: outpatient

Classification: paraplegia

AIS: NR

Chronicity: chronic

30 Participants (100% SCI)

Setting: outpatient

Classification: NR

AIS: NR

Chronicity: chronic

74 Participants (100% SCI)

Setting: NR

Classification: tetraplegia/paraplegia
AIS: NR

Chronicity: NR

GSE and FIM partial score (r=0.84)

Slalom x 20-m propulsion at maximum

speed (admission r=0.93) and
(discharge r=0.92)

QEWS x Concurrent Global Rating of
Wheelchair Skills (r=0.93)

(Spearman correlation) SEWM x GSES
=0.50; SEWM x ESES =0.60

TOWM x WT-S =0.84; P<.001

v

2 of 3 hypotheses confirmed

4 of 5 hypotheses were confirmed

Hypothesis confirmed (+)

Hypothesis confirmed

TOWM r=0.45

4 of 5 hypotheses confirmed

D

Discriminate between PP and TP
subgroups sum ability (PP,
12.91.2; TP, 9.82.8; P<.001) (-)

Discriminate all paraplegia
subgroups (Wilks 1=0.86) (+)

Discriminate between TP and PP
groups (P<.0001) (—)

Correlation between the QEWS
total score and the concurrent
global rating of wheelchair
skills (*=0.93) (+)

Correlations between scales

(SEWM-ESES: 0.60) and (SEWM-
GSES: 0.50) (P<.05) (—)

(continued on next page)
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Table 3 (Continued)

Validity
Hypothesis Testing Criterion
Convergent and Divergent Known Groups
Method Method Method
Instrument Reference Sample Quality Result (Rating) Quality Result (Rating) Quality Result (Rating)
WhOM Miller et al** 50 Participants (100% SCI) Setting: outpatient v K=0.71 (+)
Classification: tetraplegia/paraplegia
AIS: A, B, or C
Chronicity: chronic
Alimohammad 75 Participants (100% SCI) v Total Imp/Sat x SCIM-III (r=0.38) v Hypothesis confirmed (+)
etal” Setting: NR
Classification: NR
AIS: NR
Chronicity: subacute to chronic
WC-PFP Cress et al* 18 Participants (44% SCI and 66% other) D SIP scores x WC-PFP (r=—0.38)
Setting: NR
Classification: NR
AIS: NR
Chronicity: Chronic
WPT Askari et al*® 58 Participants (8.6% SCI and 91.4% other) Setting: v WPT x instrumented A Correlation between WPT and
inpatient (96%)/outpatient (4%) rear wheel Spearman correlation (0.92- instrumented wheel variables:
Classification: NR 0.99) r=0.92-0.99 (+)
AIS: NR
Chronicity: acute and subacute
WST Kirby et al*’ 24 Participants (12.5% SCI and 87.5% other) v Spearman WST x occupational
Setting: inpatient/outpatient therapist’s global ratings=0.40; WST
Classification: tetraplegia/paraplegia 2 x occupational therapist global
AIS: NR rating=0.54
Chronicity: subacute to chronic
Kirby et al*® 169 Participants (11% SCI and 89% other) v Spearman correlation (WST x GAWUT x v Spearman rank correlations
Setting: inpatient/outpatient admission FIM x discharge FIM) between WST score and the
Classification: tetraplegia/paraplegia =0.39, 0.38, 0.31 global assessments of the
AIS: NR wheelchair users’ therapists
Chronicity: subacute to chronic (0.394); admission FIM (0.38);
discharge FIM (0.31)
Kirby et al“® 117 Participants (100% SCI) Setting: outpatient v Capacity scores correlated positively
Classification: paraplegia/tetraplegia with Confidence, Basic Mobility,
AIS: NR Independence, Ability to Participate,
Chronicity: chronic and Satisfaction) Spearman
correlation range (0.617-0.217)
Performance scores correlated
appropriately with Confidence, Basic
Mobility, Independence, Pain, and
Satisfaction Spearman correlation
range (0.462-0.202)
WST-Q Mountain et al*® 20 Participants (20% SCI and 80% other) D Correlation between the objective
Setting: inpatient WST and the WST-Q (K) (=0.91)
Classification: NR (+)

AIS: NR
Chronicity: subacute to chronic

NOTE. Overall rating: —, insufficient; +, sufficient; £, inconsistent; ?, indeterminate.

A, adequate; AMWC, Adapted Manual Wheelchair Circuit; AMWC+3, Adapted Manual Wheelchair Circuit+3; ATMW, Assessment Tool for Mobility in Wheelchairs; D, doubtful; ESES, Exercise Self-Efficacy Scale; FT,
Functional Tasks; GSE, global score of ease; GSES, Generalized Perceived Self-efficacy Scale; I, inadequate; Imp, importance; NC, not clear; 9-WC, 9-task wheelchair Circuit; NR, not reported; OCAWUP, Obstacle
Course Assessment Wheelchair User Performance; PP, paraplegia; PWFPA, Comprehensive Product-Centered Approach to Assessing Functional Performance; PWPT, Performance-Based Wheelchair Propulsion
Test; Sat, satisfaction; TMWST, Timed Manual Wheelchair Slalom Test; TP, tetraplegia; V, very good; WC, Wheelchair Circuit; WT-S, Short Wheelie Test.
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Table 4 Measurement properties of the included instruments: other properties

Instrument Reference

Sample

Measurement Error

Method Quality Result (Rating)

Interpretability Responsiveness

Result (Rating)

Method Quality Result (Rating)

PWPT Gagnon et al*

Middleton et al*’

5AML-FIM

FT May et al**

WT-S Fliess-Douer et al*’

TOWM Fliess-Douer et al*’

TMWST Gagnon et al*

wC Kilkens et al>*

WhOM Miller et al*?

Alimohammad et al*’

14 Participants (100% SCI)
Setting: inpatient

Classification: tetraplegia and paraplegia (C6-

L1)
AIS: NR
Chronicity: subacute
43 Participants (100% SCI)
Setting: NR
Classification: paraplegia/tetraplegia
AIS: NR
Chronicity: NC
20 Participants (100% SCI)
Setting: NR
Classification: NR
AIS: NR
Chronicity: NR
30 Participants (100% SCI)
Setting: outpatient
Classification: NR
AIS: NR
Chronicity: chronic
30 Participants (100% SCI)
Setting: outpatient
Classification: NR
AIS: NR
Chronicity: chronic
15 Participants (100% SCI)
Setting: NR
Classification: tetraplegia/paraplegia
AIS: A, B, or C
Chronicity: subacute to chronic
27 Participants (100% SCI)
Setting: NR
Classification: tetraplegia/paraplegia
AIS: A-D
Chronicity: chronic
50 Participants (100% SCI)
Setting: outpatient
Classification: tetraplegia/paraplegia
AIS: A, B, or C
Chronicity: chronic
75 Participants (100% SCI)
Setting: NR
Classification: NR
AIS: NR
Chronicity: subacute to chronic

v SEM: Ability (0.44)/Quality

score (1.15) (+)

v SEM (Ability 0.63)/(Quality
score 1.29) (+)

D 3.47% (+)

v SEM Sat (0.43-0.58)/
Sat x Imp (5.42-5.87) (+)

v Slalom SRM=1.24/20-m
propulsion max speed
SRM=0.99/6-min propulsion
test SRM=0.84

D Enhanced responsiveness for
persons with paraplegia and
poor for tetraplegia

MDC (1: 2.27s; 2: 2.52cm; 3:
22.65s; 4: 10.64cm)

SEM (1: 0.82s; 2: 0.91cm; 3:
8.17s; 4: 3.84s)

MDC: Ability (1.23)/Quality
(3.20)

MDC: Ability (1.74)/Quality
(3.59)

MDC (8.097%)

\ All 3 test scores had significantly
improved during rehabilitation.
SRM: 0.6-0.9

MDC Sat: (1.19-1.61)
Sat x Imp (15.02-16.27)

Ceiling effect mean Sat (22%)

NOTE. —, insufficient; +, sufficient; &, inconsistent; ?, indeterminate.
Abbreviations: A, adequate; AMWC, Adapted Manual Wheelchair Circuit; AMWC+3, Adapted Manual Wheelchair Circuit+3; ATMW, Assessment Tool for Mobility in Wheelchairs; D, doubtful; FT, Functional Tasks; I, inadequate; Imp, importance; MDC, minimal
detectable change; NC, not clear; 9-WC, 9-Task Wheelchair Circuit; NR, not reported; OCAWUP, Obstacle Course Assessment Wheelchair User Performance; PWFPA, Comprehensive Product-Centered Approach to Assessing Functional Performance; PWPT, Perfor-
mance-Based Wheelchair Propulsion Test; Sat, satisfaction; SEM, standard error of measurement; SRM, standardized response mean; TMWST, Timed Manual Wheelchair Slalom Test; V, very good; WC, Wheelchair Circuit; WT-S Short Wheelie Test.
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Table 5 of the confidence level of evidence and overall rating according to COSMIN taxonomy
Reliability Validity
Content Validity Construct Validity
Cross-cultural/

Internal Measurement Structural  Hypothesis Measurement  (riterion
Instrument  Consistency  Reliability Error Relevance Comprehensiveness ~ Comprehensibility ~ Validity Testing Invariance Validity Responsiveness
AMWC Low (+) Moderate (+£) Moderate (—)
AMWC+3 Moderate (?)
ATMW Low (+)
PWFPA Very low (—)
5AML-FIM Low (+) Moderate (+) Low (—) Very low (—)
FT Low (+)
0CAWUP Very low (+) Low (+)
PWPT Low (+) Low (+) Low (+)
QEWS Very low (+)  Low (+) High (+) Low (+)
SEWM Low (+) Low (+) Low (—)
WT-S Low (+) Low (+)
9-WC Low (+)
TOWM Low (+) Low (+) Very Low (?)  Very low (?) Very Low (?) Moderate (+)
TMWST Very low (?) Very low (+)
wc Moderate (?) Low (+)
WhOM Moderate (+)  Moderate (+)  Low (+) Low (?) Low (+) Moderate (+)
WC-PFP Very low (+)  Very low (+) Very low (=)
WPT Low (+) Very Low (?)  Very Low (?) Very Low (?) Moderate (+) Very Low (+)
WST High (+) Moderate (?)  Moderate (?) Moderate (?) Moderate (+) Low (£)
WST-Q Low (+) Low (+) Low (+) Low (+) Very Low (+)
WUFA Very low (+)  Low (+) Very low (?) Very low (?) Very low (?)

NOTE. —, insufficient; +, sufficient; &, inconsistent; ?, indeterminate. Quality of evidence (GRADE approach): high, moderate, low, very low.
Abbreviations: AMWC, Adapted Manual Wheelchair Circuit; AMWC+3, Adapted Manual Wheelchair Circuit+3; ATMW, Assessment Tool for Mobility in Wheelchairs; FT, Functional Tasks; PWFPA, Comprehensive Prod-
uct-Centered Approach to Assessing Functional Performance; 9-WC, 9-Task Wheelchair Circuit; 0CAWUP, Obstacle Course Assessment Wheelchair User Performance; PWPT, Performance-Based Wheelchair Propul-
sion Test; TMWST, Timed Manual Wheelchair Slalom Test; WC, Wheelchair Circuit; WT-S, Short Wheelie Test.
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Table 6 Recommendations for outcome measurement instrument use

Category A

At Least

Low-Quality
Evidence for

Sufficient

Content

Validity
Instrument (Any Level)

Sufficient
Internal

Consistency

Category C

High-Quality
Evidence for
an Insufficient
Measurement

Property Recommendation

AMWC = =
AMWC+3 = =
ATMW - -
PWFPA = =
5AML-FIM - v

FT - -
OCAWUP . -
PWPT - -
QEWS : :
SEWM . y

WT-S = =
9-WC = =
TOWM - -
TMWST = =
wC = =
WhOM v =
WC-PFP = =
WPT = =
WST - -
WST-Q v =
WUFA - -

U 0 0 W @

'
0 00 ™ W W

'
W0 00 0 0 0 0 0 W 0 W

ve]

Abbreviations: AMWC, Adapted Manual Wheelchair Circuit; AMWC+3, Adapted Manual Wheelchair Circuit+3; ATMW, Assessment Tool for Mobility in
Wheelchairs; FT, Functional Tasks; 9-WC, 9-task wheelchair circuit; 0OCAWUP, Obstacle Course Assessment Wheelchair User Performance; PWFPA, Compre-
hensive Product-Centered Approach to Assessing Functional Performance; PWPT, Performance-Based Wheelchair Propulsion Test; TMWST, Timed Manual

Wheelchair Slalom Test; WC, Wheelchair Circuit; WT-S, Short Wheelie Test.

consistency assessed but was rated as having very low—quality
evidence of indeterminate internal consistency and very low
—quality evidence of inconsistency for content validity.

Reliability was the measurement property most evaluated by
the studies, with 17 instruments (81%) presenting this measure-
ment analysis. The reliability of an outcome measurement instru-
ment is also considered important because it expresses the degree
to which the measure is free from measurement error.'*'® The
WhOM and WST were rated as having moderate- and high-quality
evidence of sufficient reliability, respectively. The other instru-
ments included in this review did not show an appropriate number
of published studies or data to reach moderate- or high-quality lev-
els of evidence of essential measurement properties. According to
COSMIN, these instruments were rated with the worst quality evi-
dence and are missing several measurement properties. Further-
more, 5 instruments were rated as insufficient regarding reliability
(Comprehensive Product-Centered Approach to Assessing Func-
tional Performance: very low—quality evidence), construct valid-
ity (WC-PFP: very low—quality evidence), and criterion validity
(Adapted Manual Wheelchair Circuit, SAML-FIM, SEWM: mod-
erate- and low-quality evidence), which lowered their recommen-
dation level.

www.archives-pmr.org

Of all the instruments included in the review, the WhOM and
WST-Q had the essential measurement properties analyzed and
obtained the highest ratings for sufficiency in several of the mea-
surement properties. These outcome measurement instruments
were rated as having low-quality evidence of sufficient content
validity and low- to moderate-quality evidence of sufficient reli-
ability and construct validity. Therefore, the WhOM and WST-Q
can also be recommended as level B in clinical and research set-
tings. However, these clinical instruments show the current best
potential, among the included instruments, for the recommenda-
tion considering the quality of evidence for sufficient content
validity. Despite this, further research is needed among these
instruments (WhOM, WST-Q), especially regarding internal con-
sistency, to improve their quality of evidence and to be considered
recommendation level A based on the COSMIN criteria.'*

The study sample and the setting characteristics where the
measurement property analyses were performed were broad
among the included studies (see tables 2-4). Specifically, the mea-
surement properties of the WhOM and WST-Q (which are the
“highly-rated” instruments in this review) were used in the outpa-
tient setting with individuals who sustained tetraplegia or paraple-
gia after complete or incomplete SCI (AIS A-C) and are in the
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subacute or chronic stage after injury. Additionally, the WST-Q™
measurement properties were also analyzed in individuals with
SCI classified as AIS D during inpatient rehabilitation.

The WhOM*! and WST—QSO are PROMs, designed to measure
manual wheelchair users’ perspective of their mobility status in
daily life, unlike other instruments that only measure wheelchair
users’ ability during a specific period of time in a controlled envi-
ronment, that is, a clinical setting prepared for the test.”* PROMs
are important instruments in clinical and research contexts. They
are a standardized method of quantifying patient perspective and
enable appropriate patient-centered care and treatment
efficacy.”*>>

However, it the WhOM assesses self-reported items such as
comfort while sitting in a wheelchair and satisfaction with the
level of performance of various activities.*' ~** Although impor-
tant, it may not be an optimal questionnaire for evaluating ability
to maneuver obstacles, for example. On the other hand, the WST-
Q was developed to assess the self-reported expected level of per-
formance and confidence individuals have to execute specific
wheelchair skills in their own setting and how often they do these
skills. ">

In general, the outcome measurement instruments found in this
systematic review presented assessment limitations, especially in
content validity, internal consistency, criterion validity, and mea-
surement error. Very few studies with measurement properties
rated as having very low— and low-quality evidence of these mea-
surement properties were found. It is necessary to assess the
responsiveness and interpretability of these outcome measurement
instruments moving forward. In addition, further validation studies
should be conducted with individuals with SCI who are manual
wheelchair users to strengthen the quality of evidence and avoid
downgrading in the GRADE evaluation.

Study strengths, limitations, and future directions

The reader should be aware that the results of this systematic
review are related to the outcome measurement instrument recom-
mendations for individuals with SCI who are manual wheelchair
users. Therefore, studies with other target populations may have
different results and recommendations. Additionally, only the
analysis of measurement properties found in full-text articles pub-
lished in indexed journals was considered in this systematic
review. Although no language restrictions were applied, only stud-
ies in English were found in the consulted databases.

This systematic review has several strengths, such as a priori
registered protocol, the use of a comprehensive and sensitive
search strategy, and searches conducted in 5 databases (MED-
LINE/PubMed, Cochrane Central Register of Controlled Trials,
Web of Science, Biblioteca Regional de Medicina, and Cumula-
tive Index to Nursing and Allied Health), the application of prede-
fined eligibility criteria, and the use of the COSMIN, GRADE,
and PRISMA guideline methodologies. Two independent
reviewers carried out every review process to ensure consistency.
Discrepancies were discussed and resolved by a senior researcher.

The results of this review are relevant in that they can assist
clinicians and researchers in selecting the most appropriate out-
come measurement instruments for assessing manual wheelchair
mobility in individuals with SCI. Consequently, this will improve
the ability of clinicians and researchers to appropriately measure
the effectiveness and/or efficacy of rehabilitation interventions
aiming at improving manual wheelchair mobility of individuals
with SCI. Moreover, the review is innovative in that it was carried

out using a solid methodology for conducting systematic reviews
of instrument outcome measures. This review also identified the
knowledge gaps that need further exploration in this population,
especially regarding content validity and structural validity analy-
sis. Further studies into the measurement properties of instruments
to assess manual wheelchair mobility and their application in this
population may strengthen or change existing recommendations.

Conclusions

There is a wide variety of instruments to assess mobility among
manual wheelchair users living with SCI. Despite this variety,
there are significant study methodological issues, and many instru-
ments present poor-quality measurement properties that limit their
recommendation for use in this population. The WhOM and the
WST-Q are the current highly rated instruments. These 2 instru-
ments are PROMs and have the current best potential to be recom-
mended for clinical and research use to assess mobility among
manual wheelchair users living with SCI.
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