N

N

Walking test outcomes in adults with genetic
neuromuscular diseases: A systematic literature review
of their measurement properties
Nawale Hadouiri, Isabelle Fournel, Christel Thauvin-Robinet, Agnes

Jacquin-Piques, Paul Ornetti, Mathieu Gueugnon

» To cite this version:

Nawale Hadouiri, Isabelle Fournel, Christel Thauvin-Robinet, Agneés Jacquin-Piques, Paul Ornetti,
et al.. Walking test outcomes in adults with genetic neuromuscular diseases: A systematic literature
review of their measurement properties. European Journal of Physical and Rehabilitation Medicine,
2024, 60, pp.1-13. 10.23736/S1973-9087.24.08095-X . hal-04475407

HAL Id: hal-04475407
https://hal.inrae.fr /hal-04475407

Submitted on 1 Mar 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.inrae.fr/hal-04475407
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

© 2024 THE AUTHORS European Journal of Physical and Rehabilitation Medicine 2024 Feb 01
Open access at https://www.minervamedica.it DOI: 10.23736/S1973-9087.24.08095-X

SYSTEMATIC REVIEW

Walking test outcomes 1n adults with genetic
neuromuscular diseases: a systematic literature
review of their measurement properties

Nawale HADOUIRI 1.2.3 * [sabelle FOURNEL 4.5, Christel THAUVIN-ROBINET 2.6.7,
Agnes JACQUIN-PIQUES 8, Paul ORNETTI 9 19, Mathieu GUEUGNON 3, 10

'Department of Physical Medicine and Rehabilitation, Dijon-Bourgogne University Hospital, Dijon, France; 2UMR-Inserm 1231,
Génétique des Anomalies du Développement (GAD), Bourgogne Franche-Comté University, Dijon, France; 3INSERI\/I CIC 1432

Clinical Investigation Center, Plurithematic Module, Technological Investigation Platform, Dijon-Bourgogne University Hospital,
Dijon, France; 4Clinical Investigation Center, CHU Dijon, Dijon, France; SINSERM, CIC 1432, Module Epidémiologie Clinique, Dijon,
France; ¢Fédération Hospitalo-Universitaire Médecine Translationnelle et Anomalies du Développement (TRANSLAD), CHU Dijon
Bourgogne, Dijon, France; "Centre de Référence Maladies Rares “Maladies neurogénétiques”, CHU Dijon Bourgogne, Dijon, France;
8Centre de Compétences Maladies Rares “Maladies neuromusculaires”, Department of Neurology, Dijon University Hospital, Dijon,
France; 9Department of Rheumatology, Dijon-Bourgogne University Hospital, Dijon, France; I9INSERM, UMR1093-CAPS, Bourgogne
Franche-Comté University, Dijon, France

*Corresponding author: Nawale Hadouiri, Department of Physical Medicine and Rehabilitation, Dijon-Bourgogne University Hospital, Boulevard du
Maréchal de Lattre de Tassigny 2, 21000 Dijon, France. E-mail: nawale.hadouiri@chu-dijon.fr

This is an open access article distributed under the terms of the Creative Commons CC BY-NC-ND license which allows users to copy and
distribute the manuscript, as long as this is not done for commercial purposes and further does not permit distribution of the manuscript if
it is changed or edited in any way, and as long as the user gives appropriate credits to the original author(s) and the source (with a link to
the formal publication through the relevant DOI) and provides a link to the license. Full details on the CC BY-NC-ND 4.0 are available at
https://creativecommons.org/licenses/by-nc-nd/4.0/.

ABSTRACT

INTRODUCTION: Neuromuscular diseases (NMDs) include a large group of heterogeneous diseases. NMDs frequently involve gait disorders,
which affect quality of life. Several walking tests and tools have been described in the literature, but there is no consensus regarding the use of
walking tests and tools in NMDs or of their measurement properties for walking outcomes. The aim of this review is to present an overview of
walking tests, including their measurement properties when used in adults with inherited or genetic NMDs. The aim is to help clinicians and
researchers choose the most appropriate test for their objective.

EVIDENCE ACQUISITION: A systematic review was conducted after consulting MEDLINE (via PubMed), EMBASE, Science direct, Google
Scholar and Cochrane Central Register of Controlled Trials databases for published studies in which walking outcome measurement properties
were assessed. The validity, reliability, measurement error and responsiveness properties were evaluated in terms of statistical methods and meth-
odological design qualities using the COnsensus-based Standards for the selection of health Measurement Instruments (COSMIN) guidelines.
EVIDENCE SYNTHESIS: We included 46 studies in NMDs. These studies included 15 different walking tests and a wide variety of walking
outcomes, assessed with six types of walking tools. Overall, the 6MWT was the most studied test in terms of measurement properties. The
methodological design and statistical methods of most studies evaluating construct validity, reliability and measurement error were “very good.”
The majority of outcome measurements were valid and reliable. However, studies on responsiveness as minimal important difference or minimal
important change were lacking or were found to have inadequate methodological and statistical methods according to the COSMIN guidelines.
CONCLUSIONS: Most walking outcomes were found to be valid and reliable in NMDs. However, in view of the growing number of clinical
trials, further studies are needed to clarify additional measurement properties.

(Cite this article as: Hadouiri N, Fournel I, Thauvin-Robinet C, Jacquin-Piques A, Ornetti P, Gueugnon M. Walking test outcomes in adults with
genetic neuromuscular diseases: a systematic literature review of their measurement properties. Eur J Phys Rehabil Med 202 Feb 01. DOIL:
10.23736/S1973-9087.24.08095-X)

KEy worps: Neuromuscular diseases; Walking; Charcot-Marie-Tooth disease.
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Introduction

Neuromuscular diseases (NMDs) constitute a large
group of rare diseases! that are mainly of genetic ori-
gin and whose prevalence is often below 1 case per 2000
people.! To date, more than 600 genes are known to be
implicated.2 The most frequently encountered NMDs in
adulthood are the Charcot-Marie-Tooth (CMT) disease
(prevalence ranging from 9.7 to 82.3 per 100,000 persons
in the Caucasian population),? myotonic dystrophy type 1
(DM1) and type 2 (DM2) (prevalence ranging from 5 to
20 per 100,000 persons)* and facioscapulohumeral mus-
cular dystrophy (FSHD) (prevalence ranging from 4 to 10
per 100,000 persons).> All of these NMDs have a common
deficiency according to the International Classification of
Functioning (ICF),® which is muscle weakness in the up-
per and/or lower limbs consecutive to the defect of the mo-
tor unit.” The affected muscle topography depends on the
type of NMD (for example, CMT patients experience dis-
tal upper limb and proximal and distal lower limb muscle
weakness and atrophy).8 Gait disorders, which are one of
the main disabilities that result from lower limb muscle
weakness, have a considerable impact on quality of life.?
This makes gait a relevant endpoint for the functional
evaluation of NMD patients. Few interventional trials
have assessed walking improvement in inherited NMDs
compared to other neurological diseases. However, for the
last few years, there has been a lot of hope around gene
therapy following advances in the diagnosis of NMDs,
which increasingly opens the field of prospects to more
ambitious clinical trials.10

It is important for clinicians and researchers to use
valid, reliable, feasible, and responsive walking tests to
assess walking disability, changes over time, and the ef-
fectiveness of interventions. In the clinical trials that have
been published so far, various walking tests and tools have
been used to assess walking disabilities in individuals with
NMDs. Many walking tests are classified as short tests.
For example, the 10-m test is a simple test used to mea-
sure locomotor capacity in clinical and research settings
and in which the time taken to complete the test or the
mean velocity is assessed. On the other hand, there are also
prolonged tests. For instance, in the 2-Minute Walk Test
(2WMT) and the 6-Minute Walk Test (6MWT), individu-
als are instructed to walk as far as possible in 2 and 6 min-
utes, respectively. These prolonged tests, which are sub-
maximal exercise tests, are used to assess aerobic capacity
and endurance, with more ecological properties (i.e., to
have a better picture of everyday life) than short tests. In-
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deed, because most activities of daily living are performed
at submaximal levels of exertion, prolonged tests like the
6MWT may better reflect the functional exercise level and
motor performance for daily physical activities.!! How-
ever, these walking tests and tools only evaluate walking
capacities in the strict sense (i.e., what people can do in a
standardized and controlled environment). There has been
a recent interest in developing home-based monitoring
devices that could be used in future therapeutic trials in
NMDs to assess their walking capability (i.e., what people
can do in their daily environment) and motor performance
(i.e., what a person actually does do in his/her daily envi-
ronment).12

In interventional trials in adults, the 6MWT seems to
be the most frequently used walking test in NMDs such as
CMT,!13. 14 DM115. 16 and DM2,!7 late-onset Pompe disease
(LOPD),!8.19 FSHD20-22 and other muscular dystrophies.23
In these studies, the 6SMWT distance was the only record-
ed walking assessment variable for analyzing changes in
walking capacity after a medical or physical intervention.
The acquisition of walking speed was also observed in
individuals with NMDs with the 10-m walking test per-
formed at a comfortable and/or fast speed!4: 18.24-28 or with
the 2MWT.2% A simple stopwatch was used to assess walk-
ing speed.!4: 15, 18,27, 28,30 However, complex tools such as
a 3D motion analysis system can more thoroughly evalu-
ate the progression of walking capacities, i.e., in CMT3!1-33
or in hereditary spastic paraplegia (HSP),26.34.35 through
kinetic, kinematic and electromyographic (EMG) data ac-
quisition.3!1-35

While many walking tests and assessments tools are
currently available, only some of them have been as-
sessed for their measurement properties. To the best of our
knowledge, no review on this subject has been published
so far. However, a complete overview of walking outcome
measurement properties in NMDs would be useful for cli-
nicians and researchers when choosing the most appropri-
ate walking test for their specific objective (e.g., to screen
pertinent walking outcomes for future clinical trials, or
as robust easy-to-use clinical measures). The aim of the
present review was to provide an overview of walking test
outcomes in adults with genetic NMDs and to provide in-
formation concerning the measurement properties of the
walking tests in terms of validity, reliability, measurement
error and responsiveness.

Our hypotheses were that: 1) the measurement proper-
ties of the studied walking tests might depend on the sub-
type of NMD; and 2) the 6MWT, which measures the total
distance walked during the test, would be the most studied
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test in terms of measurement properties considering that it
is frequently used in clinical trials for patients with NMDs.

Evidence acquisition

This systematic review was conducted according to
PRISMA guidelines (i.e., Preferred reporting items for a
systematic review and meta-analysis of diagnostic test ac-
curacy studies: the PRISMA-DTA Statement).3¢ The pro-
tocol was submitted a priori to the PROSPERO registry
(registration number CRD422022366521) on October 11,
2022. Each step was carried out independently by two in-
vestigators (N.H., M.G.) and then compared. In case of a
disagreement, a third investigator settled the case (P.O.).

Search strategy

The MEDLINE (via PubMed), EMBASE, Science direct,
Google Scholar and Cochrane Central Register of Con-
trolled Trials databases were queried until November 30th,
2022 with MeSH terms and other free words divided into
three components:

* studieddiseases(as(“NeuromuscularDiseases”[Mesh])
OR (“Muscular Dystrophy, Duchenne”[Mesh]) OR (“Char-
cot-Marie-Tooth Disease”[Mesh]) etc.),

* the studied outcome (“gait”’[MeSH] and synonyms
such as “walking”’[MeSH]),

* a search for measurement properties (with terms such
as “Validation Study” [Publication Type] OR “Reproduc-
ibility of Results”[Mesh] etc.). The complete search for-
mulation is available in Supplementary Digital Material 1
(Supplementary Text File 1).

The search was limited to studies published in French
or English to prevent translation errors. The bibliographies
of the included studies were also checked for additional
eligible studies. There were no restrictions for the publica-
tion date.

Selection of studies

We excluded non-original articles or articles not published
in peer-reviewed journals, such as theses, protocol studies,
conference proceedings, letters to the editor, case reports,
editorials and systematic reviews with or without meta-
analysis. Only studies with full text available were includ-
ed. Simulation studies were excluded.

We included studies that evaluated walking capacities
with measurement of their properties and quality of out-
come measures (with a focus on validity, reliability, re-
sponsiveness, measurement error studies because these
are the main metrological properties studied) in adults
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with genetic NMDs. Studies with subjective evaluation
of walking capacities (i.e., only with the use of question-
naires/self-reporting, clinical walking descriptions etc.)
were excluded. All study designs were included (i.e., in-
terventional studies, cohort with persons with one type of
NMD, persons with NMD versus healthy persons, several
subtypes of NMDs, etc.).

Only studies in adults with inherited NMDs were in-
cluded. We excluded studies concerning non-inherited
NMDs such as poliomyelitis or inclusion body myositis.
Studies conducted only in children or in animal models
were also excluded.

After removing duplicates, the title and then abstracts
of the articles identified in the database search were ana-
lyzed for eligibility based on the previously cited inclusion
criteria.

Data extraction and quality assessment

Data including study design, sample size, characteristics
of participants (type of NMDs, age of participants, pres-
ence of a healthy group), the type of walking test and tools,
the walking variables assessed, the presence of a physical
examination of participants (specifying the type of low-
er limb physical examination and/or the functional scale
used) were extracted by one reviewer (N.H.).

Concerning the data for the main outcome(s) (measure-
ment properties of walking tests), data were extracted in
accordance with the methodological guidelines of the
COnsensus-based Standards for the selection of health sta-
tus Measurement INstruments (COSMIN) checklist.3” The
COSMIN checklist consists of ten sub-checklists for dif-
ferent measurement properties (patient-reported outcome
measures (PROM) development, internal consistency,
reliability, measurement error, content validity, structural
validity, hypothesis testing for construct validity, cross-
cultural validity, criterion validity and responsiveness).
In the present COSMIN review, we studied four types of
measurement properties for walking outcomes:

+ validity of outcomes such as construct validity (i.e.,
if the studied test or measure accurately assesses what it
is supposed to), face validity (i.e., if the content of the test
appears to be suitable to its aims), and criterion validity
(i.e., if a gold standard is presented; how a test measures
the outcome it was designed to measure);

« reliability (i.e., the fact that an instrument gives the
same measure each time it is used), including test-retest
reliability, intra-rater reliability, inter-rater reliability;

* measurement error;

* responsiveness of walking outcome measures.
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If presented in the selected articles, feasibility data
were described rather than evaluated, as these are not for-
mal measurement properties according to the step 8 of
the COSMIN guidelines (i.e., “they do not provide to us
something about the quality of an instrument, but they are
important aspects that have to be considered in the selec-
tion of the most suitable instrument for a specific aim”).38

The COSMIN checklist was specifically designed to
determine methodological quality scores and to assess
the risk of bias for the result of each study through the
evaluation of design aspects and statistical methods.38
It was adapted for use on “walking tests and tools” by
substituting “health-related patient-reported outcomes”
(PROM) by “measurement instruments”; this was done
in previous COSMIN reviews concerning the assessment
of measurement properties of walking outcomes in other
diseases.39-4! Here, only walking outcome measurement
properties were extracted. If there were numerous walk-
ing outcomes in a given study, notably for spatiotemporal
parameters, we have chosen to only extract variables such
as velocity (with or without cadence, stride length), stabil-
ity parameters in the general walking pattern (e.g., double
support time, stride width or support base) corresponding
to the main gait parameters, but not all spatiotemporal pa-
rameters as swing phase. If available in analysis motion
studies, we extracted a synthesis of kinematics and kinet-
ics data. Concerning construct validity, we extracted cor-
relations data between walking variables and quantitative
physical examination variables (e.g., clinical reference
scale, measurement of lower limb muscle strength with
isokinetic devices or clinical scale), or/and another walk-
ing tests, but not with clinical data such as age or disease
duration, or other variables such as quality of life. Firstly,
scores (i.e., very good, adequate, doubtful, inadequate)
were assigned to evaluate the methodological quality of
each measurement property using the “worst score counts
method.”#2 Then, the result of each study for a measure-
ment property was rated against the updated criteria for
good measurement properties, based on the adapted qual-
ity tool from Prinsen et al.38 and Terwee et al.43 Each result
for each measurement property is rated as either positive
(+), indeterminate (?), or negative (-), as defined in Sup-
plementary Digital Material 2 (Supplementary Table I). To
qualitatively rate the results as sufficient (or insufficient),
in principle, 75% of the results should meet the criteria.38
As recommended by Prinsen et a/.38 and Terwee et al.,*3
the reviewers made hypotheses to evaluate construct va-
lidity and responsiveness based on De Vet et al..4* Cor-
relations with (changes in) instruments measuring similar
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constructs should be >0.50, and for responsiveness, the
area under the curve (AUC) should be >0.70. Under coef-
ficient of correlation of 0.50 and AUC <0.70, the results
were qualitatively summarized as insufficient. However,
if it was impossible to formulate a pertinent hypothesis for
a specific analysis, the results were qualitatively summa-
rized as indeterminate. Two independent reviewers (N.H.
and M.G.) extracted the outcome data and assessed the
methodological quality. If disagreement persisted after
discussion, a third reviewer (PO) was consulted.

Evidence synthesis
Study characteristics

Figure 1 shows the methodology of the selected studies.
Overall, 46 studies were included for data analysis after
the systematic review, including articles identified in the
references of the included articles. The main characteris-
tics of the included studies are summarized in Supplemen-
tary Digital Material 3 (Supplementary Table II),24. 45-89
including the various study designs. Concerning the as-
sessed NMDs, eight articles focused on CMT,46-53 11 on
DM1,54-64 one on DM1 and DM2,%5 one on DM2,% five on
FSHD,24.67-70 one on FSHD and limb girdle muscle dystro-
phy (LGMD) type 2,7! one on HSP,72 two on LOPD,73. 74
one on several muscular dystrophies (DMD, BMD, LGMD
and FSHD),”s three on people with several types of inher-
ited NMD,45.76. 77 one on primary mitochondrial myopa-
thy,” one on spinal bulbar muscular atrophy (SBMA),”
and 10 on 5q spinal muscular atrophy (5q SMA) types 3 or
4.80-89 Sample sizes varied from four to 479 participants,
and 32 studies did not include a healthy control group.
The 46 included studies used 15 different walking tests.
The 6-Minute Walking Test (6 MWT) was used in 25 stud-
jeg 45, 49, 52-54, 56-58, 61, 63, 64, 66, 68, 73, 74, 76-80, 83-85, 87-89 The in-
cluded studies reported most walking tests categorized
according to the ICF as “walking a short distance” con-
ditions:® 1) to measure walking velocity, such as the 10
Meter Walk Test (10MWT)24. 46.49, 51,53, 57-60, 63, 64,74, 75,89 or
10 Meter Run Test,56- 57, 63,83, 86 and the 30 Foot Go Test;68
2) to evaluate walking around obstacles or dynamic bal-
ance stance, such as the Timed Up and Go Test (TUG),5¢:
58-62, 64, 68-70, 74, 78, 83, 86 Step Test,’8 Flight of Eight (Fo8),5
or Stance Tandem (ST);%0. 77 3) to assess walking distance
with walking tests or protocols using more time to mea-
sure walking distance, such as the 2-Minute Walk Test
(2MWT),45.77 GMW T, 45. 49, 52-54, 56-58, 61, 63, 64, 66, 68, 73,74, 76-80,
83-85,87-89 or Endurance Shuttle Walking test (ESWT);81. 82
and 4) to measure walking without a particular distance or
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(N.=1403 records)

Electronic Database searches: Medline, Cochrane, Embase and Google Scholar

\d

Identification

Records after duplicates removed
(N.=824 records)

'

Titles and abstracts readed
(N.=824 records)

Screening

Excluded (N.=611)

Mean age <18 years, studies concerning no genetic NMD
(i.e., polyomyelitis, IBM etc.), studies in animals,
studies no written in English or French, case studies,
systematic reviews, protocol studies

Y

Full-text articles assessed for eligibility
after abstracts readed
(N.=213)

Y

Full-text articles excluded (N.=174)

Mean age <18 years, studies with no measurement
properties, no written in English or French, conference
proceedings, systematic reviews, studies with only
qualitative description of gait disorders, construct validity

Y

Full-text included
through reading
references list
(N.=7)

Eligibility

Y

Y

Studies assessing gait in adults with
genetic NMD (with specific walking tests
and/or walking assessment tools)
without any intervention

Included

without physical testing measures or functional scale

Studies included in qualitative synthesis (N.=46)
- Spinal muscular atrophies (N.=11)
- Peripheral nerve diseases (N.=9)
-LOPD (N.=2)
- Myotonic dystrophies (N.=13)
- Several NMD subgroups (N.=3)
- Muscular dystrophies and LGMD (N.=7)
- Primary mitochondrial myopathy (N.=1)

Y

(N.=46)

Figure 1.—Flowchart of the present systematic review.

time to accomplish,*7-48 such as walking assessments with
motion analysis system#7.51.55.67.72 or with a portable pres-
sure sensitive walkway.48. 65, 83, 88,89 Only one study could
be categorized as “walking a long distance” assessment
conditions according to the ICF,® which included real-life
assessment conditions using wearable magneto-inertial
sensors.”! Several types of walking assessment tools are
listed, including easy-to-use tools such as a stopwatch,*5:
46,52, 54, 56-60, 62, 64, 66, 73-82, 84-87 and other more technical tools
such as a GaitRite walkway,8. 65. 83, 87 activity monitoring
watches,*- 53 a motion analysis system,47. 50, 51, 55, 67,72 g
baropodometric platform,24 or wearable magneto-inertial
sensors.69: 71, 89

Measurement properties

For clarity and readability, the methodological design, sta-
tistical methods and statistical outcomes for the variables
of interest in the 46 included studies have been present-
ed separately for CMT (Supplementary Digital Material
4: Supplementary Table III, 1V, V),46-53 DM1 and DM2
(Supplementary Digital Material 5: Supplementary Table
VI, VII, VIII, 1X),54-¢6 and grouped together for the other
NMDs (Supplementary Digital Material 6: Supplemen-

Vol. 60 - No. ??

tary Table X, XI, XII, XIII).24 45. 67-89 The two reviewers
had moderate agreement (absolute agreement = 0.69 and
K = 0.59, 95% CI 0.49-0.68) according the assessment of
methodological quality using the COSMIN checklist. Af-
ter discussion, the third reviewer was not consulted for any
study. Construct validity and reliability (and especially
test-retest reliability) were the most evaluated measure-
ment properties in the included studies. Specifically, reli-
ability was evaluated in 19 studies, measurement error in
eight studies, responsiveness in 16 studies, construct va-
lidity in 35 studies, criterion validity in three studies, con-
tent validity in seven studies, convergent validity in one
study and discriminative validity in one study.

CMT

In CMT (Supplementary Digital Material 4), the method-
ological quality of the studies examining construct validity
were “very good” for all walking tests, and, according to
our hypotheses, the hypotheses testing for construct valid-
ity were mostly “sufficient,” except especially correlations
between CMT neuropathy score (CMTNS) and 6MWD,
I0OMWT time and several outputs during the five-day
monitoring as an activity index with p<0.5 (Supplementa-
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ry Digital Material 4). Construct validity was particularly
good for velocity assessed during the I0MWT, which was
inversely strongly correlated with CMTNS (correlation
coefficient p=-0.783).

The methodological quality of the three studies examin-
ing reliability were “adequate” (i.e., for example when the
model or formula of the ICC was not described) to “very
good” for the I0MWT,4 6MWT4 and kinetic variables#’
with “positive” quality criteria ratings for all these stud-
ies with excellent intraclass correlation coefficients (ICCs)
(>0.9).

Only one study analyzed measurement error for walking
assessment (concerning kinetic variables with a standard
error measurement (SEM) of velocity and double support
time of respectively 3.67 s and 1.11% of gait cycle, and
SEM of Mean ankle angle Toe Walking - mean ankle angle
High Walking of 2.7°) with “very good” methodological
quality, but the quality criteria for hypothesis testing was
“indeterminate.”4’

Two studies evaluated the responsiveness of the 6GMWT,
the T0OMWT, several outputs from a StepWatch Activ-
ity Monitor,3 and velocity acquired with motion analysis
system.50 Only one study had “very good” methodologi-
cal quality with the calculation of the SRM of velocity
(assessed with motion analysis system) of -0.55% body
height/s and an “positive” quality criteria rating5° accord-
ing to COSMIN guidelines.

DM and DM2

In DM1 (Supplementary Digital Material 5), the meth-
odological quality of the studies examining content and
construct validity of the 6MWT was “very good” for all
walking tests, and according to our hypotheses, the hy-
potheses testing for construct validity were mostly “suf-
ficient.” The best construct validity was observed for the
6-Minute Walking Distance (6MWD) and the IOMWT in
running conditions (10mW/RT), which were moderately
correlated with the Scale for the Assessment and Rating of
Ataxia (SARA) rating (respectively p=0.65 and p=0.55).
The 10MWT in comfortable conditions was strongly in-
versely correlated with total lower limb muscle strength
(p=-0.705), the TUG was moderately inversely correlated
with the MMT of the trunk muscle group (p=-0.58), and
ST and velocity were strongly inversely correlated with
total lower limb muscle strength (p=-0.705).

The methodological quality of the five studies ex-
amining test-retest reliability was “very good” for the
10MWT,® 6MWT,5* TUG, ST3° and Fo8.5 The studies
which assessed intra-rater reliability of the 10MWT,56-58
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6MWT,5¢ TUG,¢ 58 ST58 had “adequate” to “very good”
methodological quality. All these reliability studies had
a “positive” quality criteria rating and excellent ICCs
(>0.9), except for the intra-rater reliability used during the
IOMWT (ICC=0.86 [95% CI 0.74-0.93]) and the intra-
rater reliability (1 to 2 weeks) of the TUG time (ICC=0.68
[0.54-0.79]).

Three studies analyzed measurement error of the
6MWT,54 the 1I0MWT,3° the TUG,58 59 the Fo8 and ST%°
with “very good” methodological quality (with the calcu-
lation of SEM with or without measurement error (ME)).
However, the quality criteria for hypotheses testing was
“indeterminate.”

Three studies evaluated the responsiveness of veloc-
ity during the IOMWT and 10MW/RT,57. 59. 60 6MWT,63
TUG,%2. ¢4 and ST¢* with methodological quality according
to COSMIN guidelines “inadequate” except for 2 studies
that assessed the area under curve (AUC),92.64 and only 1
study had a “positive” quality criteria rating in the TUG
with a criterion approach walking AUC>0.7 according to
the COSMIN guidelines (AUC=0.8 [95% CI 0.7-0.9]).62
According to COSMIN guidelines, the responsiveness
of the 1I0MWT in comfortable velocity, the TUG and ST
were considered “very good” in terms of methodological
quality (Supplementary Digital Material 6).

Two studies mentioned some feasibility data for all par-
ticipants using the 6MWT, 10MWT, and 10MW/RT.54 57
All participants managed to complete at least one 6MWT
as a whole or one trial of each walking test cited. However,
this was not the case if the instruction was to perform two
different 6MWT or to repeat several walking tests, with
the main reported limitation being the generation of fa-
tigue.51. 54

In DM2 (Supplementary Digital Material 5), there was
only one specific study (concerning 6MWT measurement
properties) with “very good” methodological quality ac-
cording to the COSMIN guidelines concerning construct
validity (weak correlation [p] between 6MWD and the
sum of lower limb MMT p=0.492), and, according to our
hypotheses, the hypotheses testing for construct validity
were mostly “sufficient.” In this study, the methodological
quality of the responsiveness evaluation of the 6 MWD was
also “inadequate” according to the COSMIN guidelines.6¢

Other NMDs

Concerning the other NMDs (Supplementary Digital Ma-
terial 6): in FSHD, the methodological quality of the stud-
ies examining construct validity were “adequate” to “very
good”, and according to our hypotheses, the hypotheses
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testing for construct validity were mostly “sufficient.” The
best construct validity was observed for the 95t centile
length assessed in real life by a wearable device which
was strongly correlated with lower limb MMT (p=0.915,
P<0.05).

The methodological quality of the two studies examin-
ing test-retest reliability were “adequate” to “very good”
for the 6GMWT®8 and instrumented TUG (velocity and dou-
ble support)®® with ICCs >0.9. We observed “very good”
methodological quality for the study of responsiveness for
the 6MWT, with the calculation of the minimal detectable
change (MDC) with 95% confidence (MDC95=34.3 m).®8
The methodological quality of the responsiveness of spa-
tiotemporal variables in real life according to the COS-
MIN guidelines was considered “adequate”’! (Supplemen-
tary Digital Material 6).

In HSP, only one study, notably with a velocity assess-
ment, was found to have “very good” methodological
quality for the construct validity assessment, but a weak
correlation (p=0.38) between walking velocity and Spastic
Paraplegia Rating Scale, so the hypothesis testing for the
construct validity was “indeterminate”’2.

In LOPD, two studies with only people with LOPD
were found to have “inadequate” methodological quality
for the responsiveness assessment of the 6SMWT, 1I0MWT
and TUG,3. 74 and the quality criteria rating was “indeter-
minate.”

In SBMA, only one study using the 6MWT was found
to have “very good” methodological quality for the test-
retest reliability assessment (with 1CC=0.982), with a
“positive” quality criteria rating, and a “very good” meth-
odological quality for the construct validity assessment.
The best construct validity was observed for the 6MWD,
which was moderately correlated with Limb Norris Score
(p=0.632; P<0.001), but hypothesis testing for construct
validity was “indeterminate.”7”9

In 5q SMA, the methodological quality of the study
examining the criteria validity of several spatiotemporal
parameters assessed by Solesound instrumented footwear
(the gold standard was the assessment of these same spa-
tiotemporal parameters by a GAITRite system) were “very
good” with all correlation coefficients p > 0.9, and the cri-
terion quality ratings were considered “positive” according
to the COSMIN guidelines.8® The methodological qual-
ity of the studies examining construct validity was “very
good.” The best construct validity was observed for the
6MWD, which was strongly correlated with the total leg
strength measured with a manual muscle test (p=0.733).
However, the hypothesis testing for construct validity was
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“indeterminate.” The methodological quality of the stud-
ies examining convergent, discriminative and face validity
were “very good,” but the hypothesis testing for construct
validity was “indeterminate” (Supplementary Digital Ma-
terial 6). The methodological quality of the study examin-
ing the criterion validity (e.g., VO,pe,, Which was the gold
standard and measured during 6MWT, TUG and 10-meter
walk/run) were “very good” with the calculation of a cor-
relation coefficient, but the quality of the criteria was con-
sidered “negative” according to the COSMIN guidelines
(p=0.558, 1CC<0.70).83

The methodological quality of the 4 studies examining
test-retest reliability were “very good” for the 6MWT,33. 85
TUGS36 and ESWT,8! with excellent ICCs from 0.85 to
0.992 and a “positive”s!. 83.85.86 quality criteria rating. Two
studies analyzed the responsiveness of the 6MWT with
“very good” methodological quality (including calculation
of MDC90 and minimal clinically important difference
(MCID) with or without SEM), but the quality criteria rat-
ings for hypothesis testing were “indeterminate”s0.83. Con-
cerning the ESWT, some feasibility data were available,
such as the drop-out rate of the ESWT (73.3% in SMA pa-
tients versus 0% in healthy controls) or the measurement
completion of 100% for the ESWT.81. 82

In primary mitochondrial myopathy, one psychometric
study had “very good” methodological quality for the re-
sponsiveness assessment (MCID of the 6SMWD = 33.3 m),
but the quality criteria rating was “indeterminate”7s.

Concerning studies with several subtypes of NMDs, the
methodological quality of the construct validity assess-
ment was found to be “very good” in different studies in
several NMDs with calculation of correlation coefficients.
There was a strong correlation between real-life velocity
and lower limb MMT (p=0.842)7! or a weak correlation
between velocity in the I0OMWT and knee extension iso-
metric maximal voluntary contraction (p=0.484 with a
“indeterminate” quality criteria rating), and even a very
strong correlation between the velocity in the 2MWT
and the 6BMWT (p=0.99, P=0.001).75 The hypothesis test-
ing for the construct validity was “positive” for the con-
struct validity of the 2MWT compared to the 6MWT with
“very good” methodological quality.4> One study analyzed
the test-retest reliability properties of the 2MWT and
6MWT.77 It had “very good” methodological quality with
the calculation of ICCs, and a “positive” criterion quality
rating (ICCs of 0.99 in both the 2MWT and 6MWT and
ICCs>0.90 in all NMD subgroups).”” This study also ana-
lyzed measurement error for the 2MWT and 6MWT with
“very good” methodological quality (calculation of SEM,
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MDD95 or definition of Limits of Agreement), and the
quality criteria for hypotheses testing was “sufficient”7?7.
One study analyzed the responsiveness properties of the
spatiotemporal parameters acquired in FSHD and LGMD2
in real life with “adequate” methodological quality accord-
ing to the COSMIN guidelines.”!

Discussion

In this systematic review of 46 studies, we present an
overview of the properties for the measurement of walk-
ing tests and tools used in adults diagnosed with genetic
NMDs, evaluated according to the COSMIN checklist.

There was a particular focus on three subtypes of NMD,
namely myotonic dystrophies (DM1 and DM2) (13 stud-
ies),34-66,90 5q SMA (10 studies)80-89 and CMT (eight stud-
ies).46-53 We can hypothesize that these diseases have been
explored more than the others because of their greater
prevalence. This is in accordance with the greater number
of therapeutic trials compared to the other NMDs, which
has resulted in advanced therapeutic strategies in 5Q SMA
for instance.®! In the present review, only five studies out
of 46 were conducted in several NMD subtypes.45. 71. 75-77
There are probably more studies that assess the psycho-
metric properties of walking tests and tools for a single
NMD subtype because of the heterogeneous clinical pre-
sentation of NMDs.

Concerning the walking tests and tools studied in terms
of measurement properties, our first hypothesis was that
they might depend on the subtype of NMD. However,
we observed a wide variety of measurement properties
between the different studies for the same NMD but also
between the different subtypes (Supplementary Table II).
The same observation could be made for the use of clini-
cal scales for impairment assessments or of the type of the
lower limb physical examination, which were varied and
not systematic (i.e., five of 44 studies without physical ex-
amination). To illustrate this, we can take the example of
the myotonic dystrophies, which had the most articles in
this review.54-66. 90 Six different walking tests were used
(i.e.,  MWT, 10MWT with comfortable or rapid walking
velocity, IOMW/RT, TUG, Step test and Fo8) with, for the
most part, the use of a stopwatch (i.e., only one article with
motion analysis system and one article with accelerom-
eter; Supplementary Table I, VI, VII, VIII, IX). In these
studies, physical examinations (i.e., of lower limb isomet-
ric muscle force or MRC lower limbs) with or without the
use of a functional assessment scale (MIRS or SARA)
were performed. In therapeutic trials on improving walk-
ing abilities in myotonic dystrophies, several walking tests
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and tools were used, such as the 6MWT, !5, 17.92 [OMWT
at a comfortable velocity®? or TUG, but there was no real
justification for the choice of a specific test. Unfortunately,
it is extremely difficult to compare the findings due to the
discrepancies between studies. Depending on the subtype
of NMD, the objective and the endpoint of a study, evalua-
tion protocols should be more homogeneous and standard-
ized.

Our second hypothesis was that the 6MWT would be
the test for which measurement properties were the most
studied. Indeed, the 6MWT was used in 26 of the 44 stud-
ies in our COSMIN review. Moreover, the 6MWT was the
only walking test that was studied in all NMDs. The dis-
tance traveled during the 6MWT was the single variable
assessed in terms of measurement properties. We found
“very good” methodological quality and “positive” quality
criteria rating for the reliability assessment of the 6MWT
in several NMDs. Specific measurement error assessments
of the 6GMWT in the studies on DM1 were “very good” in
terms of methodological quality, and “very good” in the
methodological quality of validity (face, construct, criteri-
on etc.). The responsiveness properties of the 6MWT were
the least studied, with “very good” methodological qual-
ity of assessments in primary mitochondrial myopathy, 5q
SMA and FSHD, but “inadequate” methodological quality
in DM1, DM2, CMT and LOPD, which may limit its use,
especially in clinical trials. Initially, the 6MWT was used
in cardiorespiratory diseases® and then gradually for the
study of walking and endurance in neurological diseases
including NMDs. According to the recommendations of
the American Thoracic Society,!! the 6MWT consists of
walking the greatest possible distance over a period of 6
minutes. The 6MWT seems to be the most evaluated walk-
ing test in terms of metrological properties and in clinical
trials in NMDs, probably due to the muscle fatigue gen-
erated, cardiorespiratory and metabolic disabilities in this
assessment of aerobic and exercise capacities, making it
possible to better understand the impact of the disease on
the walking abilities of people with NMDs. However, the
length of this test and the generated fatigue could limit the
ability of some participants to complete the assessment,
hence the need to develop walking tests that can be com-
pleted by all people with NMDs.

Furthermore, the same findings were obtained when
we looked at walking tests other than the 6MWT, i.e.,
many studies evaluating reliability and validity measure-
ment properties had “very good” methodological quali-
ties. However, concerning reliability, only few studies
examined inter or intra-rater reliability compared to the
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number of test—retest reliability evaluations. In clinical
practice, these aspects are important because patients are
often evaluated by different therapists or physicians over
time, so the reliability of a test or tool is essential. There-
fore, further studies on inter or intra-rater reliability are
necessary. The evaluation of validity was also contrasted
because construct validity was the most studied type of va-
lidity. For example, it was compared using clinical scales
or measurements of muscle strength by physical exami-
nation or by isokinetic measures (Supplementary Digital
Material 4, 5, 6). As expected, the validity assessment cri-
terion was not very present in our review because it seems
to be difficult to find a gold standard for a 10-meter test or
even a TUG. Content validity has been tested many times
for several of the walking tests and tools in our review
with very good results. This is encouraging for the use of
these tests in clinical trials and in current practice, though
they are not systematically used in the clinical follow-up
of people with NMDs.

On the other hand, there were fewer studies focused
on the measurement error or responsiveness assessment,
which is often associated with inadequate methodologi-
cal quality according to the COSMIN checklist for re-
sponsiveness properties. However, without prior adequate
evaluation of a walking test’s sensitivity to change and, in
particular, the determination of the MCID, it is difficult to
conclude on the effectiveness or ineffectiveness of a treat-
ment or of the low sensitivity to change of a walking test or
variable in clinical trials (in NMDs or other diseases).96-98
In this promising new era of therapeutic development in
neuromuscular diseases, it seems essential to conduct psy-
chometric studies on the sensitivity to change of walking
tests and measurement tools.

Overall, and even if further metrological studies are
needed to define relevant outcomes for future clinical tri-
als, the results of this COSMIN review have allowed us to
draw up some recommendations for the use of tests and
walking tools in the most frequent NMDs.

Concerning CMT disease, the 6MWT and 10MWT
had a good inverse correlation for time. The correlation
of the 6MWT with CMTNS differed between studies, but
the correlation appeared to be greater when the CMTNS
was higher.4% 52 Correlations between lower limb muscle
strength and 6MWD and 10MWT time were generally
weak (Supplementary Digital Material 4). The second ver-
sion of the CMTNS (CMTNS?2), published by Murphy et
al. in 2011,% had better correlations with spatio-temporal
parameters and kinematic data in the IOMWT, especially
velocity and knee flexion—extension, with good construct
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validity properties.5! Ferrarin et al. found excellent reli-
ability for spatio-temporal parameters and kinematic data
during motion analysis and Lencioni et al. indicated that
there was higher responsiveness for kinetic and kinematic
measures (according to disease severity) compared with
the CMT Examination Score.47- 50 The 6MWT exhibited
excellent reliability but there was inadequate responsive-
ness data according to the COSMIN guidelines. To the
best of our knowledge, and according to this summary,
the selection of CMT patients according to disease sever-
ity is crucial for selecting the walking test and assessment
tool. These results suggested that motion analysis is the
most appropriate tool and that the 6MWT is the most ap-
propriate test for walking assessment in CMT, but further
feasibility studies for motion analysis and responsiveness
studies for the 6GMWT are still necessary.

Concerning DM1, several walking tests were studied.
Very good construct validity was found for the 6MWT,
IOMWT, 10MW/RT, TUG, Step Test and variables as-
sessed by motion analysis in “basic walk” or “dual task
walk”. High correlations were generally observed between
walking tests or motion analysis and lower limb muscle
strength/MRC scores (Supplementary Digital Material
5), in contrast to the results in CMT patients. All of these
walking tests and tools were reliable, and the studies had
very good methodological quality and several types of
tested reliability. High responsiveness with AUC>0.76!
was found for the 1I0MWT in one study with adequate
methodology and sufficient quality criteria rating. For the
TUG, one study found AUC<0.7¢4 and another >0.7.62 In
DM1, the I0MWT was the walking test that had the most
verified metrological properties, which could explain its
preferred use in research and clinical practice for walking
assessments.

Concerning 5q SMA, several walking tests and tools
were studied, including the 6MWT, 1I0MWT, TUG, ESWT
and assessments of spatiotemporal parameters by instru-
mented footwear and GaitRite. The 6MWT was the most
studied test. It was found to have a robust construct va-
lidity mainly with high correlations with for lower limb
strength, and it was the only test with a study of criterion
validity compared to V0, peak.t3 The calculated MDC90
was 24 meters,8 and, according to one study, the 6MWT
was feasible for 97% of people with 5q SMA .85 These re-
sults could justify the preferential use of the 6MWT to as-
sess walking in research and clinical practice.

Concerning the FSHD, several walking tests and tools
were studied, such as the 6MWT, iTUG, motion analy-
sis and the use of wearable magneto-inertial sensors for
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real-life walking assessment. All of these walking tests
and tools were valid and reliable (Supplementary Digi-
tal Material 6). Only the 6MWT and the use of wearable
magneto-inertial sensors were studied properly in terms of
responsiveness according to the COSMIN guidelines.t8. 71
Their use seems to be preferable. Furthermore, the use of
wearable magneto-inertial sensors for walking assessment
in real life demonstrated the best construct validity, and
the correlations with lower limb MMT were high, and
it was a reliable tool with high ICC in inter-session reli-
ability and, according to an early study, it seemed to be a
sensitive tool with adequate study methodology according
to the COSMIN guidelines.”! To the best of our knowl-
edge, the metrological properties of this tool were studied
among NMDs only in FSHD, which open the door to the
assessment of walking capability in these patients. Inertial
sensors have the advantage of being used in a patient’s ev-
eryday environment and was developed in particular due
to the COVID-19 pandemic.!0 However, the sample size
of the single study was small, limiting the conclusions and
suggesting the need for further studies in FSHD. In other
NMDs, the lack of metrological studies may limit their
use in research and clinical applications.!0 Further stud-
ies using these wearable magneto-inertial sensors will be
needed for the development of novel walking outcomes in
real-life environments.

Strengths and limitations of the study

To the best of our knowledge, this is the first COSMIN
review on the measurement properties of walking outcome
assessments in adults with genetic or inherited NMDs.
Considering the functional and locomotor deficits caused
by NMDs, and the growing number of therapeutic trials in
NMD patients, it seemed relevant to synthesize the cur-
rent data concerning the measurements properties of walk-
ing tests and tools in order to identify those that might be
more relevant for specific research projects or for clinical
follow-up.

Herein, we reviewed data from a large number of stud-
ies, even though the inclusion criteria were limited to ge-
netic neuromuscular diseases in adults. Consequently, this
review provides a synthesis and new insights concerning
the measurement properties of walking tests and tools in
adults with NMDs. The major strength of this review was
the use of the COSMIN checklist and of a quality assess-
ment for the statistical outcomes. The COSMIN checklist
was used to assess the quality of the methodological de-
sign and statistical methods of the psychometric studies.
Moreover, this checklist has been successfully used in
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previous systematic reviews for the evaluation of walking
disorders in other diseases.3%-4! The level of agreement be-
tween the two reviewers (NH and MG) before discussion
was moderate (k=0.59) for this COSMIN review. This was
in accordance with the agreement level of previous studies
using COSMIN guidelines for the assessment of walking
psychometric studies in other diseases.39 101

Despite the many strengths of this review, is also pres-
ents some limitations. Firstly, it was not initially possible
to conduct a relevant meta-analysis because of the high
level of heterogeneity among the studies (metric proper-
ties, physical examination protocols and type of walk-
ing tests and related variables within same and different
NMD).

Secondly, most of the studies included in this review
had small sample sizes, and often with no justification,
which limits the interpretability of our results in relation to
the COSMIN checklist.

The last limitation of this paper is related to the selec-
tion criteria, which excluded non-hereditary or non-genet-
ic NMDs or pediatric populations. We therefore omitted
important NMDs such as Duchenne muscular dystrophy,
or children with 5q SMA. We chose these restrictive inclu-
sion criteria in order to obtain the most homogeneous sys-
tematic review possible, despite the broad clinical spec-
trum of NMDs. It is worth noting that there is a recent
narrative review of the literature that provides an overview
of outcome walking measures in children with NMDs.102

Conclusions

To conclude, this review provides an overview of the mea-
surement properties for the walking tests and tools that
have been used to evaluate adults with inherited or genetic
NMDs.

This information will help researchers and clinicians to
choose the most appropriate tests and tools depending on
their aim and the studied NMD. There is currently a large
panel of potential walking tests and tools to evaluate adults
with NMDs, and most were found to be valid and reliable.
However, important psychometric studies such as inter- or
intra-rater reliability and responsiveness assessments are
missing or were found to have inadequate methodologi-
cal qualities. Future studies are warranted to better clarify
these elements due to the current expansion of clinical tri-
als that include medical or physical therapies. This is also
of major importance considering the emergence of gene
therapies and their potential positive impact on walking
disorders in NMDs.
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SUPPLEMENTARY DIGITAL MATERIAL 1

The search formulation of this COSMIN review

1) (“gait”[MeSH] OR gait[tiab] OR walk*[tiab] OR “walking”[MeSH] OR walking[tiab] OR
ambulation[tiab])

AND

2) ("Neuromuscular Diseases"[Mesh]) OR ("Muscular Dystrophy, Duchenne"[Mesh]) OR
("Charcot-Marie-Tooth Disease"[Mesh]) OR ("Muscular Atrophy, Spinal’[Mesh]) OR
("Muscular Dystrophies"[Mesh]) OR ("Muscular Dystrophies, Limb-Girdle"[Mesh]) OR
"Distal Myopathies"[Mesh] OR "Myopathies, Structural, Congenital*[Mesh] OR (*Myotonic
Dystrophy*[Mesh]) OR ("Muscular Dystrophy, Facioscapulohumeral”[Mesh]) OR ("Glycogen
Storage Disease Type II"[Mesh] OR "Glycogen Phosphorylase, Muscle Form"[Mesh] OR
"GAA protein, human" [Supplementary Concept] OR "Spastic Paraplegia, Hereditary"[Mesh])

AND

3) ("Validation Study" [Publication Type] OR "Reproducibility of Results"[Mesh] OR
"observer variation"[MeSH] OR reliability[tiab] OR validity[tiab] OR ((generaliza*[tiab] OR
reliab*[tiab] OR "intraclass correlation"[tiab]) AND coefficient*[tiab]) OR (item[tiab] AND
(correlation*[tiab] OR selection*[tiab] OR reduction*[tiab])) OR agreement[tiab] OR
precision[title] OR test-retest[tiab] OR (test[tiab] AND retest[tiab]) OR (reliab*[tiab] AND
(test[tiab] OR retest[tiab])) OR ((interrater[tiab] OR inter-rater[tiab] OR intrarater[tiab] OR
intrarater[tiab] OR intertester[tiab] OR inter-tester[tiab] OR intratester[tiab] OR intra-
tester[tiab] OR interobserver[tiab] OR inter-observer[tiab] OR intraobserver[tiab] OR intra-
observer[tiab] OR interexaminer[tiab] OR inter-examiner[tiab] OR intraexaminer[tiab] OR
intraexaminer[tiab] OR inter-individual[tiab] OR intraparticipant[tiab]) AND reliab*[tiab]) OR
repeatab*[title] OR “interscale correlation"[tiab] OR "interscale correlations"[tiab] OR
((error[tiab] OR errors[tiab]) AND (measure*[tiab] OR correlat*[tiab] OR evaluat*[tiab] OR
accuracy[tiab] OR accurate[tiab] OR precision[tiab] OR mean[tiab])) OR "individual
variability"[title] OR "interval variability"[title] OR "rate variability"[title] OR "variability
analysis"[tiab] OR (uncertainty[title] AND (measurement[title] OR measuring[title])) OR
"standard error of measurement”[tiab] OR sensitiv*[title] OR sensitivity[tiab] OR
responsive*[title] OR responsiveness[tiab] OR "minimal detectable concentration"[tiab] OR
"minimal important change”[tiab] OR "minimal important difference”[tiab] OR "minimally
important change"[tiab] OR "minimally important difference"[tiab] OR (minimal*[tiab] AND
"detectable change™[tiab]) OR "minimal detectable difference[tiab] OR "minimally detectable
difference"[tiab])



SUPPLEMENTARY DIGITAL MATERIAL 2

Supplementary Table I.—Criteria to rate each measurement property according to Prinsen et

al.®® and Terwee et al.®®

Measurement property

Rating!

Criteria

Structural validity

CTT: CFA: CFl or TLI or comparable measure >0.95 OR RMSEA <0.082
IRT/Rasch: No violation of unidimensionality®: CFl or TLI or comparable measure
>0.95 OR RMSEA < 0.06 OR SRMR<0.08

AND

no violation of local independence: residual correlations among the items after
controlling for the dominant factor < 0.20 OR Q3's < 0.37

AND

no violation of monotonicity: adequate looking graphs OR item scalability >0.30
AND

adequate model fit:

IRT: 2 >0.01 Rasch: infit and outfit mean squares > 0.5 and < 1.5 OR Z- standardized
values > -2 and <2

CTT: Not all information for « +» reported IRT/Rasch: Model fit not reported

Criteria for « + » not met

Internal consistency

At least low evidence* for sufficient structural validity> AND Cronbach's alpha(s) >
0.70 for each unidimensional scale or subscale®

Criteria for “At least low evidence4 for sufficient structural validity®” not met

At least low evidence* for sufficient structural validity> AND Cronbach’s alpha(s) <
0.70 for each unidimensional scale or subscale®

Reliability

ICC or weighted Kappa > 0.70

ICC or weighted Kappa not reported

ICC or weighted Kappa < 0.70

Measurement error

SDC or LoA < MIC?®

MIC not defined

SDC or LoA > MIC?

Hypotheses  testing
construct validity

for

+

The result is in accordance with the hypothesis

No hypothesis defined (by the review team)

N

The result is not in accordance with the hypothesis

Cross-cultural
validity\measurement
invariance

+

No important differences found between group factors (such as age, gender, language)
in multiple group factor analysis OR no important DIF for group factors (McFadden's
R?<0.02)

-~

No multiple group factor analysis OR DIF analysis performed

Important differences between group factors OR DIF was found

Criterion validity

Correlation with gold standard > 0.70 OR AUC >0.70

O+ |0

Not all information for « + » reported

Correlation with gold standard < 0.70 OR AUC < 0.70

Responsiveness

+

The result is in accordance with the hypothesis” OR AUC > 0.70

?

No hypothesis defined

The result is not in accordance with the hypothesis” OR AUC < 0.70

AUC, area under the curve ; CFA, confirmatory factor analysis ; CFI, comparative fit index ; CTT, classical test
theory ; DIF, differential item functioning ; ICC, intraclass correlation coefficient ; IRT, item response theory ;
LoA, limits of agreement; MIC, minimal important change; RMSEA, Root Mean Square Error of
Approximation ; SEM, Standard Error of Measurement ; SDC, smallest detectable change ; SRMR, Standardized
Root Mean Residuals ; TLI, Tucker-Lewis index ; ! “+” sufficient ; ” — insufficient ; “?” indeterminate ; > To rate
the quality of the summary score, the factor structures should be equal across studies ; * unidimensionality refers
to a factor analysis per subscale, while structural validity refers to a factor analysis of a (multidimensional) patient-
reported outcome measure ; 4 As defined by grading the evidence according to the GRADE approach ; ® This
evidence may come from different studies ; ® The criteria ‘Cronbach alpha < 0.95° was deleted, as this is relevant
in the development phase of a PROM and not when evaluating an existing PROM ; 7 The results of all studies
should be taken together and it should then be decided if 75% of the results are in accordance with the hypotheses.




SUPPLEMENTARY DIGITAL MATERIAL 3

Supplementary Table Il.—Characteristics of the selected studies.

Avrticles Type of Study design Sample size Age of Healthy  Walking capacities Type of measures Walking Physical Lower limbs Impairment
NMD participants group test assessment assessments tools examination physical examination scale
presence (Yes/No)
(N/No)
Solari et al., CMT cross-sectional 40 42.4 (12.6) No 10MWT 10MWT time Stop watch Yes Lower limbs ONLS
200746 study maximal  voluntary
monocentric isometric contraction
Ferrarinetal., cross-sectional 20 24.6 (17.1) No NA kinematics, EMG motion analysis Yes NA CMTES
2011% study and SPT measures system
monocentric
Guillebastre prospective 26 50.7 (16.0) 19 12-m distance at a SPT measures GAITRite Yes dorsal and plantar- NA
etal., 201348 monocentric self-selected electronic flexor muscles with
study velocity walkway of 8.3m MRC
active area
Padua et al., prospective 168 44.4 (13.7) No 6MWT and 6MWD Activity Yes NA CMTNS
20164 multicenter study 10MWT Monitoring
Watch
Lencionietal., prospective 71 31.5(17.6) No NA kinematics and motion analysis Yes NA CMTES
2017% unicentric study SPT measures system
Coghe et al. cross  sectional 20 48.9 (15.5) 20 10MWT SPT and motion analysis Yes NA CMTNS
2020%! study kinematics system (v2)
measures
Mori et al, multicentric 53 52.1 (11.9) No 6MWT and 6MWD and Stop watch Yes dorsal and plantar- CMTNS
201852 longitudinal 10MWT 10MWT time flexor muscles
prospective study strength with
dynamometer
Pazzaglia et longitudinal and 149 42.5(12.5) No 6MWT, 10MWT 6MWD, 10MWT Stop watch and Yes NA CMTNS
al., 2019 prospective and monitoring time and several accelerometer (v2)
multicenter study during 5 days outputs during the (StepWatch
five days Activity Monitor)
monitoring  (as
activity index)
Hammaren et DM1 cross-sectional 10 42.7 (10.7) No 10mWT, Fo8, ST 10MWT and Stop watch No NA NA
al., 20125 study and TUG TUG times (and
monocentric number of steps of
ST and Fo8)
Galli et al, cross-sectional 10 1.5(7.6) 20 NA kinematics, EMG motion analysis Yes MRC lower limbs NA
2012% study and SPT measures system
monocentric
Hammaren et cross-sectional 51 41.3(9.7) No 10MWT, TUG and 10MWT and Stop watch Yes Lower limb isometric NA
al., 201450 study ST TUG times, muscle force (with a

monocentric




Kierkegaard
etal., 2017%

Solbakken et
al., 20168!

Kierkegaard
et al., 201862

Kierkegaard
et al., 20075

Jimenez-
Moreno et al.,
2019%7

Jimenez-
Moreno et al.,
20198

Knak et al.,
2020%8

Knak et al.,
2020%4

Radovanovic

etal, 20165 DM2

Montagnese et DM2

al., 202066

DM1 and

number of steps of handheld
ST dynamometer)
prospective 70 45(13) No 10mW/RT, 6MWD; Stop watch Yes NA MIRS
unicentric study 6MWT and TUG  10mW/RT and
TUG times
cross  sectional 38 39 (12.4) No 6MWT, TUG 6MWD and TUG corridor of 20m, Yes MMT  of upper, NA
study time stopwatch lower limbs and
anterior flexors/back
extensors trunk
cross-sectional 11 52 (range 29— No TUG TUG time Stop watch Yes NA MIRS
study 85)
monocentric
cross-sectional 12 for test (i) 44 (12) and No 6MWT 6MWT distance  Stop watch Yes NA MIRS
study retest (ii) 43 (13)
monocentric reliability (i)
part and 64
for the
feasibility
part (ii)
from 30 48 (25-72) 14 10MWT, Mean Accelerometer Yes Lower limb isometric No
observational 10mWI/RT and acceleration units muscle force (with a
natural  history 6MWT during the myometer):  ankle
PHENODM1 6MWD, 10MWT dorsiflexors, knee
study and 10mW/RT extensors and hip
flexors
from 213 45.2 (14.5) No 10MWT, 6MWD, 10MWT, Stop watch Yes QMT SARA and
observational 10mWI/RT and 10mW/RT times MIRS
natural history 6MWT
PHENODM1
study
prospective study 78 40 (10) No 10MWT, TUG 10MWT and Stop watch Yes hip extensor, knee MIRS
and bicentric TUG times extensor, ankle
plantar and dorsal
flexor muscles
strength with
dynamometer
bicentric 63 41 (10) No 6MWT, 10MWT, 6MWD, 10MWT Stop watch Yes Lower limbs muscle MIRS
longitudinal TUG and ST and TUG times, strength with
prospective study number of steps of dynamometer
ST
prospective 37 (20 DM1 38.6 (10.9) 48 NA SPT measures GAITRite Yes Lower limbs muscle NA
monocentric and 17 DM2) electronic strength with MRC
study walkway of 5.5 m
active area
monocentric 66 54.8 (12.4) No 6MWT 6MWD Stop watch Yes MMT lower limbs NA

longitudinal
prospective study




2MWT and at 1st

losa et al, FSHD cross-sectional 12 40,4 (10.8) 12 NA kinematics and motion analysis Yes MMT lower limb FCS
20077 study SPT measures system
monocentric
Aprile et al,, cross-sectional 16 46.5 (16.4) 16 10mWT, 2MWT 2MWD, 10MWT Stop watch and Yes MMT with MRC of CSS
2013 study and walking on time and SPT baropodometric lower limbs
monocentric baropodometric measures plateform
plateform
Eichinger et cross  sectional 86 49.1 (15.2) No 6MWT, TUG, 30 6MWD and TUG, corridor of 40 m Yes MMT of upper and FCS
al., 201768 study bicentric foot Go and 30 foot Go, in one center and lower limbs
10MWT 10MWT times a corrider of 50m
in the other,
stopwatch
Huisinga et prospective 17 53.7 [32-67] No TUG SPT parameters wearable Yes MMT of lower limbs FCS
al., 2018%° cohort unicentric during TUG magneto-inertial
study Sensors
Statland et al., prospective 10 54 (8.2) No iTUG SPT parameters wireless inertial Yes NA FCS
20197° cohort study during TUG sensors (at each
wrist, 1 at the
sternum, 1 at the
lumbar area, and
1 at each ankle)
Gidaro et al. FSHD exploratory 10 aged 18 to 75 No NA SPT parametersin wearable Yes MMT of lower limbs NA
2022™ and endpoint in years real life magneto-inertial
LGMD2 multicenter phase conditions sensors
1 trial
Martino et al. HSP cross  sectional 21 48.4 (10.9) 20 15x7 m walkway  kinematics, SPT motion analysis Yes NA SPRS
20197 study parameters and system and
EMG measures  wireless EMG
Claeys et al., LOPD cross  sectional 12 51.3  (range 12 6MWT, 10MWT 6MWD, 10MWT Stop watch Yes MRC sum score and NA
202274 study 22-67) and TUG and TUG times lower limb isometric
muscle force (with
Biodex
dynamometer)
Vanherpe et retrospective 52 47.9 (15.2) No 6MWT 6MWD Stop watch Yes MRC sum score NA
al., 20207 multicentric study
Jacques et al. Muscular cross  sectional 24 (only BMD: 424 16 10MWT 10MWT time Stop watch Yes Isometric  PFMVC NA
20187 Dystrophi  study ambulant (13.5) LGMD: and KEMVC force
es people out of 43.1 (12.4)
60 included FSHD: 47.7
with NMD)  (11.1)
Prahm et al., Several cross  sectional 16 47.4 (14.4) 12 6MWT 6MWD Stop watch and Yes MRC Hip,knee and NA
201476 NMD study pulse watch for Anfle (F/E)
monocentric HR measurement
Andersen et prospective 115 52.6 (22-83) 38 2MWT and 2MWD and Stop watch Yes Lower limbs muscle NA
al., 2016% monocentric 6MWT 6MWD and strength with MRC
study velocity  during




and last minute of
6MWT

Knak et al, monocentric 93 53 (17) No 2MWT and 2MWD and Stop watch Yes MRC lower limbs NA
201777 prospective study 6MWT 6MWD
Takeuchi et cross-sectional 35 55.8 (11.2) 29 6MWT 6MWT distance  Stop watch Yes Limb Norris Score NA
al.,2008™® study
monocentric
Montes et al., cross-sectional 9 22 [4-49] 9 6MWT SPT measuresand Stop watch and No NA NA
201088 study 6MWD GAITRIite
monocentric electronic
walkway of 4.6m
active area
Montes et al., cross-sectional 10 31.2 (9-49) No 6MWT 6MWD Stop watch Yes Total leg strength NA
201487 study measured by MMT
monocentric
Dunaway et monocentric 15 28.73 (4.17) No 6MWT, TUG, 10 6MWD, TUG Stop watch Yes MMT lower limbs HFMSE
al., 201486 longitudinal meter walk/run time, 10 meter
prospective study walk/run time
Dunaway et Retrospective 30 23.7 (16.4) No 6MWT, TUG, 10 6MWD, SPT GAITRite Yes MMT lower limbs NA
al., 2016% study meter walk/run measures, TUG electronic
time, 10 meter walkway of
walk/run time 4.25m active area
for SPT measures
and instrumented
footwear
(SoleSound) and
stop watch
Rodriguez- sub study from 2 23 28.0 (16.5) No 6MWT 6MWD Stop watch Yes MRC lower limbs NA
Torres et al.,, clinical trial
202084 studies
Bartels et al., Cross  sectional 4 26.2 (10-37) No ESWT ESWT time Stop Watch No NA NA
201982 moncentric study
(Pilot test sample)
Bartels et al., monocentric 15 28.4 (12.4) 25 ESWT ESWT time Stop Watch Yes Lower limbs MRC NA
202081 longitudinal
prospective study
Elsheikh et al., inside a 33 37.2(9.1) No 6MWT 6MWD Stop watch Yes Lower limbs NA
202085 monocentric maximal  voluntary
double-blind, isometric contraction
placebo-
controlled, cross-
over
trial
Stolte et al., monocentric 51 35.8 (12.7) No 6MWT 6MWD Stop watch Yes NA HFMSE
202080 longitudinal

prospective study




Montes et al., cross-sectional 9 27.9  (range No 6MWT and (i) wvelocity (ii) Instrumented No NA NA

2017% monocentric 11.0-51.8) 10MWT initial double footwear
study support (SoleSound) and
GaitRite
Montano et Primary  monocentric 117 NA No 6MWT and TUG  6MWD and TUG Stop watch No NA NA
al., 202278 mitochon  longitudinal time
drial prospective study
myopathy

ALS-FRS-R: amyotrophic lateral sclerosis functional rating scale; BMD: Becker Muscular Dystrophy; CMT: Charcot Marie Tooth; CMTES: CMT Examination Score; CMTNS:
CMT Neuropathy Score ; CSS: Clinical Severity Score; DM1: Dystrophy myotonic type 1; DM2: Dystrophy Myotonic type 2;DMD: Duchenne Muscular Dystrophy; FCS: FSHD
Clinical Score; FSHD: facioscapulohumeral muscular dystrophy; F/E: Flexion/Extension; Neuropathy Score; CS: Comfortable speed; EMG: Electromyographic; ESWT: Endurance
Shuttle Walk Test; HFMSE: Hammersmith Functional Motor Scale Expanded; HR: Heart Rate; HSP: Hereditary Spastic Paraplegia; KEMVC: Knee Extensor Muscular; VVoluntary
Contraction; LGMD: Limb Girdle Muscle Dystrophy; LOPD: Late onset Pompe; NA: Non Applicable; NMD: Neuromuscular diseases; MMT: Manual Muscle Testing; MIRS:
Muscular Impairment Rating Scale; MRC: Medical Research Council Scale; ONLS: Overall Neuropathy Limitations Scale; PFMVC: Plantar Flexor Muscular VVoluntary Contraction;
SARA: Scale for the Assessment and Rating of Ataxia; SPT: spatiotemporal; SRPS: Spastic Paraplegia Rating Scale; TUG: Times up and Go test; 2MWD: 2-minute walking distance;
2MWT: 2-minute walking Test; 6MWD: 6- minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk test; 100MW/RT: 10-meter walk/run test; ST: step test;
Fo8,Walking in a Figure of eight.
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Supplementary Table I1l.—Measurement properties of the included studies in Charcot Marie Tooth disease: validity.
Validity
Articles Walking test Type of variables studied Type of Compared to Results (95% Cl) COSMIN  Criterion Hypotheses
validity quality and/or testing for
criteria rating  construct
validity
Padua et al., 6MWT 6MWD Construct (i) L0MWT (ii) CMTNS (i) p = - 0.54 (P<0.001) (ii) p Very good NA ?
2016% (iii) plantar flexion as = - 0.55 (P<0.001) (iii) p =
detected by a myometer 0.45 (P<0.001) (iv) p = 0.49
(iv) dorsi flexion as (P<0.001)
detected by a myometer
Mori et al, Construct (1) CMTNS (2) dorsal (1) p=0.11 ; P=0.52 (2) Very good NA ?
2018 and (3) plantar-flexor p=0.32; P=0.051 (3) p=0.004;
muscles strength P=0.98 and correlation
between 6MWT and 10MWT:
p=-0.63; P<0,001
Pazzaglia et NA NA NA NA NA NA
al., 2019%
Mori et al, 10MWT 10MWT time Construct (1) CMTNS (2)dorsal (1) 0.26; P=0.084 (2) p= - Very good NA ?
2018 and (3) plantar-flexor 0.50; P=0.0017 (3) p=-0.34;
muscles strength P=0.027
Solari et al., NA NA NA NA NA NA
200746
Pazzaglia et NA NA NA NA NA NA
al., 2019%
Coghe et al. (i) velocity (ii) step width (iii) Construct CMTNS2 (i) p=-0.783 (P=0.001) (ii) p Very good NA +
20205 stride length (iv) DST (V) = - 0.248 (P=0.306) (iii) p=-
kinematic data 0.776 (P<0.001) (iv) p=0.523
(P=0.022) (v) p from - 0.004
(p=0.986) for Hip Abduction—
adduction to 0.832 (P<0.001)
for Knee Flexion—extension
Pazzaglia et Monitoring Several outputs during the five NA NA NA NA NA NA
al., 2019%2 during5days days monitoring (as activity
index)
Padua et al., Monitoring Several outputs during the five Construct (i) 10MWT (ii) CMTNS (i) p from -0.08 to 0.10 Verygood NA ?

2016

during 5 days

days monitoring (as activity
index)

(iii) plantar flexion as
detected by a myometer

(P>0.05) (ii) p from -0.31 to
0.07 (the most of correlation




(iv) dorsi flexion as with P>0.05) (iii) p from -0.20

detected by amyometer to 0.40 (the most of
correlation with P>0.05) (iv) p
from -0.23 to 0.35(the most of
correlation with P>0.05)

Ferrarin et al., NA  (Motion (i) CS (1) velocity and (2) NA NA NA NA NA NA

20114 analysis) double support (3) Mean ankle
angle TW- mean ankle
angle HW (4) cadence (5)stride
length normalized to body
height (6) kinematics data (7)
kinetics data (ii) RS (1) velocity
and (2) double support (3)
cadence (4) stride length
normalized to body height (5)
kinematics data (6) kinetics data

Guillebastre et NA (GAITRite (1) Velocity (2) double support Construct MRC scores (i) dorsal (1) (i) p=0.49, P<0.05 (ii) p= Very good NA +
al., 2013 of 8.3m) (i) plantar-flexor 0.50, P<0.05 (2) (i) p = -0.19,

muscles P>0.05 (ii) p = -0.04, P>0.05
Lencioni et al., NA  (Motion (1) Velocity normalized to body NA NA NA NA NA NA
2017% analysis) height (2) stride length

normalized to body
height (3) kinematics data (4)
Kinetics data

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient; NA: Non Applicable; RS:
rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement; SL: Stride Length; SRM: Standardised Response Mean; ST: Step Test;
SWT: Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk test.



Supplementary Table IV.—Measurement properties of the included studies in Charcot Marie Tooth disease: reliability.

Reliability
Avrticles Walking test Type of variables studied Design Results (95% CI) COSMIN*  Quality
criteria
rating
Paduacetal., 2016 6MWT 6MWD Test-retest ICCs >0.9 adequate +
Mori et al., 2018 NA NA NA NA
Pazzaglia et al., NA NA NA NA
2019%
Mori et al., 2018 10MWT 10MWT time NA NA NA NA
Solari et al., 20074 (i)Inter-rater (ii) 10MWT (i)ICC=0.97, 95% CI [0.88-0.99]; very good  +
Intra-rater (i)1CC=0.96, 95% CI [0.87-0.99]
Pazzaglia et al., NA NA NA NA
2019%
Coghe et al. 2020 (i) velocity (ii) step width (iii) NA NA NA NA
stride length (iv) DST (v)
Kinematic data

Pazzaglia et al.,, Monitoring Several outputs during the five NA NA NA NA
20195 during 5 days monitoring (as activity

days index)
Paduaet al., 2016*°  Monitoring  Several outputs during the five ICCs>0.9 NA NA

during 5 days monitoring (as activity

days index)
Ferrarinetal., 2011 NA (Motion (i) CS (1) wvelocity and (2) Test-restest (46 (i) (1) 1CC=0.95, (2)ICC=0.93 (3) ICC = verygood +

analysis) double support (3) Mean ankle weeks apart) 0.95 (4) I1CC=0.91 (5) ICC=0.96 (6) All

angle TW- mean ankle

angle HW (4) cadence (5)stride
length normalized to body
height (6) kinematics data (7)
Kinetics data (ii) RS (1) velocity
and (2) double support (3)
cadence (4) stride length
normalized to body height (5)
kinematics data (6) kinetics data

variables have ICC > 0.7 except Trunk ROM
in sagittal plane (ICC=0.22) and in
transverse plane (ICC=0.34) (7) Al
variables have ICC > 0.8 (ii) (1) ICC=0.78
(2) 1ICC=0.72 (3) ICC=0.71 (4) ICC =0.78
(5) All variables have ICC > 0.7 except
Trunk ROM in sagittal plane (ICC=0.27) and
in frontal plane (ICC=-0.04) and transverse
plane (ICC=0.49)(6) All variables have ICC
> 0.8 except hip positive mechanical work
(ICC=0.74)




Guillebastre et al., NA (1) Velocity (2) double support NA NA NA NA
2013% (GAITRIite

of 8.3m)
Lencioni etal., 2017*° NA (Motion (1) Velocity normalized to body NA NA NA NA

analysis) height (2) stride length
normalized to body
height (3) kinematics data (4)
Kinetics data

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient; NA: Non
Applicable; RS: rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement; SL: Stride Length; SRM: Standardised
Response Mean; ST: Step Test; SWT: Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; L0MWT: 10-minute walk

test.



Supplementary Table V.—Measurement properties of the included studies in Charcot Marie Tooth disease: measurement error, responsiveness, and

feasibility.
Measurement error Responsiveness Feasibility
Results Quality  Results (95% CI) Quality
Articles Walking test  Type of variables studied COSMIN  criteria COSMIN criteria Outcomes Results
(95% CI) ; .
rating rating
;gf;? et al, NA NA NA NA NA NA NA
Mori et al., 2018% 6MWT 6MWD NA NA NA NA NA NA NA NA
Pazzaglia et al., baseline vs. 12 months: . "
20195 NA NA NA 6MWT p=0.71 inadequate ? NA NA
Mori et al., 20185 NA NA NA NA NA NA NA NA
Solari et al., 200746 . NA NA NA NA NA NA NA NA
Pazzaglia et al LOMWT time baseline vs. 12 months: 10
20195 1OMWT NA NA NA MWT p=0.21 inadequate ? NA NA
(i) velocity (ii) step width (iii)
Coghe et al. 20205 stride length (iv) DST (v) NA NA NA NA NA NA NA NA
kinematic data
baseline vs. 12 months:
. - Several outputs during the five several SAM  outputs
ggfg%glla et al, m?inr:tog'gg s days monitoring (as activity NA NA NA demonstrated worsening inadequate ? NA NA
92085 index) (P<0.05) and CMTNS too
(P<0.001)
Padua et al. Monitorin Several outputs during the five
9 N . g days monitoring (as activity NA NA NA NA NA NA NA NA
2016 during 5 days index)
(i) CS (1) velocity and (2) (i) (1) SEM=3.67m/s (2)
double support (3) Mean ankle SEM=1.11%GC 3)
angle TW- mean ankle SEM=2.7° (4) SEM=1.99
angle HW (4) cadence (5)stride steps/min (5) ICC=2.16%
length normalized to body (6) SEM from 2.31° to
Ferrarin et al., NA (Motion height (6) kinematics data (7) 9.36° according to the "
20114 analysis) kinetics data (ii) RS (1) kinematics variables (ii) very good ’ NA NA NA NA NA
velocity and (2) double support (1) SEM = 10.12 m/s (2)
(3) cadence (4) stride length SEM = 2.19%GC (3)
normalized to body height (5) SEM=5.77 steps/min (4)
kinematics data (6) Kinetics SEM=6.09% (5) (6) SEM
data from 2.54° to 6.03°
Guillebastre et al hie . .
2013% " (GAITRite of (1) Velocity (2) double support NA NA NA NA NA NA NA NA
8.3m)
(1) Velocity normalized to (1) SRM=-0.55 [%body
Lencioni et al., NA (Motion body height/s] for step
201750 analysis) height (2) stride length NA NA NA ascending and -0.43 for very good * NA NA

normalized to body

step  descending  (2)




height (3) kinematics data (4) SRM=-0.54 [Yobody

kinetics data height] for step ascending
and -0.56 for step
descending (3) from -
0.56° to -0.25° according
to variables in CS and
from -0.53° to -0.25° in
step descending (4) for
step  descending and
ascending: from -0.53J to
0.35J

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient; NA: Non Applicable; RS:
rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement; SL: Stride Length; SRM: Standardised Response Mean; ST: Step Test;
SWT: Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk test.
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Supplementary Table VI.—Measurement properties of the included studies in myotonic dystrophies: validity.

Validity
Avrticles Subtype Walking  Type of Type of Compared to Results (95% CI) COSMIN Criterion  Hypotheses
of DM test variables validity quality testing  for
studied and/or construct
criteria validity
rating
Kierkegaard et DM1 6MWT 6MWD NA NA NA NA NA NA
al., 2007>*
Kierkegaard et NA NA NA NA NA NA
al., 2017
Solbakken et al., Construct (i)MMT of DEmg (ii) (i) p=0.45, P=0.005 (ii) p= Very NA +
20165 PEmg (iii)Tmg 0.62, good
P<0.001 (iii)) p = 0.67,
P<0.001
Jimenez- construct (i) SARA (ii) Hip flexors (i) p=-0.65; (ii) p=0.51; (iii)) Very NA +
Moreno et al., QMT (iii) ankle p=0.45;(iv) p=0.47 good
2019% dorsiflexors QMT (iv)
knee extensors QMT
Jimenez- Mean NA NA NA NA NA NA
Moreno et al, acceleration
2019% units  during
the 6MWD
Hammaren et DM1 10mWT 10MWT time NA NA NA NA NA
al., 2012* (CS and
Hammaren et RS) Construct Total lower limb muscle p=-0.705; P<0.001 (CS) and Very NA
al., 2014 strength p=-0.665; P<0.001 (RS) good
Kierkegaard et 10MWT NA NA NA NA NA
al., 2017% (CS)
Jimenez- construct (i) SARA (ii) Hip flexors (a) 100% (b) (i) p=0.65, (ii)) Very NA
Moreno et al, QMT (iii) ankle p=-0.45, (iii) p=-0.43, (iv) good
2019 dorsiflexors QMT (iv) p=-0.36
knee extensors QMT
Knak et al, NA NA NA NA NA

2020%




Knak et al, Construct Muscle strength (hip p = —0.488, 95%CI —0.719 Very NA
2020% extension, knee to —0.256 (P<0.0005) good

extension, and ankle

plantar and  dorsal

flexion)
Jimenez- Mean NA NA NA NA NA
Moreno et al, acceleration
2019% units  during

the 1IOMWT

Jimenez- DM1 10mW/RT 10mW/RT construct (i) SARA (ii) Hip flexors (i) p=0.55 (ii) p=-0.51 (iii) Very NA
Moreno et al., time QMT (iii) ankle p=-0.47 (iv) p=-0.32 good
2019% dorsiflexors QMT (iv)

knee extensors QMT
Jimenez- Mean Construct muscle strength of (i) (i) p= 0.4, P=0.05 (ii)) NA NA
Moreno et al, acceleration knee extensors and (ii) p=0.43, p=0.02
2019% units  during hip flexors

the 10mW/RT

Hammaren et DM1 TUG TUG time NA NA NA NA NA
al., 2012%
Hammaren et Construct Total lower limb muscle p=-0.585; P<0.001 Very NA
al., 2014 strength good
Kierkegaard et NA NA NA NA NA
al., 2017
Solbakken et al., Construct (i)MMT  of  dorsal (i) p =-0.43, P<0.001 (ii)) p Very NA
20165 extension wrist, dorsal =-0.3, P=0.08 (iii) p=-0.58, good

extension ankle, (ii) P<0.001

MMT of Hip flexion,

knee flexion, knee

extension, shoulder

abduction, elbow

flexion, elbow

extension, (iii) MMT of

trunk muscle group
Knak et al, NA NA NA NA NA
2020%
Knak et al, Construct Muscle strength (hip p = —0.313, 95%CI —0.687 Very NA
2020% extension, knee to —0.286 (P<0.0005) good




extension, and ankle
dorsal flexion)

Kierkegaard et NA NA NA NA NA
al., 2018°2
Hammaren et DM1 (i)Fo8 and Fo8 time and NA NA NA NA NA
al., 2012% (ii)ST number  of
steps of ST

Hammaren et DM1 ST number of Construct Total lower limb muscle p=0.610; P<0.001 Very NA
al., 2014 steps of ST strength good
Knak et al, Construct Muscle strength (ankle p=0.546, P<0.0005 Very NA
2020% plantar  and  dorsal 95%IC[0.327-0.764] good

flexion)
Knak et al, NA NA NA NA NA
202084
Galli et al, DM1 velocity NA Construct lower limb  muscle p=0.62, P<0.05 Very NA
2012% (CS) strength  (MRC rectus good

femoris)
Radovanovic et (i)DM1 NA CT, SL, SWT Construct MRC scores ()with CT during basic Very NA
al., 2016 and (Motion walk (p =-0.658), with CT good

(i)DM2  analysis) during dual task (p = -

0.579) and SL in all gait

conditions (p from 0.625 to

0.726) (ii) with SL during

basic walk (p = 0.692), SL

during dual task (p = 0.627)
Montagnese et DM2 6MWT 6MWD Construct lower limb MMT sum  p=0.492 P<0.001 Very NA
al., 20206 good

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient;NA: Non
Applicable; RS: rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement;SL: Stride Length; SRM: Standardised
Response Mean; ST: Step Test; SWT,Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk
test.




Supplementary Table VII.—Measurement properties of the included studies in myotonic dystrophies: reliability.

Reliability
Avrticles Subtype of ~ Walking test  Type of variables studied Design Results (95% CI) COSMIN Quality
DM criteria rating

Kierkegaard et al., DM1 6MWT 6MWD Test-retest (one week ICC=0,99 (95%CI 0.97-  very +
2007 apart) 1.0) good
Kierkegaard et al., Intra-rater (Best trial- ICC=1.00 (0.99-1.00) very +
2017 average of trials) good
Solbakken et al., NA NA NA NA
20165
Jimenez-Moreno et NA NA NA NA
al., 2019%
Jimenez-Moreno et Mean acceleration units intra-accelerometer ICC=0.97 (95% C1 0.95—-  very +
al., 2019 during the 6MWD reliability 0.99; P<0.001) good
Hammaren et al., DM1 10mWT (CS 10MWT time Test-retest (1 week) ICC=0.91(CS) very +
2012%° and RS) ICC=0.94(RS) good
Hammaren et al., NA NA NA NA
201450
Kierkegaard et al., 10MWT (CS) Intra-rater (Best trial- 1CC=0.99 (0.92-1.00) very +
2017 average of trials) good
Jimenez-Moreno et Intra-rater (3 measures) ICC = 0.99, 95% CI very +
al., 2019 [0.99-0.99] good
Knak et al., 2020% NA NA NA NA
Knak et al., 2020 Intrarater reliability ICC=0.96 very

(0.94-0.98) good
Jimenez-Moreno et Mean acceleration units intra-accelerometer ICC=0.86 (95% CI 0.74—  very +
al., 2019 during the I0MWT reliability 0.93; p=0.003) good
Jimenez-Moreno et DM1 10mW/RT  10mWI/RT time Intra-rater (3 measures) 1CC=0.99 (0.98-0.99) adequate +
al., 2019>
Jimenez-Moreno et Mean acceleration units intra-accelerometer ICC=0.96 (95% CI 0.93—  very +
al., 2019 during the 10mW/RT reliability 0.98; P<0.001) good
Hammaren et al., DM1 TUG TUG time Test-retest (1 week) ICC=0.83 very +
2012% good
Hammaren et al., NA NA NA NA
2014°%°
Kierkegaard et al., Intra-rater (Best trial- TUG=0.98 (0.92-0.99) very +
2017 average of trials) good




Solbakken et al., NA NA NA NA
20165

Knak et al., 2020 NA NA NA NA

Knak et al., 2020 Intrarater reliability (1to ICC=0.68 (0.54-0.79) very -
2 weeks) good

Kierkegaard et al., NA NA NA NA

201862

Hammaren et al., DM1 (i)Fo8 and Fo8 time and number of Test-retest (1 week) ()ICC=0.96, very +

2012% (ii)ST steps of ST (ii)ICC=0.94 good

Hammaren et al., DM1 ST number of steps of ST NA NA NA NA

2014950

Knak et al., 2020 Intrarater reliability (1to 0.90 1C95% [0.82-0.94] very +
2 weeks) good

Knak et al., 2020 NA NA NA NA

Galli et al., 2012% DM1 velocity (CS) NA NA NA NA NA

Radovanovic et al., (i)DM1 and NA (Motion CT, SL, SWT NA NA NA NA

2016% (ii)DM2 analysis)

Montagnese et al., DM?2 6MWT 6MWD NA NA NA NA

20206

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient;NA: Non
Applicable; RS: rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement;SL: Stride Length; SRM: Standardised
Response Mean; ST: Step Test; SWT,Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk
test.



Supplementary Table VIII.—Measurement properties of the included studies in myotonic dystrophies: measurement error.

Measurement error

Avrticles Subtype of Walking test Type of variables studied Results (95% CI) COSMIN Quality criteria
DM rating
Kierkegaard et al., DM1 6MWT 6MWD SEM= 12m (Better of 2 6MWTs);  very ?
2007 SEM=11m (Better of 3 6MWTs);  good
SEM=9m (Mean of 3 6MWTS)

Kierkegaard et al., NA NA NA
2017%
Solbakken et al, NA NA NA
2016%
Jimenez-Morenoetal., NA NA NA
2019%
Jimenez-Morenoetal., Mean acceleration units during NA NA NA
2019% the 6MWD
Hammaren et al., DM1 10mWT (CSand 10MWT time (i) SEM=0.6s and ME=1.3(CS) very ?
2012%° RS) SEM=0.4s and ME=0.7(RS) good
Hammaren et al., NA NA NA
2014°%
Kierkegaard et al., 10MWT (CS) NA NA NA
2017
Jimenez-Morenoet al., NA NA NA
2019%
Knak et al., 2020% NA NA NA
Knak et al., 2020%® SEM=0.26s very ?

good
Jimenez-Morenoetal., Mean acceleration units during NA NA NA
2019% the 10OMWT
Jimenez-Morenoet al., DM1 10mW/RT 10mW/RT time NA NA NA
2019%
Jimenez-Moreno et al., Mean acceleration units during NA NA NA
2019% the 10mW/RT
Hammaren et al, DM1 TUG TUG time SEM=0.7s and ME=1.4 very ?
2012% good
Hammaren et al., NA NA NA

2014%




Kierkegaard et al., NA NA NA

2017%

Solbakken et al, NA NA NA

2016%

Knak et al., 2020%* NA NA NA

Knak et al., 2020% SEM=1.09s very ?
good

Kierkegaard et al., NA NA NA

2018%

Hammaren et al, DM1 (i)Fo8 and (ii)ST Fo8 time and number of steps (i))SEM=1.7steps  and ME=14.4  very ?

2012%° of ST (i)SEM=1.5 steps and and ME=2.9 good

Hammaren et al.,, DM1 ST number of steps of ST NA NA NA

2014°%

Knak et al., 2020% SEM=1.7steps ((x9%) very ?
good

Knak et al., 2020 NA NA NA

Galli et al., 2012% DM1 velocity (CS) NA NA NA NA

Radovanovic et al., (i)DM1 and NA (Motion CT, SL, SWT NA NA NA

2016% (i) DM2 analysis)

Montagnese et al., DM2 6MWT 6MWD NA NA NA

2020°%

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient;NA: Non
Applicable; RS: rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement;SL: Stride Length; SRM: Standardised
Response Mean; ST: Step Test; SWT,Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk
test.



Supplementary Table I)X.—Measurement properties of the included studies in myotonic dystrophies: responsiveness and feasibility.

Responsiveness Feasibility
Avrticles Walking test Type of variables Results (95% CI) COSMIN  Quality  Outcomes Results
studied criteria
rating
Kierkegaard et DM1 6MWT 6MWD NA NA NA (i) to be able to perform (i) 52/64 participants (ii) 13 (6—
al., 20075 two 6MWTSs on the same 19)
day (1 hour apart) (ii)
Median Borg RPE-score
Kierkegaard et NA NA NA NA NA
al., 2017
Solbakken et NA NA NA NA NA
al., 20168!
Jimenez- baseline vs. one year visit inadequate ? % of participants made 1 100% performed one trial, 80%
Moreno et al.,, (1) 1.3s [2.2-0.3] p= 0.009 trial of 6MWT, 10mWT, performed at least a second trial
2019%7 (2) 0.9s [1.5-0.2] p=0.01 10mW/RT  and 30 of each test and over 50%
and (3) -36.2 [-19.3— -53.1) seconds sit and stand test completed three trials in those
P<0.001 tests required
Jimenez- Mean NA NA NA NA NA
Moreno et al., acceleration units
20198 during the
6MWD
Hammaren et 10mWT 10MWT time NA NA NA NA NA
al., 2012% (CS and RS)
Hammaren et NA NA NA NA NA
al., 2014%0
Kierkegaard et 10MWT NA NA NA NA NA
al., 201756 (CS)
Jimenez- baseline vs. one year visit: inadequate ? % of participants made 1 100% performed one trial, 80%
Moreno et al., 1.3s5[2.2-0.3] p= 0.009 trial of 6MWT, 10mWT, performed at least a second trial
2019% 10mW/RT  and 30 of each test and over 50%
seconds sit and stand test completed three trials in those
tests required
Knak et al., change between baseline very good + NA NA
2020% and 1 year: —0.009 (-0.15;
0.13) p=0,90; AUC between
GRS and 10MWT: AUC
>0.7
Knak et al, MCID = 0.69 (13%) with very good ? NA NA
2020°8 MDD95% = +0.72 (¥12%)

[+12%)]




Jimenez-
Moreno et al.,
2019

Jimenez-
Moreno et al.,
2019%

Jimenez-
Moreno et al.,
2019

Hammaren et
al., 2012%
Hammaren et
al., 2014%
Kierkegaard et
al., 2017%
Solbakken et
al., 20168
Knak et al,
20205

Knak et al.,
2020%8

Kierkegaard et
al., 201862

Hammaren et
al., 2012%°

Hammaren et
al., 2014%
Knak et al,
2020%8

Knak et al.,
202065

and 1 year: —0.06 (—0.75;

Mean NA NA NA NA NA
acceleration units
during the
10MWT
10mWI/RT time  0.9s[1.5-0.2] p=0.01 inadequate ? % of participants made 1 100% performed one trial, 80%
trial of 6MWT, 10mWT, performed at least a second trial
10mW/RT  and 30 of each test and over 50%
seconds sit and stand test completed three trials in those
tests required
Mean NA NA NA NA NA
acceleration units
during the
10mW/RT
TUG time NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
change between baseline very good - NA NA
and 1 year: 0.35(0.17; 0.53)
p=0,0003; AUC between
0.6 and 0.7
MCID = 0.92 (11%) with NA NA NA NA
MDD95% = +1.26 (+26%)
[£19%)]
Criterion approach AUC very good + NA NA
walking = 0.8; 95CI% [0.7—
0.9]
(i)Fo8 and Fo8 time and NA NA NA NA NA
number of steps
of ST
number of steps NA NA NA NA NA
of ST
MCID = 2.87 (16%) with very good ? NA NA
MDD95% = +4.70 (£26%)
[£19%]
change between baseline very good - NA NA




0.63) p=0.88; AUC between
GRS and ST: AUC<0.7

Galli et al, DM1 velocity NA NA NA NA NA
2012% (CS)
Radovanovic et (i)DM1 NA (Motion CT, SL, SWT NA NA NA NA NA
al., 2016% and analysis)

(i DM2
Montagnese et DM2 6MWT decrease of 34,16 m inadequate ? NA NA
al., 202066 (0=0.003) between visit 1

and 2 (one year)

CMT: Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; HW: Heel Walking: GC: Gait Cycle; ICC: Intercorrelation coefficient; NA: Non
Applicable; RS: rapid speed; RSME: Root-mean-square error; SD: Standard Deviation; SEM: Standard Error Measurement; SL: Stride Length; SRM: Standardised
Response Mean; ST: Step Test; SWT: Swing Time; TW: Toe Walking; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; L0MWT: 10-minute walk

test.
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Supplementary Table X.—Measurement properties of the included studies in other NMDs: validity.

Validity
Avrticles Subtype of Walking Type of variables Type of validity = Compared to Results (95% CI) COSMIN Criterion  Hypotheses
NMD test studied quality testing
and/or construct
criteria validity
rating
Gidaro et al. FSH and NA (i) Median Construct Lower limb MMT (i) p=0.842; P<0.05 (ii)) Very NA +
2022 LGMD2 Velocity (i) p=0.333; P>0.05 (iii)  good
distance  walked p=0.915; P<0.05 (iv)
per hour (iii) 95th p=0.866; P<0.05
centile length (iv)
95th centile
velocity
losa et al., 2007% FSHD NA velocity Construct FCS p=-0.51, P=0.09 Very NA +
(Motion good
analysis in
CS)
Aprile et al, NA (1)Velocity (2) Construct ())CSS (i)l OMWT (1) (i) p= 0.7, P<0.002 (ii) p  Very NA +
2013% (Motion Step length time (iii)2MWD = 0.8, P<0.0003 (iii)p=0.7  good
analysis in (3)Stride width P<0.01 (2)(i) p=0.7 P<0.003
CS) (i1) p=0.9 P<0.00001
(iii)p=0.6 P<0.002 (3) (i) p =
0.6, P< 0.002 (ii) p = 0.7,
P<0.005 (iii) p= 0.7, P<0.005
Eichinger et al., 6MWT 6MWD Construct (i) FCS (ii) MMT (i) p=—0.57; p<0.0001 (ii) p=  Very NA +
201768 LEXT 0.79; P <0.0001 good
Huisinga et al., iTUG (1) velocity (2) Construct (i) FCS (ii) MMT (1) (i) p=-0.65 (p=0.005) (ii) adequate NA +
2018% double support LEXT p=0.52 (p=0.03)
Statland et al.,, TUG duration, NA NA NA NA NA NA
20197 cadence, DS
Martino et al. HSP 15x7 m Velocity Construct SPRS p=0.38 (P=0.09) Very NA ?
2019 walkway good
(CS)
Claeys et al., LOPD 6MWT, 6MWD, 10MWT NA NA NA NA NA NA
2022™ 10MWT  and TUG times

and TUG




Vanherpe et al., 6MWT 6MWD NA NA NA NA NA NA
20207
Jacques et al. Muscular 10MWT Velocity Construct knee extension p = 0.484, P=0.030 Very NA ?
2018™ Dystrophies  (CS) isometric maximal good
voluntary
contraction
Prahm et al., NMD 6MWT 6MWD Construct HR p= 0.731 [0.573-0.886], Very NA +
201476 P<0.001 good
Andersen et al., 2MWT and 2MWT velocity Criterion 6MWT velocity p=10.99, p=0.001 Very + +
2016 6MWT good
Knak et al, H2MWT  2MWD and NA NA NA NA NA NA
20177 and 6MWD
(iN6MWT
Takeuchi et SBMA 6MWT 6MWD Construct (i)Limb Norris (i) p=0.632; P <0.001 (ii) p=  Very NA +
al.,20087™ Score  (ii)Norris 0.510; P <0.002 (iii) p= good
Bulbar score (iii) 0.557; P <0.001
and ALSFRS-R
Montes et al., SMA NA (1) Velocity (2) Construct 6MWD 1) first p= 0.966 P<0.01; last ~ Very NA +
2010% (Motion double support (3) p=0.982 P<0.01 2) first p=-  good
analysis in support base 0.357 p=0.145; last p=-0.293
CS) p=0.238 3) first p= -0.602
p=0.008; last p= -0.631 p=
0.005
Elsheikh et al., 6MWT 6MWD (i) Content (i)  Lower limbs (i)97% of  participants  Very NA +
2020% construct maximal voluntary realized the 6MWT (i) p=0.83  good
isometric (P<0.0001)
contraction
Stolte et al, 6MWD NA NA NA NA NA NA
202080
Rodriguez- 6MWD Construct 6MWD Model with hip extensorsand ~ Very NA +
Torres et al, abductors, knee flexors, ankle  good
20208 dorsiflexors and  plantar
flexors  strength  scores
explained 67% of the
variability

observed in 6MWT (beta =
0.670, P=0.003), correlation
between strength of hip
abductors and knee flexors
strength and 6MWD (p =
0.62,

P=0.001)




Montes et al., 6MWD Construct Total leg strength p=0.733; p=0.016 Very NA +

2014% measured by MMT good
Dunaway et al., 6MWD (1)Convergent (2) (1) MMT lower (1) p=0.676 p=0.002 (2) Very - +
2016% Discriminative limbs (2) 6MWT between good
validity of 6BMWT Discriminative types 3a and 3b disease
between validity of 6MWT severity was established
types 3a and 3b between (F=5.707; P=0.024)
(3)Criterion types 3a and 3b (3) (3)p=0.558; P=0.038
VO2 peak
Montes et al., 1I0MWT (i) wvelocity (i) (1) criterion (i)velocity, (1) (i) RMSE (SD) = 1.74  Very + NA
20178° stride length (iii) validity (ii)stride length and (0.83) and p=1.00 (ii) RMSE  good
initial double (iii)initial  double (SD) = 1,83 (0,80) and
support assesed by support  assessed p=0,99 (iii) RMSE (SD) =
instrumented with GaitRite 0.015 (0.004) and p=0.94
footwear
(SoleSound)
Dunaway et al., TUG TUG time Convergent (i) 1OMWT (ii) (i) p=0.691; p=0.009 (ii) p=-  Very NA +
201486 6MWT 0.514;p=0.050 (iii) p=-0.717;  good
(ili)HFMSE p=0.003 >iv) p=0.783;
(ivMMT  lower p=0.001
limbs
Bartels et al., ESWT ESWT time NA NA NA NA NA ?
2019%2
Bartels et al, ESWT time Convergent MRC knee flexion MRC knee flexion= - 89  Very NA ?
20208 validity after ESWT(P=0.011) good
Montano et al., Primary 6MWT 6MWD NA NA NA NA NA NA
20227 mitochondrial
myopathy

ALSFRS-R: Revised Amyotrophic Lateral Sclerosis Functional Rating Scale; Borg RPE-score: Borg rating perceived exertion score; CL: Confidence Limit; CMT: Charcot Marie
Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; CS: Comfortable speed; CT: cycle time; DM1: Dystrophy Myotonic Type 1; DM2: Dystrophy Myotonic Type 2; EWT:
Endurance Walking Test; FCS: FSHD Clinical Severity Score; HR: Heart rate; HSP: Hereditary Spastic Paraplegia; ICC: Intercorrelation coefficient; LGMD2: Limb Girdle Muscular
Dystrophy type 2; MMT LEXT: average lower extremity manual muscle testing score; NA: Non Applicable; NMD: Neuromuscular diseases; RSME: Root-mean-square error;
SBMA: Spinal Bulbar and Muscular Amyotrophy; SD: Standard Deviation; SEM: Standard Error Measurement; SL: Stride Length; SRPS: Spastic Paraplegia Rating Scale; SWT:
swing time; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk test.



Supplementary Table XI.—Measurement properties of the included studies in other NMDs: reliability.

Reliability
Avrticles Subtype of NMD Walking test Type of variables studied Design Results (95% CI) COSMIN  Quality
criteria
rating
Gidaro et al. FSHand LGMD2 NA (i) Median Velocity (ii) distance Inter-session ICC > 0.9 for all adequate +
2022 walked per hour (iii) 95th centile (1 month) variables
length (iv) 95th centile velocity

losa et al., 20075 FSHD NA (Motion velocity NA NA NA NA

analysis in CS)
Aprile et al, NA (Motion (1)Velocity (2) Step length NA NA NA NA
2013% analysis in CS)  (3)Stride width
Eichinger et al., 6MWT 6MWD Test-retest ICC= 0.99 (lower adequate +
201768 confidence limit 0.98)
Huisinga et al., iTUG (1) velocity (2) double support Test-retest (1) I1CC=0.99 (2) very +
2018%° ICC=0.99 good
Statland et al, iTUG TUG duration, cadence, DS NA NA NA NA
2019
Martino et al. HSP 15x7 m walkway Velocity NA NA NA NA
20197 (CS)
Claeys et al, LOPD 6MWT, 6MWD, 10MWT and TUG NA NA NA NA
2022 10MWT  and times

TUG
Vanherpe et al., 6MWT 6MWD NA NA NA NA
20207
Jacques et al. Muscular 10MWT (CS) Velocity NA NA NA NA
2018 Dystrophies
Prahm et al, NMD 6MWT 6MWD NA NA NA NA
20147
Andersen et al., 2MWT and 2MWT velocity NA NA NA NA
2016% 6MWT
Knak et al., 201777 (i)2MWT  and 2MWD and 6MWD Test-retest (1- 1CC=0.99, P<0.001, very +

(i)6MWT 2 weeks) 95% CI1[0.98-1.00] for  good

2MWT and 6MWT

Takeuchi et SBMA 6MWT 6MWD Test-retest (1 1CC=0.982 (P<0.001) adequate +

al.,2008" month)




Montes et al., SMA NA (Motion (1) Velocity (2) double support NA NA NA NA
20108%8 analysis in CS)  (3) support base
Elsheikh et al., 6MWT 6MWD Test-restest (6 1CC=0.85 adequate +
2020% weeks apart)
Stolte et al., 2020%° 6MWD NA NA NA NA
Rodriguez-Torres 6MWD NA NA NA NA
et al., 2020%
Montes et al., 6MWD NA NA NA NA
201487
Dunaway et al., 6MWD Test-restest (4 1CC: 0.992; 95% CI, very
2016% weeks apart)  0.979-0.997 good
Montes et al., 10MWT (i) velocity (ii) stride length (iii) NA NA NA NA
2017% initial double support assesed by

instrumented footwear

(SoleSound)
Dunaway et al., TUG TUG time Test-restest (4 1CC=0.948 95%CIl  very +
20148 weeks apart)  [0.838-0.985] good
Bartels et al., ESWT ESWT time NA NA NA NA
2019%
Bartels et al., ESWT time Test-restest (4 1CC=0.91 95%CI  very +
20208 weeks apart)  [0.77-0.97] good
Montano et al., Primary 6MWT 6MWD NA NA NA NA
202278 mitochondrial

myopathy

ALSFRS-R: Revised Amyotrophic Lateral Sclerosis Functional Rating Scale; Borg RPE-score: Borg rating perceived exertion score; CL: Confidence Limit; CMT:
Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; CS: Comfortable speed; CT: cycle time; DM1: Dystrophy Myotonic Type 1, DM2:
Dystrophy Myotonic Type 2; EWT: Endurance Walking Test; FCS: FSHD Clinical Severity Score; HR: Heart rate; HSP: Hereditary Spastic Paraplegia; ICC:
Intercorrelation coefficient; LGMD2: Limb Girdle Muscular Dystrophy type 2; MMT LEXT: average lower extremity manual muscle testing score; NA: Non
Applicable; NMD: Neuromuscular diseases; RSME: Root-mean-square error; SBMA: Spinal Bulbar and Muscular Amyotrophy; SD: Standard Deviation; SEM:
Standard Error Measurement; SL: Stride Length; SRPS: Spastic Paraplegia Rating Scale; SWT: swing time; 6MWD: 6-minute walking distance; 6MWT: 6-minute

walk test; 1I0MWT: 10-minute walk test.



Supplementary Table XIl.—Measurement properties of the included studies in other NMDs: measurement error.

Measurement error

Avrticles Subtype of NMD Walking test Type of variables studied Results (95% CI) COSMIN  Quality
criteria
rating

Gidaro et al. FSHand LGMD2 NA (1) Median Velocity (ii) distance NA NA NA

2022 walked per hour (iii) 95th

centile length (iv) 95th centile
velocity
losa et al., 20075 FSHD NA (Motion analysis in velocity NA NA NA
CS)

Aprile et al, NA (Motion analysis in (1)Velocity (2) Step length NA NA NA

2013% CS) (3)Stride width

Eichinger et al., 6MWT 6MWD NA NA NA

2017%

Huisinga et al., iTUG (1) velocity (2) double support NA NA NA

2018%

Statland et al., TUG duration, cadence, DS NA NA NA

20197

Martino et al. HSP 15x7 m walkway (CS) Velocity NA NA NA

20197

Claeys et al., LOPD 6MWT, 10MWT and 6MWD, 10MWT and TUG NA NA NA

20227 TUG times

Vanherpe et al., 6MWT 6MWD NA NA NA

20207

Jacques et al. Muscular 10MWT (CS) Velocity NA NA NA

20187 Dystrophies

Prahm et al., NMD 6MWT 6MWD NA NA NA

20147

Andersen et al., 2MWT and 6MWT 2MWT velocity NA NA NA

2016%

Knak et al, (1)2MWT and (ii)6MWT 2MWD and 6MWD (i) SEM=4.9 m (3.4%); MDD95=  very ?

201777 13.7 (9.3%); (i) SEM=14.0 m  good

(3.4%)

MDD95= 38.8 m (9.3%); LoA
95% CI (i) —13.9 to +22.5 m (ii) -
40.8 to+63.3 m




Takeuchi et SBMA 6MWT 6MWD NA NA NA
al.,2008™

Montes et al, SMA NA (Motion analysis in (1) Velocity (2) double support NA NA NA
20108%8 CS) (3) support base

Elsheikh et al., 6MWT 6MWD NA NA NA
2020%

Stolte et al, 6MWD SEM=55.5m very ?
20208 good
Rodriguez- 6MWD NA NA NA
Torres et al,

202084

Montes et al.,, 6MWD NA NA NA
201487

Dunaway et al., 6MWD NA NA NA
20168

Montes et al., 10MWT (i) velocity (ii) stride length (iii) NA NA NA
2017% initial double support assesed

by instrumented footwear
(SoleSound)

Dunaway et al., TUG TUG time NA NA NA
20148
Bartels et al.,, ESWT ESWT time NA NA NA
2019%
Bartels et al., ESWT time NA NA NA
20208
Montano et al., Primary 6MWT 6MWD NA NA NA
20227 mitochondrial

myopathy

ALSFRS-R: Revised Amyotrophic Lateral Sclerosis Functional Rating Scale; Borg RPE-score: Borg rating perceived exertion score; CL: Confidence Limit; CMT:
Charcot Marie Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; CS: Comfortable speed; CT: cycle time; DM1: Dystrophy Myotonic Type 1; DM2:
Dystrophy Myotonic Type 2; EWT: Endurance Walking Test; FCS: FSHD Clinical Severity Score; HR: Heart rate; HSP: Hereditary Spastic Paraplegia; 1CC:
Intercorrelation coefficient; LGMD2: Limb Girdle Muscular Dystrophy type 2; MMT LEXT: average lower extremity manual muscle testing score; NA: Non
Applicable; NMD: Neuromuscular diseases; RSME: Root-mean-square error; SBMA: Spinal Bulbar and Muscular Amyotrophy; SD: Standard Deviation; SEM:
Standard Error Measurement; SL: Stride Length; SRPS: Spastic Paraplegia Rating Scale; SWT: swing time; 6MWD: 6-minute walking distance; 6MWT: 6-minute
walk test; 10MWT: 10-minute walk test.



Supplementary Table XI1l.—Measurement properties of the included studies in other NMDs: responsiveness and feasibility.

Responsiveness

Feasibility

Avrticles Subtype of Walking  Type of variables Results (95% CI) COSMIN  Quality Outcomes Results
NMD test studied criteria
rating
Gidaro et al. FSH and NA M Median (i) change from Adequate + NA NA
2022 LGMD2 Velocity (ii) baseline at 3 months
distance walked = -2%  p=0.02;
per hour (iii) 95th SRM=0.904;
centile length (iv) p=0.017 (iii) SRM =
95th centile 1.254; P=0.025
velocity
losa et al., FSHD NA velocity NA NA NA NA NA
2007%7 (Motion
analysis in
CS)
Aprile et al., NA (1)Velocity 2 NA NA NA NA NA
2013* (Motion  Step length
analysis in  (3)Stride width
CS)
Eichinger et 6MWT 6MWD MDC95=34.3 m very good ? NA NA
al., 2017%8
Huisinga et iTUG (1) wvelocity (2) NA NA NA NA NA
al., 2018%° double support
Statland et TUG duration, TUG duration -0.6% inadequate ? NA NA
al., 2019 cadence, DS 90%CL [-5.2, 4.1],
cadence -0.2%
90%CL[-2.0,1.6] and
Double support 1.3%
90%CL[-6.7,9.1]
Martino et HSP 15x7 m Velocity NA NA NA NA NA
al. 20197 walkway
(CS)
Claeys et al., LOPD 6MWT, 6MWD, 10MWT 6WMT: decrease of inadequate ? NA NA
2022 10MWT and TUG times  83,8m at 24 months
and TUG of follow-up
(P<0,003)

no difference

in

1I0OMWT and TUG

(P>0,005)



Vanherpe et 6MWT 6MWD 6MWD: significant inadequate ? NA NA
al., 20207 decrease over years
since onset
(P=0.0002)
Jacques et Muscular 10MWT Velocity NA NA NA NA NA
al. 20187 Dystrophies  (CS)
Prahmetal., NMD 6MWT 6MWD NA NA NA NA NA
201476
Andersen et 2MWT and 2MWT velocity NA NA NA NA NA
al., 20164 6MWT
Knak et al., (H)2MWT 2MWD and NA NA NA NA NA
20177 and 6MWD
(iN6MWT
Takeuchi et SBMA 6MWT 6MWD NA NA NA NA NA
al.,2008™
Montes et SMA NA (1) Velocity (2) NA NA NA NA NA
al., 201088 (Motion double support (3)
analysis in support base
CS)
Elsheikh et 6MWT 6MWD NA NA NA % of SMA people to be able 97%
al., 20208 to realize a 6BMWT
Stolte et al., 6MWD SMA type 2 very good + NA NA
202080 MCID=71.7m, SMA
type 3 MCID=47.8m
Rodriguez- 6MWD NA NA NA NA NA
Torresetal.,
20208
Montes et 6MWD NA NA NA NA NA
al., 2014°%
Dunaway et 6MWD MDC90=24.0 very good + NA NA
al., 20168
Montes et 10MWT (i) wvelocity (ii) NA NA NA % of SMA people to be able 100%
al., 2017%° stride length (iii) to walk safely
initial double SoleSound
support assesed by
instrumented
footwear
(SoleSound)
Dunaway et TUG TUG time NA NA NA NA NA

al., 201486




Bartels et ESWT ESWT time NA NA NA (i) Reduced time to limitation (i) 50% Yes (ii)100% Yes

al., 2019%2 (ii) Measurement completion (iii)100% Yes (iv) 9.2 (7.4-10) min
(iii) Comprehensibility (iv) and muscle fatigue 7(6-9)
Acceptability

Bartels et ESWT time NA NA NA  (1)Time to limitation in SMA (1) 861, 95% CI[218-1200] (2)
al., 20208 people (Mdn (s)) (2) SMA SMA: 73.3% and Healthy controls:
versus Healthy Controls drop 0%
out (%)
Montano et Primary 6MWT 6MWD MCID=33.3m very good ? NA NA
al., 2022’®  mitochondrial
myopathy

ALSFRS-R: Revised Amyotrophic Lateral Sclerosis Functional Rating Scale; Borg RPE-score: Borg rating perceived exertion score; CL: Confidence Limit; CMT: Charcot Marie
Tooth; CMTNS: Charcot-Marie-Tooth Neuropathy Score; CS: Comfortable speed; CT: cycle time; DM1: Dystrophy Myotonic Type 1; DM2: Dystrophy Myotonic Type 2; EWT:
Endurance Walking Test; FCS: FSHD Clinical Severity Score; HR: Heart rate; HSP: Hereditary Spastic Paraplegia; ICC: Intercorrelation coefficient; LGMD2: Limb Girdle Muscular
Dystrophy type 2; MMT LEXT: average lower extremity manual muscle testing score; NA: Non Applicable; NMD: Neuromuscular diseases; RSME: Root-mean-square error;
SBMA: Spinal Bulbar and Muscular Amyotrophy; SD: Standard Deviation; SEM: Standard Error Measurement; SL: Stride Length; SRPS: Spastic Paraplegia Rating Scale; SWT:
swing time; 6MWD: 6-minute walking distance; 6MWT: 6-minute walk test; 10MWT: 10-minute walk test.



