
ORIGINAL RESEARCH

Validity and Reliability of the 32-Item Motor Function
Measure in 2- to 5-Year-Olds with Neuromuscular
Disorders and 2- to 25-Year-Olds with Spinal Muscular
Atrophy

Dylan Trundell . Stephanie Le Scouiller . Ksenija Gorni .

Timothy Seabrook . Carole Vuillerot on behalf of the SMA MFM Study Group

Received: May 30, 2020 / Published online: August 27, 2020
� The Author(s) 2020

ABSTRACT

Introduction: To investigate the validity and
reliability of the 32-item Motor Function Mea-
sure (MFM32) in individuals with neuromus-
cular disorders (NMD), including spinal
muscular atrophy (SMA), aged 2–5 years, and in
non-ambulant individuals with Types 2 or 3
SMA, aged 2–25 years.
Methods: Test–retest reliability (intraclass cor-
relation coefficient [ICC]), internal consistency
(Cronbach’s alpha [a]), convergent validity
(Spearman rank-order correlations), and
known-groups validity (analysis of covariance
comparing groups defined by the Clinical Glo-
bal Impression of Severity [CGI-S] scale and
Vignos grade) were calculated. The analysis was
performed on a dataset provided by Hospices

Civils De Lyon, extracted from the multina-
tional MFM32 database. A total of 165 individ-
uals were included in the analyses, of whom 84
were in the NMD group (aged 2–5 years) and 81
were in the SMA group (aged 2–25 years).
Results: Strong evidence of test–retest reliabil-
ity (ICC: 2- to 5-years’ population = 0.94–0.95;
2- to 25-years’ population = 0.97), internal
consistency (Cronbach’s a: 2- to 5-years’ popu-
lation = 0.96; 2- to 25-years’ popula-
tion = 0.95), convergent validity (2- to 5-years’
population: CGI-S rho = - 0.84, Vignos grade
rho = - 0.79; 2- to 25-years’ population: CGI-S
rho = - 0.49), and known-groups validity (all
P\ 0.001) were demonstrated.
Conclusions: These analyses provide support-
ive evidence of the validity and reliability of the
MFM32 in younger individuals with NMDs,
aged 2–5 years, and in non-ambulant individu-
als with Types 2 or 3 SMA, aged 2–25 years,
supporting the use of the MFM32 across a wide
age range.
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Rehabilitation, Hôpital Mère Enfant, Centre
Hospitalier Universitaire (CHU) de Lyon–Lyon
University, Lyon, France

Neurol Ther (2020) 9:575–584

https://doi.org/10.1007/s40120-020-00206-3

http://orcid.org/0000-0003-3542-8181
https://doi.org/10.6084/m9.figshare.12728270
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-020-00206-3&amp;domain=pdf
https://doi.org/10.1007/s40120-020-00206-3


Key Summary Points

This study demonstrated that the
32-item Motor Function Measure
(MFM32) is a reliable and valid measure
for assessing motor function in younger
individuals with neuromuscular disorders,
aged 2–5 years and in non-ambulant
individuals (those unable to walk) with
Types 2 or 3 spinal muscular atrophy, aged
2–25 years.

The analyses provide supportive evidence
for the use of the MFM32 across a wide age
range.

INTRODUCTION

Spinal muscular atrophy (SMA) is a progressive
neuromuscular disorder (NMD) with a broad
range of severity [1, 2]. The phenotypic spec-
trum is historically classified into four subtypes
(1–4, with 1 indicating most severe and 4 indi-
cating least severe) based on age of onset and
the maximum motor milestone achieved [1].
Due to the heterogeneity of the SMA popula-
tion, outcome measures which detect change
across the disease spectrum and differentiate
between phenotypes are essential. While the
use of such outcome measures may not be
appropriate across all SMA types, for example,
due to the severe impairment and age of
patients with Type 1 SMA (not receiving a dis-
ease-modifying therapy), it is appropriate for
those with Types 2 or 3 SMA, which reflect a
more overlapping population within the con-
tinuum of motor function impairment [3].

The 32-item Motor Function Measure
(MFM32) is a measurement of motor function
that has been shown to be valid and reliable in
individuals with NMDs aged C 6 years [4]. Prior
studies in SMA have demonstrated convergent
and known-groups validity, and responsiveness
in populations with Types 2 or 3 SMA [5, 6]. For
use in clinical trials, it is important to

demonstrate that the measure is fit-for-purpose
for use in the specific trial population.

Although a shorter version of the MFM (the
20-item MFM [MFM20]) has been used in chil-
dren\ 7 years [7], the 12 excluded items assess
functions important for daily life. In clinical
trials, the purpose of a functional scale is to
assess changes following treatment intervention
rather than to characterize cross-sectional
scores. Thus, there is a practical and conceptual
basis for inclusion of the 12 items in younger
patients in clinical trials assessing treatment
intervention, including those aged 2–6 years.

This study had two main objectives. The first
was to extend the original validation by Berard
et al. (2005) [4], by investigating the validity
and reliability of the MFM32 in patients with
NMDs, including SMA, aged 2–5 years. The
second objective was to assess the validity and
reliability of the MFM32 in a population repre-
sentative of the risdiplam SUNFISH Part 2 study
population (NCT02908685), in which the
MFM32 is the primary endpoint (i.e. in indi-
viduals with Type 2 and non-ambulant Type 3
SMA, aged 2–25 years) [8].

METHODS

Analysis Population

This study was a retrospective analysis using
data extracted from the MFM database, a
multinational database containing MFM data
collected in routine clinical practice. Two pop-
ulations were studied: (1) patients with NMD
(including SMA), aged 2–5 years; (2) patients
with Type 2 or non-ambulant Type 3 SMA, aged
2–25 years. As the study population was not
prospectively recruited, the analysis dataset
reflects a convenience sample of individuals
who provided their data to the MFM database.

Ambulatory status was defined by the clini-
cian at each visit, based on questions on walk-
ing capacities acquired and loss of ambulation
(defined as the ability to walk 10 m) or on MFM
items 28 (score of 3), 29 (score of 3), and 30
(score of 2 or 3). The earliest visit with complete
data, at which patients met the criteria for age
(both populations) and ambulatory status (2- to
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25-year age group only), was used for each
analysis, with the exception of test–retest relia-
bility, for which the two visits closest together
(with available data) were used.

Standard Protocol Approvals, Registration,
and Patient Consent

There was no protocol associated with the col-
lection of data. This study was conducted in
compliance with Good Clinical Practice guide-
lines, including International Conference on
Harmonization guidelines [9] and consistent
with the most recent version of the Declaration
of Helsinki. In addition, all applicable local laws
and regulatory requirements were adhered to
throughout the study. All participants/a pri-
mary caregiver consented to the data being used
for research activities. Ethical approval for the
conduct of these analyses was granted by
Comité d’Éthique du CHU de Lyon (No. 20–95).

Outcome Assessments

Three outcome assessments, namely, the
MFM32, the CGI-S scale, and the Vignos func-
tional grade, were included in the analysis.

MFM32
The MFM32 was used to assess motor function
ability in both populations. The 32 items of this
measure were scored using a 4-point Likert scale
[4]: 0, cannot initiate the task or maintain the
starting position; 1, performs the task partially;
2, performs the task incompletely or completely
but imperfectly (with compensatory/uncon-
trolled movements or slowness); 3, performs the
task fully and ‘‘normally’’. The MFM32 includes
three domains, with Domain 1 (D1) assessing
standing transfers and ambulation; Domain 2
(D2) assessing proximal and axial function; and
Domain 3 (D3) assessing distal function. The
raw sum score of the 32 items (range 0–96) is
then converted to a 0–100 scale, where lower
scores indicate poorer functional ability.

CGI-S Scale
The CGI-S scale is a clinician-rated measure that
evaluates overall disease severity through

assessment of the patient’s history, psychosocial
circumstances, behavior, and the impact of
symptoms on the patient’s ability to function.
The CGI-S scale was rated by the clinician in
both populations with four response options:
mild, moderate, severe, and very severe. The
CGI-S was not a mandatory assessment and thus
was not completed for all patients or at all
patient visits.

Vignos Grade
The Vignos grade is a single-item assessment of
lower extremity function, rated by the clinician
[10]. Lower limb function was assessed by Vig-
nos grade in the 2- to 5-year-old study popula-
tion only. Vignos grade has 10 response
options: 1, walks and climbs stairs without
assistance; 2, walks and climbs stairs with aid of
railing; 3, walks and climbs stairs slowly with
aid of railing ([12 s for four standard steps); 4,
walks unassisted and rises from chair but cannot
climb stairs; 5, walks unassisted but cannot rise
from chair or climb stairs; 6, walks only with
assistance or walks independently with long leg
braces; 7, walks in long leg braces but requires
assistance for balance; 8, stands in long leg
braces but unable to walk even with assistance;
9, is in wheelchair; 10, is confined to bed. Vig-
nos grade was not a mandatory assessment and
thus was not completed for all patients or at all
patient visits.

Analyses

Analyses were conducted on all patients with
available data using SAS v9.4 statistical software
(SAS Institute, Cary, NC, USA). Scoring manuals
were used to determine appropriate methods for
the handling of item-level missing data (e.g.
MFM32 missing item data were imputed as 0).
Where appropriate, the threshold for statistical
significance was P\0.05 (without adjusting for
multiplicity), and suggested thresholds of
acceptability were used to aid interpretation.

Sociodemographic Descriptive Statistics

Descriptive statistics were calculated for the
patients’ demographic characteristics (age
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[mean, standard deviation], gender, disease
[frequency and percentage by category]) in
order to characterize the sample.

Reliability

Test–Retest Reliability
Test–retest reliability was conducted to assess
the degree to which scores remain unchanged
when measuring a stable individual character-
istic on different occasions. Test–retest reliabil-
ity of the MFM32 total score was assessed by
comparing scores at two time points in
stable patients. This is a common methodology
for assessing reliability in outcome measures
intended for use in clinical trials [11]. While
short-term follow-up in all patients permits an
assessment of test–retest reliability, it offers lit-
tle in understanding how stable assessments are
over longer periods of time. Moreover, if a
patient’s condition has changed between the
two time points (regardless of length of interval
period), these two time points should not be
included in the analysis as we should expect
that their scores differ. Where there are multiple
patients fitting these criteria, a high test–retest
reliability coefficient may actually reflect a lack
of sensitivity (and, arguably, validity). Indeed,
the assessment will no longer be one of tes-
t–retest reliability. This is generally not an issue
when two time points are close together, but it
cannot be ruled out. For this reason, it is
important to select stable patients in a manner
consistent with guidance from the COnsensus-
based Standards for the selection of health
Measurement INstruments (COSMIN) initiative
[12].

Stable patients were defined as: (1) patients
in the 2- to 5-year-old population with no
change in Vignos grade between two time
points; and (2) patients with no change in CGI-
S score between two time points (both popula-
tions). Intraclass correlation coefficient model
2,1 (ICC [2,1]), a two-way, random, single-
measure analysis of variance (subject by visit)
was calculated to assess the test–retest reliabil-
ity. An ICC C 0.7 was considered to be
acceptable [13].

Internal Consistency Reliability
Internal consistency reliability was determined
to assess the extent to which items within a
scale or domain measure various aspects of the
same characteristic or construct [14]. Internal
consistency of the MFM32 was assessed by cal-
culating Cronbach’s a. A Cronbach’s a C 0.7 was
considered to be acceptable [13, 14].

Validity

Convergent Validity
The validity of a measure can be evaluated by
demonstrating its relationship (via correlation)
with other measures. The more conceptually
related the construct being measured, the
greater the correlation should be. Convergent
validity of the MFM32 total score was assessed
using Vignos grade for the 2- to 5-year-old
population, and Spearman rank-order correla-
tions with CGI-S scores were used in both pop-
ulations. Correlations[ 0.4 were anticipated.
To aid interpretation, the following thresholds
were used:\0.2, weak; C 0.2 to\0.4, mod-
est; C 0.4 to\0.6, moderate; C 0.6 to 0.8,
strong; C 0.8, very strong [15, 16].

Known-Groups Validity
The validity of a measure can be demonstrated
by its ability to discriminate between two
groups known to differ for the variable of
interest. Known-groups validity was assessed by
comparing mean total MFM32 scores via anal-
ysis of covariance (controlling for age and gen-
der) with groups defined by: Vignos grade (1–5
vs. 6–10) for the 2- to 5-year-old population and
CGI-S score (mild/moderate vs. severe/very
severe) for both populations. A significant dif-
ference (P\0.05) between the groups was
required to provide evidence of known-groups
validity.

RESULTS

Patient Demographics

A total of 165 individuals with NMDs were
included in the analyses (Table 1). The mean
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age of the participants in the 2- to 5-years’
population was 4.87 years, and there was a
higher proportion of males (64.29%). The mean
age of participants in the 2- to 25-years’ popu-
lation was 11.76 years, and there was a similar
proportion of males and females. In the 2- to
5-years’ population, a range of NMDs were
present in the patient sample, with the most
common being Duchenne muscular dystrophy
(30.95%) and SMA (20.24%) (Table 2). In the 2-
to 25-years’ population, Type 2 SMA was pre-
dominant (77.78%) (Table 1). There was a broad
range of MFM32 total scores in both subpopu-
lations (2- to 5-years’ population range
7.29–96.88; 2- to 25-years’ population range
6.25–81.25), demonstrating a wide range of
functional ability.

Test–Retest and Internal Consistency
Reliability

The mean time between assessments for tes-
t–retest reliability was 348 days for the 2- to

5-years’ population and 305 days for the 2- to
25-years’ population. An acceptable threshold
of[ 0.7 was reached for all reliability analyses
(Table 3).

Convergent Validity

All validity analyses achieved the accept-
able threshold of[0.4 for the respective tests.
The correlation between the MFM32 and the
CGI-S was very strong in the 2- to 5-years’
population (Spearman’s q = - 0.84, P\0.0001,
n = 37) compared with the modest correlation
in the 2- to 25-years’ population (Spearman’s
q = - 0.49, P\0.001, n = 51). In addition, in
the former, the correlation between the MFM32
and Vignos grade was moderate to strong
(Spearman’s q = - 0.79, P\0.0001, n = 47).
The correlations follow the expected pattern
(i.e. higher MFM scores are associated with
lower Vignos grade and CGI-S grades).

Table 1 Patient demographic characteristics at baseline in
both populations

Characteristic 2- to 25-years’
population
(N = 81)

2–5 years’
population
(N = 84)

Age, years

Mean (SD) 11.76 (5.71) 4.87 (0.95)

Min–Max 2–25 2–5

Gender, n (%)

Male 41 (50.62) 54 (64.29)

Female 40 (49.38) 30 (35.71)

Spinal muscular atrophy Type, n (%)

2 63 (77.78) See Table 2

3 18 (22.22)

MFM32

Mean (SD) 41.31 (15.49) 69.92 (20.55)

Min–Max 6.25–81.25 7.29–96.88

MFM32 32-item Motor Function Measure, SD standard
deviation

Table 2 Summary statistics of neuromuscular disease in
the 2- to 5-years’ population

Disease 2- to 5-years’
population (N = 84)

Spinal muscular atrophy Type 17 (20.24)

2 12 (14.29)

3 5 (5.95)

Duchenne muscular dystrophy 26 (30.95)

Congenital myopathy 14 (16.67)

Charcot-Marie-Tooth 6 (7.14)

Congenital muscular dystrophy 6 (7.14)

Myotonic dystrophy 4 (4.76)

Spinal-bulbar muscular dystrophy 4 (4.76)

Becker muscular dystrophy 2 (2.38)

Peripheral neuropathy 2 (2.38)

Limb-girdle muscular dystrophy 1 (1.19)

Myotonia congenita 1 (1.19)

Progressive muscular dystrophy 1 (1.19)

Values in table are presented as the number (of patients)
with the percentage of total patient group in parenthesis
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Known-Groups Validity

The results of the known-groups validity anal-
yses in both populations are shown in Fig. 1a, b.
Least square (LS) means followed the expected
pattern (i.e. less severe patients had higher
MFM32 total scores) for CGI-S groups
mild/moderate versus CGI-S groups moder-
ate/severe in both populations, and for Vignos
grade Groups 1–5 and 6–10 in the 2- to 5-years’
population. LS mean differences for CGI-S were
34.51 (95% confidence interval [CI] 25.8–43.2)
for the 2- to 5-years’ population and 25.56 (95%
CI 11.8–39.3) for the 2- to 25-years’ population
LS mean difference for Vignos grade was 39.24
(95% CI 29.9–48.6). Sample sizes in the groups
were typically small. All analyses demonstrated
significant differences (P\ 0.001) between
groups.

DISCUSSION

This study provides strong evidence of the
validity and reliability of the MFM32 total score
in younger individuals with NMDs (including
17 individuals with Type 2 or non-ambulant
Type 3 SMA) aged 2–5 years. Combined with the
analyses reported by Berard et al. (2005) [4],
there is evidence supporting the use of this scale
in individuals with NMDs, including SMA, aged
2–62 years, both in clinical practice and in
clinical studies. In addition, strong evidence of
these measurement properties has also been
provided for a Type 2 and non-ambulant Type 3
SMA population, aged 2–25 years, supporting
the use of this scale in clinical practice and
clinical studies, involving children, adolescents,
and young adults.

Evidence of MFM32 test–retest and internal
consistency reliability was demonstrated by
high ICCs associated with a subset of patients
with no change in global disease severity and
lower limb function (CGI-S and Vignos grade)
for the 2- to 5-years’ population and no change
in global disease severity (CGI-S) for the 2- to
25-years’ population. The high Cronbach’s a
results evaluated in isolation may be indicative
of item redundancy; however, in this instance
the tasks required for each of the 32 items are,
by design, sufficiently functionally distinct and,
therefore, provide additional value when eval-
uating changes in motor function (for a list of
items, see Bérard et al. 2005 [4]). The Spearman
rank correlations between MFM32 and CGI-S
followed the expected pattern in both popula-
tions with strong (2- to 5-years’ population) and
moderately strong (2- to 25-years’ population)
inverse correlations identified, thereby provid-
ing evidence of convergent validity. The
MFM32 was also able to discriminate between
groups defined by CGI-S scores (patients with
mild/moderate vs. severe/very severe global
status) in both populations and between lower
limb function (Vignos grade 1–5 vs. 6–10) in the
2- to 5-years’ population with statistical signif-
icance, providing evidence of known-groups
validity.

Although the MFM20 has been validated for
use in younger individuals aged \ 7 years [7],
the use of two different versions of the MFM in
clinical trials is challenging as changes over
time cannot be equated across populations of
different ages due to differences in the number
of items attempted, as well as the contribution
of each item to the total score (100/96 vs.
100/60 per item). Often in rare diseases (where
data may be limited), measurement properties

Table 3 Test–retest and internal consistency reliability of the total MFM32 score in both populations

Patient population Test–retest reliability (CGI-S) Test–retest reliability (Vignos) Internal consistency

N ICC (2,1) N ICC (2,1) N Cronbach’s a

2–25 years 15 0.97 – – 80 0.95

2–5 years 14 0.94 19 0.95 84 0.96

CGI-S Clinical Global Impressionof Severity, ICC intraclass correlation coefficient model, MFM32 32-item Motor
Function Measure
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are not assessed across narrow age ranges within
a population. Indeed, the sample size for the 2-
to 5-year-olds in our study with SMA was pro-
hibitive for a dedicated analysis. Of note, a
similar measure has also been used in clinical

trials in SMA, namely, the Hammersmith
Functional Motor Scale – Expanded (HFMSE),
which is considered to be valid down to an age
of 2 years based on an analysis across a popu-
lation aged 2–45 years (n = 70) [17]. The HFMSE

Fig. 1 a Known-groups validity in both populations
defined by the CGI-S scale. b Known-groups validity in
the 2- to 5-years’ population defined by Vignos score. CGI-

S Clinical Global Impression of Severity, LS Least square,
MFM32 32-item Motor Function Measure

Neurol Ther (2020) 9:575–584 581



contains items analogous to those in the 12
items excluded by the MFM20, including rais-
ing both hands to the head. Thus, the evidence
provided by our analysis of the 2- to 25-year’s
SMA population provides a level of validation
similar to other commonly used scales. In
addition, our analysis of the 2- to 5-years’ NMD
population provides a more targeted investiga-
tion of measurement properties in younger
individuals.

In the context of a clinical trial lasting over a
number of years, it is more optimal to use a
single outcome assessment to evaluate changes
over time. The use of both the MFM20 and
MFM32 scales makes it difficult to compare the
magnitude of change due to a treatment. Using
a single measure of motor function, the
MFM32, in clinical trials of SMA will allow
comparisons of scores across a broader age
range. For these reasons, the SUNFISH clinical
trial, a multicenter, two-part, randomized,
double-blind study assessing the safety and
efficacy of the survival of motor neuron 2
splicing modifier risdiplam in patients with
Type 2 or 3 SMA, aged 2–25 years, in compar-
ison to placebo, used the MFM32 as the primary
endpoint for all patients. Our study provides
supportive evidence for the use of the MFM32
in patients aged C 2 years as an alternative to a
mixed use of the MFM20 and MFM32, address-
ing the issue based on the interpretation of two
related but different scales.

STUDY LIMITATIONS

Due to the study design, there are several study
limitations to be considered. Although the 2- to
5-years’ population included patients with SMA
(20%), patients with a range of NMDs were
included in the analysis dataset. Investigation
of the measurement properties (validity and
reliability) of the MFM32 in a larger population
of patients with SMA aged \ 6 years would
provide further supportive evidence for the use
of the MFM32 total score in younger children
with SMA. Furthermore, the 2- to 5-years’ pop-
ulation contained a greater proportion of older
individuals (i.e. few patients aged 2–3 years
[15% of sample]). While this is a limitation, it is

one that applies to many scales frequently used
within NMD populations, where measurement
properties are not commonly assessed within
narrow age ranges. Indeed, despite the limita-
tions, this study provides a more targeted
assessment than those typically conducted.

Several limitations relate to the retrospective
nature of the study, including the availability
and timing of suitable variables for use in the
analysis. Data for more than one visit were not
available for many patients within the sample
(2- to 5-years’ population: 45%; 2- to 25-years
population: 75%). Additionally, the availability
of CGI-S and Vignos grade data were limited,
with no indication if the measures were missing
at random or otherwise. The known-groups
analyses assessed broad groupings (i.e. compar-
ing walkers vs. non-walkers), and future studies
would benefit from examining additional
known-groups (e.g. walking assisted, walking
unassisted, climbing stairs, etc.). Additionally,
analyses were limited by the availability of
suitable variables for assessing performance of
MFM32 in relation to, for example, upper limb
function. When considering areas for future
research, anchor- and distribution-based analy-
ses in a suitable sample (e.g. in a dataset that
includes both a suitable anchor measure and a
broad range of change in motor function)
should be conducted to estimate a meaningful
within-patient change threshold to support
interpretation of the MFM32 data.

CONCLUSIONS

These analyses provide supportive evidence for
broader use of the MFM32, with evidence of
validity and reliability both in individuals aged
2–5 years with NMDs and those aged 2–25 years
with Type 2 or non-ambulant Type 3 SMA. This
is particularly important given treatment
advances in NMDs (including ongoing and
recently completed clinical trials) and the need
for interpretable outcomes that cover both
broad functioning and age ranges.
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