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ARTICLE INFO ABSTRACT

Keywords: Facioscapulohumeral dystrophy (FSHD) is a dominantly inherited muscle-wasting condition with no approved
Facioscapulohumeral muscular dystrophy therapies. Symptom variability complicates clinical evaluation, and despite the necessity of function-based
FSHD measures to bridge research and real-world outcomes, no international consensus on a core assessment set ex-
Outcome measures . . . . . . 1os1s .

COSMIN ists. This systematic review evaluated the psychometric properties, feasibility, and comprehensiveness of pub-

lished function-based outcome measures in FSHD, to help guide late-phase trials, and clinical practice. A
systematic search of six databases with a data cut in January 2026 identified 366 studies and 51 outcome
measures, which were appraised using the COSMIN framework. The results showed that while the FSHD Clinical
Score, Clinical Severity Score, and 6-minute walk test are the most frequently utilised, no measure achieved
higher than a ‘Moderate’ rating. Most supporting evidence remains ‘Low,” with critical gaps identified for
wheelchair users and paediatric populations. Digital outcome measures showed promise for improving respon-
siveness and enabling remote assessment.Our systematic review highlights an urgent need for a consensus-based
approach to harmonize data together with international efforts such as MOVE/RESOLVE-FSHD providing direct
support to upcoming initiatives like ENMC-FSHD-outcomes- workshop and the PaLaDIn project. Such efforts will
allow researchers to enhance real-world evidence synthesis and improve success of future clinical trials.

Systematic review

1. Introduction

Facioscapulohumeral dystrophy (FSHD) is an autosomal dominant
muscular dystrophy caused by DUX4 gene de-repression, leading to
toxic DUX4 protein expression in skeletal muscle [1]. It may occur
through deletion of D4Z4 repeats with a permissive haplotype (FSHD1)
or hypomethylation involving SMCHD1, DNMT3A, or other mutations
(FSHD2), often with digenic inheritance [1]. FSHD is the third most
common form of muscular dystrophy, affecting 1:8000 to 1:20,000 in-
dividuals [2,3]. It causes progressive weakness starting in the shoulder
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girdle, face, abdomen, trunk, arms, and legs. About 70% of cases show
facial weakness progressing to scapular weakness, limiting shoulder
movement. Other phenotypes with different onset sites and progression
patterns have been described [4,5]. This heterogeneity is driven by ge-
netic and epigenetic factors [6]. The variable muscle involvement, often
asymmetric and with diverse progression, requires outcome measures to
be comprehensive. In another review of this special edition, more details
are provided on the clinical disease spectrum.

Muscle weakness over time leads to disability and difficulties with
daily activities like washing hair, reaching above shoulders, getting out
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of bed, and mobilising. Patients often report weakness affecting walking
and reaching as most impactful [7,8]. By age 50, around 20% of patients
need a wheelchair[9]. Tracking disease progression is vital for moni-
toring disease, inform patient care and support, and for clinical trials.
Due to variable progression and multiple affected domains (strength,
mobility, quality of life, fatigue, pain) [7,10,11], finding a valid outcome
measure is challenging. Detecting changes across all disease stages, from
mild weakness to wheelchair dependence, is essential, but there’s no
consensus on the best method, whether using one comprehensive mea-
sure or several.

There has been a growing emphasis on accurately assessing the
disease progression in recent years, driven by a rapid expansion of
therapeutic targets following the discovery of molecular mechanisms
underpinning FSHD [1,12]. Several options have advanced through the
drug development pipeline, with several early to late phase trials un-
derway (NCT06131983, NCT05747924, NCT05548556,
NCT07038200). However, a phase 3 trial of losmapimod was terminated
after unexpected improvements in both treatment and placebo groups,
highlighting the limitations of current outcome measures and the need
for more robust endpoints and whilst the trial length could also have
contributed to the overall outcome [13].

Efforts to identify reliable, valid, and responsive blood or muscle
biomarkers in FSHD have had limited success, although recent studies
suggest some emerging biomarkers such as KHDCIL levels [14-17].
Earlier natural history studies were generally small and showed modest
changes in muscle strength over 2-3 years, with minimal change in
timed function measures such as the 30-foot walk and 4-stair climb [9,
18]. Imaging outcomes, particularly MRI, appear sensitive to
disease-related change but may be impractical for late-phase trials and
real-world use due to their cost, technical demands, and limited feasi-
bility [17,19,20]. Consequently, several disease-specific clinician
assessed, and patient reported outcome measures have been developed,
supported by ongoing large natural history studies to establish their
validity and responsiveness [21-26]. As demonstrated in conditions
with approved therapies, such as spinal muscular atrophy (SMA),
outcome measures must be both valid across the entire spectrum of
disease severity and feasible for routine clinical practice.

Identifying validated, sensitive outcome measures to capture mean-
ingful change in FSHD poses significant challenges. This has resulted in
selecting a set of outcome measures without thoroughly examining the
supporting evidence. This review aims to fill this gap by assessing the
quality of evidence for strength assessments, clinician-rated outcome
measures, and performance-based measures in adults with FSHD using
the COSMIN framework. Secondary goals are to: [1] evaluate respon-
siveness and minimally clinically important change values; [2] review
evidence supporting measures in clinical trials; [3] assess their feasi-
bility in clinical practice; and [4] determine their ability to capture
disease heterogeneity. Our review covers all reported clinician-rated,
strength and functional measures currently used in FSHD, offering a
wider scope than previous reviews [27,28].

Systematically appraising measurement properties of available
outcome measures, this work will enhance trial readiness for FSHD and
inform registry and real-world evidence generating initiatives. This is
particularly timely given the expanding therapeutic pipeline, with
several candidate therapies advancing from preclinical research toward
clinical implementation.

2. Methods

We performed a systematic search of 6 databases (Medline Ovid,
Scopus, CINAHL, Web of Science, Embase and the Cochrane Library) on
15th March 2023, with updates to this search performed until 5th
January 2026. The protocol was registered on PROSPERO (Ref
403,808). A comprehensive search was performed with no time limits
applied. Supplementary searching was performed via hand sifting rele-
vant journal articles, citation tracking and searching for relevant grey
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literature through the use of MedRxiv and Scholar. Inclusion and
exclusion criteria are presented in Fig. 1. Our search strategy and full
details regarding the various stages of searching, sifting, and classifi-
cation of measures are presented in Supplement item 17.

We focused on functional and performance-based outcome measures
used in FSHD studies. Measures relating to domains such as pain, fa-
tigue, quality of life (QoL), and patient-reported outcome measures
(PROMs) whilst important to consider, were excluded as a more detailed
review of PROMs has been completed recently [29,30]. Function-based
instruments were defined as those that assess a combination of three
WHO ICF-11 constructs: bodily function, activity, and participation
[31]. Practically, this meant measures relating to balance, mobility,
movement, strength, and how this relates to independence and partici-
pation. Measures were sub-grouped into categories, based on the type of
outcome measure to enable comparison of performance-based, clin-
ician-rated, digital health technology, and strength measures. Measures
were evaluated using the COnsensus-based Standards for the selection of
health Measurement INstruments (COSMIN) framework, assessing risk
of bias, validity, reliability, and responsiveness [32,33] (Supplement
item 19).

Furthermore, we considered the scope and feasibility of utilising the
outcome measures in clinical care settings and clinical trials, and for
enabling post-marketing surveillance and real-world evidence synthesis.
We therefore factored in the ideal environment for the use of measures
in our appraisal (ranging from specialist research settings, to routine
clinical practice). We present separately the outcome measures used in
adults with FSHD from those used in the paediatric age group, as pae-
diatric measures pose distinct challenges due to confounding factors
such as growth and development, and potentially a more severe
phenotype at a younger age of onset. A final search of clinicaltrials.gov
was conducted on 5th January 2026 to identify additional studies into
FSHD and to identify any recently published evidence relating to
outcome measures.

Given the importance of understanding what constitutes a mean-
ingful change in an outcome measure, we extracted minimally clinically
important difference (MCID) scores, and minimal detectable change
(MDC) values when available. Where these were not published, but
sufficient data was published in extracted studies relating to reliability
and cohort tested, these values were calculated using the following
formula:

MDC90 = 1.645xSEMX\/ 2

Where available data was insufficient to calculate this value, we
searched for other published MCID values in related Neuromuscular
conditions.

In the results section we will present [1] the outcome of the sys-
tematic review and evaluation of the measures using GRADE criteria, [2]
a narrative description of the outcome measures in FSHD and [3] a
summary of the gaps in the available evidence for outcome measures.

3. Results

We found 341 studies that met the inclusion criteria, reporting on
222 individual outcome measures. During the additional review period
(2023 - 5 January 2026) 25 additional studies were added, and a single
new outcome measure was added resulting in a total of 223 outcome
measures (Fig. 2).

3.1. Outcome of the review and evaluation of the measures with the
GRADE criteria

Of the 223 outcome measures, 120 were function-based (Appendix
item 9). The flowchart in Fig. 3 shows the process for determining which
measures should be included for COSMIN appraisal.

In 149 papers meeting inclusion criteria, 18 performance measures,
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Inclusion
- Primary study

ICOSMIN analysis)

Exclusion

- Not a primary study (no reviews)

- Study protocols

- Outcome measures not clearly defined / described

Participant/population features
Inclusion
- Diagnosis of FSHD

Exclusion
- Population not FSHD
- FSHD data not reported separately in mixed cohort of participants

- Full text published in a peer-reviewed journal (for extraction of outcome measures conference presentation / abstract permitted but cannot be included in

- The use or reporting of outcome measure/s assessing physical function (clinical measures such as clinical severity score, FSHD clinical score, ROM,
strength), performance-based measures (such as timed up and go) & self-reported measures of function (such as FSHD-RODS)

- In mixed participant groups, results for subgroup of FSHD reported separately and FSHD participants represent >10% of cohort

Fig. 1. Inclusion / exclusion criteria for full text sift.

23 clinician-rated, 5 strength-testing methods, and 5 digital health
measures were identified and appraised using COSMIN analysis. Fig. 4
shows how often each measure was used.

COSMIN analysis tables were created for performance (Supplement
Table 1), clinician-rated (Supplement Table 2), digital health (Supple-
ment Table 3), and strength-based (Supplement Table 4) measures.
These include COSMIN rating and the modified GRADE scores, and
study comments, which guided instrument scoring. Details relating on
psychometric properties and practical considerations for each mea-
surement is presented in supplementary materials (Supplement Tables 9
—12 and 16).

The most used performance measures were: the 6-minute walk test
(6MWT) with 26 studies, 1120 participants; 10 m walk/run test
(10MWRT) 15 studies, 793 participants; and Timed up and Go (TUG) 11
studies, 533 participants. All measures received a ‘Low’ COSMIN rating
due to methodological issues, and inconsistent results (Table 1).

The most used clinician-assessed measures were: Clinical Severity
Score (CSS) with 19 studies; FSHD Clinical Score (FCS) with 18 studies;
and Motor Function Measure (MFM) with 12 studies (Table 2). CSS and
FCS received ratings of ‘Moderate’, while MFM, and FSHD-COM rated
‘Low’ due to issues relating to structural validity (in the case of MFM),
and limited sample size (FSHD-COM), which is likely to be addressed by
the publication of the RESOLVE study [34].

Digital health technologies were classified by type for comparison.
Reachable Workspace (RWS) was most commonly used with 8 studies
(essentially by the same group). Activity monitoring with various mo-
dalities were reported in 6 studies, gait or balance assessments reported
in 4 studies which used inertial sensors or instrumented walkways
(Supplementary Table 3). All methods scored ‘Low’, due to minor meth-
odological issues like statistical choices, inconsistent results, and small
samples (Table 3).

Strength analysis methods were grouped by type and method, and all
fixed-frame QMT studies were pooled. QMT methods using fixed-frame
were the most used across all studies (35 studies), followed by manual
muscle testing (MMT) sum score methods (20 studies). Hand grip
strength was measured in 9 studies. QMT and hand grip strength
received ‘Moderate’ ratings due to relatively strong evidence of
responsiveness and convergent validity, though some inconsistency in
results lowered scores. MMT and HHD received "Low" ratings because of
inconsistency and limited evidence respectively (Table 4). Much of the
reliability data in FSHD strength assessments come from a single 1990s
study [35], before common adoption of HHD.

An evaluation of the outcome-measures' ability to represent different
domains impacted by FSHD (comprehensiveness), the feasibility in

applying for persons with various functional states (e.g., wheelchair
users), and where published evidence was available for meaningful
change (MCID values) are summarised in Table 5 and Supplementary
Tables 6-9. Table 5 also shows that many top-rated, widely used mea-
sures assess lower limb function but are not feasible for wheelchair
users.

An evaluation of the measures' ability to represent the different do-
mains impacted by FSHD, their feasibility for persons with various
functional states (e.g., wheelchair users), and available published MCID
values are indicated in Table 5 (full details in Supplementary Tables 6 —
9). We summarised measures used in FSHD trials (Supplementary
Table 8). However early-phase trials did not publish the exploratory
outcomes used in their studies, limiting the data availability. A new
phase 3 trial of Del-Brax has chosen HHD muscle testing as the primary
outcome, with 10MWRT and TUG as secondary outcomes
(NCT07038200 - last checked 15 March 2026).

3.2. Narrative description of outcome measures in FSHD

Natural history studies and registries worldwide collect data on
FSHD to understand progression of disease and to inform care [25,34,36,
37-39]. With new clinical trials of targeted therapies in FSHD, there's
renewed debate over which outcome-measures should we use to assess
disease severity, plan care, and track changes. No single ideal measure
exists for FSHD and for many neuromuscular disorders; often, multiple
measures are needed to capture key aspects of the disease. These mea-
sures should be valid, reliable, responsive, and repeatable.

International studies like RESOLVE and MOVE are validating
outcome assessments across sites, comparing their responsiveness,
identifying meaningful changes, and determining cohort criteria. These
multi-year, multi-center studies with over 500 subjects aim to support
this effort.

3.2.1. Performance-rated outcome measures

Performance-based outcome measures have been in use since some
of the earliest natural history studies of FSHD [18], however the psy-
chometric evidence required to support any individual outcome mea-
sure remains limited.

3.2.1.1. Six-minute walk test (6MWT). The 6MWT measures the dis-
tance a patient can walk in 6 min and evaluates submaximal exercise
capacity, functional endurance, and walking ability. 6MWT has been
used in over 20 studies and validated in FSHD for reliability and validity
[40], however it has limitations like responsiveness and floor effects as
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Records identified from*:
Databases (n = 3061)
OVID - 609

SCOPUS - 1080

Web of Science - 1843
EMBASE - 753
Cochrane - 78

CINAHL - 63

Hand sift - 19

Records screened
(n =2949)

A 4

Reports sought for retrieval
(n=471)

v

Reports assessed for eligibility
(n=467)

Studies included after initial
search and sift
(n=341)

New studies published during
review period (n = 25)
Total studies included (n = 366)

Records removed before
screening:
Duplicate records removed
(n = 1458)
Duplicates identified by
EndNote (n= 1346)
Duplicates identified after
import (n=112)

Records excluded

(n =2470)

Not meeting inclusion (n=2010)
Manually identified duplicates
(n=468)

Reports not retrieved
(n =4) — unable to locate full text
for records — all prior to 1993

Reports excluded:
Not in English (n = 6)
Book chapter (n = 2)
Cadaver study (n = 1)
Response article (n = 1)
Conference abstract (n = 24)
Duplicate (n = 19)
FSHD not listed separately (n
= 6)
Not FSHD (n = 9)
No outcome measures (n =
64)
Protocol (n = 4)
Review paper (n = 8)

Fig. 2. Flowchart for identifying relevant studies.

patients lose mobility. It is susceptible to placebo or learning effects; in
the ACE-083 trial, the placebo group improved by 8.6% (about 30 m),
while the treatment group improved by 3.3% over 12 months [41].
MCID ranges from 34 m (MDC95 method) [40] to 48 m (anchor-based
method) [36]. Most observational studies reported mean changes <10 m
at 12 months [17,20,42], and 23 m at 5-years [36], highlighting a
limitation. However, a recent trial showed a 37.6 m gain at 24 weeks
with testosterone and growth hormone [43]. While not always respon-
sive in natural settings, the 6MWT remains a popular choice in research
and clinical practice due to limited options for endurance measures.

3.2.1.2. 10-metre walk/run test. The 1I0MWRT (and 30" Go) assesses
acceleration, speed and lower limb power, with high reliability (ICC
0.97) [21] and convergent validity with other function measures and
muscle MRI [44,45]. It is a feasible, accessible, and reliable test that
takes less time than longer tests like the 6MWT. The MCID is not

reported in FSHD; MDC90 is 1.58 s (calculated using published data
[21], not met in most trials [46-49], though a trial of orthoses showed
>2 s improvement [50]. It has a floor effect when ambulation is lost, and
a possible ceiling effect for those without lower limb involvement,
suggesting targeted cohort selection with thresholds such as >4 s, could
be helpful in improving responsiveness.

3.2.1.3. Other timed function tests. Many other timed function in-
struments (2-minute walk, 4-stair ascent, TUG) demonstrated reliability
between assessors and over repeated assessments, and showed conver-
gent validity with measures of severity and MRI [20,21,44,45,51]. There
was an overall lack of evidence of responsiveness, with these measures
demonstrating little change over 12-24 month follow-up in observa-
tional [18] and interventional studies [52,53]. Factors like orthoses,
walking aids, fatigue, pain, and motivation can influence performance
(Fig. 5). The relationship between function and strength is complex,
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)
c
=]
§ Outcome measures identified Outcome measures removed
= . _ —> as not function based (n =
= (from 366 studies) (n = 254)
c 134)
3
—
\4
Excluded PROM assessments (n ) PROM measures excluded (n =
=98) 22)
o \ 4
£
§ Outcome measures with
o sufficient information to analyse | ——» | Outcome measures with
? with COSMIN (n = 51) insufficient information to
appraise (n = 47):
Performance (n = 13)
Clinician (n =17)
Digital* (n = 17)
)
Outcome measures appraised by
L type**:
° Clinician rated (n = 18)
% Performance (n = 23)
£ Digital (n = 5)
Strength (n = 5)
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*Post-hoc decision to exclude technologies requiring gait-lab
** Strength and Digital methodologies pooled by type

Fig. 3. Flowchart for outcome measures analysed.

with performance sometimes remaining stable despite muscle weakness
increasing [42], or improving without strength change [54]. Most as-
sessments (66%) involved walking, limiting use in non-ambulant pa-
tients. Currently, there's no evidence to favour one timed test over others
in FSHD trials, and these should be complemented with other measures
for a comprehensive assessment [21].

3.2.2. Clinician-rated scales

3.2.2.1. Measures of disease status. Many clinician-rated measures were
used in FSHD studies (Supplement Table 2). These ranged from simple
rating scales like Brooke or Vignos, widely used severity scores like FCS
and CSS, through to more detailed composite scores.

FCS and CSS were the most supportive for disease severity evaluation
according to COSMIN (Table 5). Neither measure had strong evidence of
inter-rater reliability; CSS lacked test-retest reliability data, and FCS had
moderate inter-rater reliability (weighted kappa = 0.77). FCS demon-
strated convergent validity [15,21,55], and responsiveness to change
over 1-5 years [17,36,56]. CSS assumes a consistent pattern of
descending symptom progression, but correlates strongly with other
measures of severity and disease progression [15,57,58]. Both scores

could be used in trials, but FCS seems more comprehensive.

3.2.2.2. Motor function measure (MFM). MFM covers many domains
affected in FSHD and has the largest published ‘natural history data’
with follow-up to 6.5 years in the Dutch cohort [36,59]. Excellent
test-retest reliability has been reported (ICC=0.96-0.99), however re-
sults for the FSHD cohort were combined with a larger overall Neuro-
muscular cohort, preventing evaluation in this review [60]. MFM also
correlates well with MRI muscle fat fraction [56,61,62].

Rasch analysis revealed difficulties aligning MFM-32 with modern
psychometric methods; 14% of participants showed a ceiling effect [63],
indicating a lack of more difficult items. Similar ceiling effects are
observed in paediatric cohorts, with over 50% reaching the maximum
score [64]. An anchor-based MCID threshold of 5% has been reported,
and a threshold of 5.1% for Domain 1 (relating to mobility, standing and
transfers) [36]. Responsiveness of Domain 1 has been highlighted,
wherein total MFM score changed by —5.6% to —8%, compared to
—8.2% to —10% in Domain 1 over the same 5 year period [36,65]. A
modified version with more items and greater difficulty could better suit
FSHD .



C. Hewamadduma et al.

Clinician assessed measures™
“If n of studies <2 excluded from chart

=y
o

o

Number of studies appraised
=)

T

Neuromuscular Disorders 65 (2026) 106470

Performance measures
*If n of studies <1 excluded from chart

20

Number of studies appraised

0jllllDllD

N S NN I N R 2 90-’ q, Q*. N BN CRN
pdioo S Ve L Q@ O O L °Q Qéﬁig?q’ o @ A ‘“\" $§
O TR Ce 2 RS K o
& \§ S ® 60? \. q,\ \PAOS ‘\
Yol
E Q,e«@i‘@ & >

O £
ca o

Outcome measures

Digital measures

Number of studies appraised
FSy

Outcome measures

Strength measures

n w
o o
L L

-
o
L

Number of studies appraised

01 01 —
Q O & Q & L D P @
g & & & R I
& @ S &S &L S
O _\\%‘ *Gp 4 b\},z} QOQ Q%\o o
2 ™~ i &
&° S , (\6\“\ Q@»“b é‘@ ™
Q.& Na $\ /\;3)
S
(@\\o J ®®
N

Outcome measures

Outcome measures

Rating . Very low D Low EI Moderate

Fig. 4. Charts presenting the number of studies each outcome measure evaluated was found in use.

From top left — Plot A - Clinician rated outcomes, Plot B — Performance rated outcomes, Plot C — Digital outcomes, and Plot D — Strength assessments
Abbreviations:FSHD CS - FSHD Clinical Score, Ricci CSS — Clinical Severity Score, MFM — Motor Function Measure, Age corrected CSS — Age corrected Clinical
Severity Score, PUL2.0 — Performance of Upper Limb 2.0, FSHD-COM - FSHD Composite Outcome measure, CCEF — Comprehensive Clinical Evaluation form, 6MWT
— 6 Min walk test, I0OMWT - 10 m walk / run test, TUG — Timed up and Go, STS - Sit to stand, 2MWT - 2 min walk test, FSHD-TUG - Timed up and go starting supine,
RWS - Reachable workspace, QMT - Quantitative myometry, MMT — Manual muscle testing, HHD — Hand held dynamometry, AMS - Average Muscle Score.

3.2.2.3. FSHD composite outcome measure (FSHD-COM). The FSHD-
COM was created for FSHD to measure affected functions. Its develop-
ment and validation are reported [21], with responsiveness evaluated at
12 months [42]. It is the main function-based measure in the RESOLVE
study [34] and has an in-development paediatric version [64].
FSHD-COM had excellent test-retest reliability (ICC=0.96) and conver-
gent validity with strength tests and FCS. An MDC90 of 7 points is noted
[21]. Its responsiveness evidence is limited: a non-significant 12-month
change (0.27 points, p = 0.27) in an observational study [42], and a
significant 24-week improvement in an open-label clinical trial (—2.37
points, p < 0.01) [43]. A modified version without 6MWT and sit-up is
used in the MOVE study [25].

3.2.2.4. Clinician-rated assessments - overall. A challenge of evaluator
rated scales is that even experienced Physiotherapist evaluators can face
inter-rater reliability issues [44]. Comprehensive, regular training, use
of standardised assessment protocols, and equipment can improve

measurement precision helping to mitigate participant-related factors
(Fig. 5) and minimise measurement error [66].

Clinician-assessed outcomes covered a broader range of domains
than performance measures, with less emphasis on mobility. No gold-
standard assessment for upper limb function in FSHD exists. Among
composite scales, FSHD-COM and MFM-32 were best supported. The
FSHD-FOCUS and RESOLVE studies will help clarify their utility [34]
(NCT06911190).

3.2.3. Digital health technology measures

Digital health technology is rapidly advancing in neuromuscular
research, aiming to find sensitive measures for FSHD over shorter pe-
riods. These methodologies also have the potential to enable remote
assessment of neuromuscular patients in their own environment.

3.2.3.1. Reachable workspace (RWS). RWS captures an important
domain of function for FSHD patients, and scored higher than any other
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Table 1

Performance-related measures.

Table 1 presents the range of performance-related measures used in FSHD, each
along with the key paper for this outcome (typically the development paper or
the paper with the highest ‘n” or the most extensive psychometric evaluation).
An evaluation applying the modified GRADE criterion is presented.

Neuromuscular Disorders 65 (2026) 106470

Table 2

- Clinician-rated measures.

Table 2 presents the range of clinician-rated measures used in FSHD, each along
with the key paper for this outcome (typically the development paper or the
paper with the highest ‘n’ or the most extensive psychometric evaluation). An
evaluation applying the modified GRADE criterion is presented.

Key paper in n of studies Pooled COSMIN Key paper in n of studies Pooled COSMIN
FSHD appraised n rating FSHD appraised n rating
2MWT Knak et al., 5 139 Low Stand to sit (ordinal)  Rijken et al., 1 9 Very low
2017 2015
6MWT Eichinger 26 1120 Low Step down (ordinal) Rijken et al., 1 9 Very low
et al., 2017 2015
6MWT (peds) De Valle et al., 4 109 Low Step up (ordinal) Rijken et al., 1 9 Very low
2021 2015
10MWT / 30’ Go Eichinger 15 793 Low STS (ordinal) Rijken et al., 1 9 Very low
et al., 2018 2015
10MWT (peds) - 3 78 Very low Barthel Index - 2 49 Very low
Self-selected gait Eichinger 2 78 Very low FSHD-COM Eichinger 3 102 Low
speed et al,, 2018 etal., 2018
TUG Eichinger 11 533 Low FSHD-COM (adult- De Valle et al., 2 26 Very low
et al., 2018 version in peds 2021
FSHD-TUG Mellion et al., 2 95 Low cohort)
Pick up penny Eichinger 2 76 Very low Peds FSHD-COM De Valle et al., 1 15 Very low
et al., 2018 (peds) 2021
3-stair climb - 1 65 Very low FAC - 1 33 Very low
4-stair ascent Eichinger 4 255 Very low MFM 12 1136 Low
et al., 2018 MFM (peds) - 3 54 Very low
4-stair descent Eichinger 2 81 Very low Shoulder staging Eren et al., 1 29 Very low
et al., 2018 tool 2020
4-stair ascent/ De Valle et al., 1 52 Very low Ricci CSS Ricci et al., 19 1561 Moderate
descent (peds) 2021 1999
Supine to sit Eichinger 3 152 Very low ACCSS van Overeld 5 1018 Very low
et al., 2018 et al., 2005
Supine to stand - 1 52 Very low Ricci CSS (peds) - 3 95 Very low
(peds) AC CSS (peds) - 3 51 Very low
14 step stair test - 1 41 Very low FSHD CS Lampertietal., 18 1175 Moderate
STS (timed) Eichinger 3 145 Very low 2010
et al., 2018 FSHD CS (peds) - 5 111 Low
5X STS test - 1 40 Very low Brooke - 3 145 Very low
Drink 180 ml water ~ Personius 1 32 Very low FIM - 1 48 Very low
through straw et al., 1994 Vignos - 3 145 Very low
Don / doff coat Eichinger 2 81 Very low Facial weakness Loonen et al., 4 278 Very low
et al., 2018 scale 2021
Functional reach - 1 48 Very low SFS Demirhan 1 13 Very low
. . K . et al., 2009
Abbreviations: 2MWT - Two-minute walk test, 6BMWT — Six-minute walk test, UCLA score ) 1 5 Very low
Peds — Paediatric study, 10MWT - Ten metre walk/run test, TUG - Timed up and Constant Murley B 3 38 Very low
go, STS — Sit to stand test. Score
* Double counting cannot be excluded. PUL2.0 (elbow) - 1 92 Very low
PUL2.0 (peds) - 3 58 Very low
. . R . N . .. . Berg Balance Scale - 3 72 Very low
upper limb measure with a ‘Low’ rating. It is widely used in clinical trials AC FSHD CS i ] o7 Very low

(NCT06131983, NCT05747924, NCT05548556) and observational
studies [25,34]. It takes 10-20 min [67], and shows reasonable
convergent validity with upper limb QMT [68], and PROMs relating to
upper extremity function [68,69]. Responsiveness was reported in a
moderately affected FSHD cohort [70]. A limitation is lack of evidence
for use in wheelchair-dependent participants. Trial results using RWS
vary: a 48-week phase 2b losmapimod trial showed a small improve-
ment (1.5%) in reachable surface area (RSA) in treated participants
using a 500 g weight [71] however in Phase 3 both placebo and treat-
ment arms improved RSA at the same timepoint [13]. Natural history
studies [25,34] will help clarify responsiveness. Currently, RWS may
serve best as a secondary measure alongside others capturing different
capabilities.

3.2.3.2. Digitalisation of standard motor function measures. Modern in-
ertial sensors can detect both gait and activity metrics, with progress
made in validating their use in Neurodegenerative conditions [72-74].
Given ‘Stride Velocity 95th Centile’ (SV95C) has been approved by the
European Medicines Agency (EMA) for Duchenne Muscular Dystrophy
[75] these measures warrant further investigation in FSHD.
Instrumented assessments demonstrated evidence of reliability,
convergent validity, and responsiveness over 1-2 years [76,77], with

Abbreviations: STS - Sit to stand test, FSHD-COM - FSHD composite outcome
measure, Peds — Paediatric study, FAC - Functional Ambulation Classification,
MFM - Motor function measure, CSS — Clinical Severity score, ACCSS — Age-
corrected Clinical Severity Score, FSHD CS — FSHD Clinical Score, FIM — Func-
tional Independence Measure, SFS — Shoulder function score, PUL2.0 - Perfor-
mance of upper limb version 2, AC FSHD CS — Age-corrected FSHD Clinical
Score.

* No single validation paper in FSHD - Mul et al., 2020, Vincenten et al., 2023,
Kools et al., 2025, Teeselink et al., 2025.

* Double counting cannot be excluded.

items such as trunk sway distinguishing fallers [78]. Activity monitoring
differentiated severity groups [79,80], and responsiveness was seen in
an interventional study of cognitive behavioural therapy (CBT) and
aerobic exercise in FSHD, with significant differences in activity levels
between control and intervention groups at 28 weeks [81]. These as-
sessments can measure quantifiable changes in gait and activity in FSHD
[77,81].

An alternative is the OPENCAP system for motor function evaluation,
aiming for better accuracy and reliability. However, using two phone
cameras in a home setting is likely unfeasible [82]. Further research is
needed on the feasibility and reliability of remote assessments outside
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Table 3

Digital Health Outcomes.

Table 3 presents the range of digital measures found in use in FSHD. Due to the
large variety of methodologies applied these were grouped by type. The key
paper for this outcome in FSHD (typically the development paper, or paper with
the highest ‘n’ or largest degree of psychometric evaluation provided). An
evaluation applying the modified GRADE criterion is presented.

Key paper in n of studies Pooled COSMIN
FSHD appraised n rating
Activity monitoring - 6 213 Low
OPENCAP Ruth et al., 1 28 Low
2025
Instrumented gait &  Statland 4 64 Low
balance et al., 2019
RWS Han et al., 8 363 Low
2015

Abbreviations: RWS — Reachable Workspace.
¥ Double counting cannot be excluded.

Table 4

Strength assessment measures.

Table 4 presents the range of strength assessment measures found used in FSHD.
Due to the variety of methodologies applied these were grouped by type. The key
paper for this outcome in FSHD (typically the development paper, or paper with
the highest ‘n’ or largest degree of psychometric evaluation provided). An
evaluation applying modified GRADE criterion is presented.

Key paper(s) n of studies Pooled COSMIN
in FSHD appraised n rating
MMT sum Personius 20 1221 Low
methodologies et al., 1994
MMT individual - 7 214 Very low
muscles
MMT sum (peds) - 3 91 Very low
Quantitative muscle Personius 35 1568 Moderate
testing - fixed frame et al., 1994
Hand grip (Jamar) Personius 9 353 Moderate
et al., 1994
Pinch grip Personius 1 32 Very low
et al., 1994
HHD - 7 306 Low
HHD (peds) - 1 11 Very low

Abbreviations: MMT — Manual muscle testing, Peds — Paediatric study, HHD -
Handheld dynamometry.
* Double counting cannot be excluded.

controlled environments, which could support longitudinal FSHD
monitoring, reduce patient burden, and ease outpatient clinic flow.

3.2.4. Strength-based measures

3.2.4.1. QMT and MMT. The most common strength testing methods
were MMT and QMT using fixed-frame dynamometer, demonstrating
strong test-retest reliability [35], and convergent validity with measures
of severity and MRI [15,57,83]. MMT sum score had stronger conver-
gent validity than QMT with MRI, and FSHD-COM [21,61], but QMT
was more responsive in both interventional [52,84] and observational
studies [18,42].

QMT of single muscle groups was not very responsive when
considered from an annualised rate of change, this is because the mean
force decrease of —44 N in knee extensors was observed over a 5 year
period [36], reflecting the heterogeneous muscle wise progression seen
in FSHD [85]. Fixed-frame QMT can face practical issues such as cost,
space, and time constraints, limiting scalability [35]. Semi-fixed QMT
methods are being tested in other neuromuscular conditions like myo-
tonic dystrophy [86] but are not yet validated for FSHD.

3.2.4.2. Handheld dynamometry (HHD). Handheld dynamometry
(HHD) could be a feasible alternative to fixed QMT methods, especially
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for assessing FSHD at the individual muscle level. HHD demonstrated
convergent validity with MRI, and RWS [87,88]. However evidence
relating to its test-retest reliability in FSHD presently was limited to a
conference abstract [89]. Responsiveness data came from two studies:
the phase 2 ACE-083 trial, which saw 33% improvement in elbow
flexion with treatment and 3% worsening in placebo; ankle dorsiflexion
worsened by 5.8% with treatment and improved 8.7% with placebo
[41]. The losmapimod-OLE reported 13% improvement in right ankle
dorsiflexion, 4% worsening in the left, stability in non-dominant
shoulder strength, and 5% improvement in dominant shoulder
strength. Both trials failed to meet primary endpoints [41,90]. More
research is needed to confirm HHD's reliability in FSHD and its useful-
ness in tracking treatment response.

3.2.4.3. Handgrip strength. Handgrip strength is widely assessed in
FSHD, presumably because it is relatively simple. A small study differ-
entiated controls and FSHD patients [91]. Evidence relating to its
responsiveness is variable. Its responsiveness varies: in early albuterol
trials, handgrip improved in treated arms [52,84], but this wasn't seen in
larger studies [53]. One observational study found no change over 12
months [42]. Given earlier responsiveness to albuterol [84], handgrip
may be a responsive measure in FSHD trials.

3.3. Gaps in outcome measures in FSHD

3.3.1. Measures appropriate for non-ambulant patients

We found no measures validated in a non-ambulant FSHD cohort.
Few of the performance measures were easily accessible to individuals
who struggle to stand. Even RWS in its current configuration is unfea-
sible for most severely affected participants, as it requires them to
transfer in and out of a basic chair without armrests. Whilst RWS or a
modified version could in theory, be applied in a wheelchair the im-
plications for the validity of assessments are yet to be established.
Impairment of upper limb and trunk function has a significant impact on
the lives of FSHD patients [10] — and is likely to have a greater impact on
independence, QoL and carer burden once ambulation is lost. Therefore,
outcome measures that capture these domains with greater granularity,
those measure impact on QoL and participation are urgently needed.
Digitally instrumented upper-limb and trunk assessments have the po-
tential to enhance capture of subtle but important changes. Composite
measures such as the MFM-32 and FSHD-COM may meet some of the
needs of less mobile participants, but further research focused on their
feasibility, validity and sensitivity to change in this population is
required. Reviewing outcome measures used in other neuromuscular
disorders such as the RULM (revised upper limb module) [92] and
ATEND (Adapted test of neuromuscular disorders) [93] measures used
in non-ambulant SMA is another time-efficient strategy.

Wheelchair users with FSHD may currently be at a disadvantage due
to a lack of validated outcome measures to assess their needs, potentially
contributing to the exclusion of ‘non-ambulant’ participants from both
interventional and some observational studies [25,34]. In addition to
impacting trial eligibility this could also limit access to treatments post
authorisation, and to generating post-marketing real-world evidence in
this cohort. More inclusive observational studies such as MOVE [25],
alongside dedicated studies may be required to explore novel and
existing outcome measures. Future validation studies should explicitly
include non-ambulant participants to ensure outcome measures remain
applicable across the spectrum of FSHD severity. Little progress appears
to have been made in the past 5-years, representing a gap which needs
urgently addressing to ensure no FSHD patients are left behind.

3.3.2. Measures for paediatric patients

No measures demonstrated strong evidence in the paediatric cohort;
however much work is underway to address this [64,94]. The MFM-32,
and PUL2.0 have limitations due to ceiling effects [64,95]. Strength
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Table 5
Comprehensiveness and feasibility of different outcome measures.
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Table 5 presents an evaluation of the body region covered by each outcome assessment, their applicability to wheelchair user, and their feasibility in differing settings.

Outcome Domain assessed Applicable to Feasible in MCID / MDC
measure K R K R w/ch users? clinic
Facial & Arm Hand Trunk Proximal Distal leg Breathing .
. . . . . . setting
Bulbar function function function leg function  function function
function
Performance rated outcome measures
2MWT X X X X v v v X ? 11.5 m (MDC95(47))
6MWT X X X X v v v X ? 34.3m(36) / 37.8 m
(47) (MDC95) / 48.2
m
10 m walk/run X X X X v v ? X v 1.58s
TUG X ? X ? v v ? X v 2.14s
4-stair climb X ? ? X v v X X ? 1.25s
Clinician rated measures
FSHD-COM X v v v v v v v VR 7 (MDC90)
Motor function X v v v v v X v v Total score 5%
measure / Domain 1 5.1%
Ricci CSS (& Age  ? v X v v v X v v 0.2 points
adjusted)
FSHD CS (& Age v v v v v v X v v 0.5 points
adjusted)
Facial weakness v X X X X X X v v -
scale
Digital health technology measures
Activity X 2 X X v v X v -
monitoring
Instrumented X ? X X v v X ? v -
assessments
RWS X v X X X X X ? 0.077 (MDC90)
OPENCAP ? v ? ? v v X ? v -
Strength assessments
MMT ? v v ? v v X v v 0.12 points
Fixed frame X v v v v v X v X 17.7 N
QMT (quadriceps)
HHD X v v v v v X v v -
Grip strength X X v X X X X v v 5.73kgright /5.31kg

left

Abbreviations: 2MWT - Two minute walk test, GMWT — Six minute walk test, TUG — Timed up and go, FSHD-COM - FSHD Composite outcome measure, CSS - Clinical
Severity Score, FSHD CS — FSHD Clinical Score, RWS — Reachable Workspace, MMT — Manual muscle testing, QMT — Quantitative muscle testing, W/ch — Wheelchair,
MCID - Minimally clinically important difference, MDC90 / 95 — Minimally detectable change for the 90th or 95th centile.

" Time-consuming measures - and ideally require a > 20 m walkway/corridor,.
" Dependent on equipment,.

Dependent on individuals lower limb strength and safety transferring,.
Dependant on tasks being instrumented or monitored,.

""" Only in certain systems such as Biodex Dynamometer with appropriate attachments.

* MDC90 calculated using ICC and SD values published in Eichinger et al., 2018,.

+* Anchor-based MCID from Kools et al., 2025 study.

++F MDC90 for total RSA (using 500 g weight) calculated using ICC and SD data published by Hubig et al., 2025.

assessment may be an option, but presently the disease-specific paedi-
atric FSHD-COM appears best placed to assess this cohort. Given the
relative severity of this cohort, further validation of outcome measures is
warranted. International collaboration is ongoing, as validated paedi-
atric outcome measures are an essential component of clinical trial
readiness for this population, to help ensure paediatric FSHD patients
are not unfairly disadvantaged in gaining access to clinical trials [96].

3.3.3. Speech and bulbar function in FSHD

Despite facial weakness being a key feature of FSHD there has been
limited research on swallowing and facial function when compared to
other aspects of the disease. Assessment of oro-motor function and
swallowing is vital to ensure patient safety and to understand the impact
on their day-to-day life. Other studies investigating facial and bulbar
function in FSHD used several pre-existing measurement tools such as
orofacial examination, IOPI (Iowa oral performance instrument) and
PROMS such as SWAL-QOL, and the Facial Function Scale [24,97,98].

4. Discussion

This systematic review represents the largest and most comprehen-
sive evaluation of motor function outcome measures in FSHD to date. It
provides a timely update given the evolving FSHD clinical trials land-
scape and international efforts to harmonise real-world data collection
initiatives and highlights the lack of consensus regarding an optimal set
of outcome measures for FSHD. The COSMIN framework used in per-
forming the systematic review provided a standardised approach,
enabling an unbiased appraisal. The review also appraised feasibility of
outcome measures, and their appropriateness for use across a range of
functional states. Given the current therapeutic development pipeline in
FSHD the most pressing issues are to identify a single key measure
(primary outcome), or set of measures (co-primary outcomes) that are
responsive to change, and applicable to a broad range of severity and
functional statuses. It is unlikely that a single outcome measure proves
to be multipurpose; a range of validated measures, as in SMA, may better
reflect disease spectrum [99]. We summarise where different outcome
measures may best fit across functional states (Fig. 6). Furthermore, in
order to help clinicians and researchers navigate what might be
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Fig. 5. (Intended to publication in colour) — Non-exhaustive list of sources of variance in a 10-metre walk/run test divided into evaluator factors and participant
factors. Environmental factors may also play a role, such as the surface the test is performed on, and the busyness of the location the task is being performed, may also

impact on a participants performance.

meaningful change values or minimally detectable change in the
outcome measures appraised, we present these values, or calculated
these where sufficient published data existed (Table 5).

Many diverse outcome measures remain in use. Few had formal
validation studies in FSHD populations. Most validation evidence
related to external construct validity, inferred from correlations with
disease severity, motor outcome measures, or biomarkers such as MRI
findings. Measures like FCS, CSS, and FSHD-COM lacked evaluation
with modern psychometric methods such as Rasch analysis, which was
unsuccessful for the MFM [63]. Reliability evidence for many of the
outcome measures was confined to a few sentinel studies [21,35,40],
and evidence for responsiveness (change over time) was limited, mostly
from interventional or small natural history studies.

Our review highlights the need for consistent outcome measure se-
lection across observational, real-world, and clinical trials, due to the
lack of consensus on the best instruments to assess FSHD disease status
and progression. This lack of standardisation has led to recent FSHD
clinical trials employing disparate endpoint combinations which may
limit future cross-study comparisons and meta-analyses [28]. For
example, some employ digital measures such as RWS (NCT04003974,
NCT05397470), whilst the Del-Brax phase 3 study uses composite QMT
assessed with HHD, 10MWRT and TUG as key outcome measures
(NCT07038200) reflecting this ongoing uncertainly. Whilst it may be
argued that regulatory bodies are presented with various outcome
measures in FSHD, thereby increasing their familiarity with these
measurements, an absence of a validated FDA qualified outcome mea-
sure in FSHD necessitates that each trial independently establishes
endpoint acceptability.

4.1. Future research and other opportunities

Functional measures alone may not be enough to approve a novel
FSHD therapy. PROMs are essential for capturing the impact of the
disease and interventions on a patient’s lived experience, assessing do-
mains such as fatigue, pain, and quality of life. Capturing FSHD's effect
on informal carers is also vital [100,101]. Several FSHD-specific PROMs
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such as FSHD-HI and FSHD-RODS have been developed [22,23], with
other measures proposed in recent years (such as the Current Abilities
Scale (CAS) [26], and FSHD-SUM) [16]. In the forthcoming Phase 3 trial
of Del-Brax (NCT07038200), the Patient Global Impression of Change
(PGIC), and PROMIS physical function short form instrument were
preferred. Progress in validating MRI measures is noted, though they
may be impractical for late-phase trials and post-marketing surveillance
[17,19,20,102]. A plasma biomarker, KHDC1L has also recently been
proposed [16]. Meanwhile, the utility of instrumented assessments [77],
digital health technologies such as OPENCAP [82], artificial intelligence
(AD), and machine learning based methods warrant active exploration
and implementation. A potential approach would be to explore the
EMA-qualified digital device’s SV95C in place of the 6MWT [75]. These
methods can improve measurement sensitivity, detect disease progres-
sion and treatment effects, facilitate remote assessment, and support
decentralized trials, showing promising paths for FSHD outcome
measures.

4.2. International collaborations & consensus building

The skill and experience of evaluators performing outcome measures
is an important issue to consider. Placebo and learning effects are po-
tential confounders for any outcome measure used in clinical trials. In
several interventional trials, improvements in both MMT score and QMT
scores were seen in placebo groups at 6-12 months [52,103]. This is a
key issue to be considered when designing interventional studies in
FSHD [9]. A key component in resolving these issues is through the use
of experienced clinicians, and high quality training, as trial outcomes
depend on the skills of these evaluators [66].

Until recently a relative lack of natural history data in FSHD was a
major potential barrier to therapeutic approvals, however larger scale
natural history studies via the FSHD CTRN [25,34], and the efforts of the
Dutch cohort [36,59] have greatly enhanced our knowledge in recent
years. There is continued need for collaboration between patients and
clinicians to form consensus on what represent meaningful outcome
measures. Patient engagement in developing and selecting outcome
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Fig. 6. Figure depicting the utility of different outcome measures at different functional states, assuming traditional descending progression of disease. Green colour
indicates a measure has items appropriate to assess that disease state, yellow indicates that validation is required, or that the evidence is unclear whether a measure
can assess that disease state; red indicates that a measure cannot measure that disease state.

*PROMs: 1 FSHD-HI Short Form, 2 FSHD-RODS, 3 Current Abilities Scale, 4 NeurQoL Upper Extremity Instrument, 5 Upper Extremity Functional Instrument

CSS grade 0.5 - May report asymmetry of smile, May report dry eyes

CSS grade 1 — Mild shoulder weakness, may report no difficulties in overhead tasks

CSS grade 1 - 2 — Likely to report increasing limitations during tasks such as grooming hair, likely to report challenges reaching above shoulder level

CSS grade 2.5 - May require ankle foot orthoses, may report tripping and catching feet, may report increased difficulty ascending slopes and ramps

CSS grade 3 - Likely reports slight difficulty standing from a chair and ascending stairs, CSS grade 3.5 - 4 - May demonstrate reduced exercise tolerance, likely
requires support of arms to stand from chair, and rails to ascend stairs, may require walking aids (cane / walking stick)

CSS grade 4.5 - Likely mobile only short distances, likely dependent on bilateral walking aid, likely requires wheelchair for proportion of mobility, unlikely to be able
to stand from a chair or ascend stairsCSS grade 5 - Largely wheelchair dependent, may require support to transfer.

measures is crucial for ensuring these are relevant, accurate, and usable, collaborations between clinicians and patients such as Project Mercury
leading to better trial efficiency, greater engagement, and improved [8], EU PaLaDIn (105), and European Neuromuscular Centre (ENMC)
health outcomes. Aligning research with real-world builds trust, and workshops (106), bring together FSHD patients and clinicians to prog-
empowers patients as partners, not just subjects. This shifts focus from ress the dialogue on optimal outcome measures and trial design for
purely clinical metrics to patient-valued experiences, ensuring outcome FSHD.

measures capture what matters to patients, improving adoption of
resulting treatments (104). International initiatives involving
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4.3. Strengths / limitations

A strength of this review is its comprehensive search and use of the
COSMIN instrument to evaluate outcome measures, revealing strengths
and weaknesses. Although COSMIN offers a standardized evaluation, its
application to FSHD, a rare disease, mostly yielded "low" or “very low"
ratings. This is largely attributable to the methodological constraints of
rare disease research, particularly where changes occur in a heteroge-
neous muscle-wise fashion, making overall patterns of change slow to
emerge at a population level [36,85]. This either requires large sample
sizes, longer follow-up periods, or highly targeted patient subgrouping,
to see meaningful change in 1-2 year follow-up periods. A potential
limitation of the COMSIN methodology is that it evaluates measurement
properties, but does not directly capture the relative importance of
different functional domains from a patient perspective. Combining
function-based assessments with patient-reported outcomes is vital in
selecting measures. The comprehensive evidence synthesis presented in
this review will aid efforts to establish a core data set for FSHD through
international collaboration, to harmonise the outcome measure space in
FSHD.

4.4. Final considerations

With multiple therapeutic candidates advancing through clinical
development, the FSHD community faces a pivotal moment where reg-
ulatory approval hinges on providing robust, convincing evidence of
functional benefit. The lack of consensus on outcome measure selection
has fragmented the outcome selection across regions and trials. Estab-
lishing an international core outcome set, that is easy to use, digital, and
performable in the long-term at the outpatient clinic level, represents
one of the most critical next steps in FSHD clinical research. This will
harmonise trial endpoints, enabling robust meta-analyses, satisfying
regulatory and cost-analyses requirements, and support standardised
post-marketing surveillance for long-term efficacy and patient safety
evaluations. Our review will set the base to develop such a global
consensus that is pivotal in translating scientific innovation into thera-
pies that will deliver affordable and measurable improvements in the
daily lives of individuals living with FSHD.
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