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Abstract: Congenital muscular dystrophies (CMDs) are a heterogeneous group of genetic neuro-
muscular disorders. They usually occur at birth or in early childhood, with delayed acquisition
of motor milestones, and diffuse muscle weakness. A dystrophic pattern is evident on the muscle
biopsy. They are highly variable both in terms of severity and clinical evolution and in terms of
pathogenetic biochemical mechanisms. The aim of this review is to collect and summarize the current
knowledge of motor function in pediatric patients with congenital muscular dystrophies and the
instruments used to assess it. This scoping review was conducted using the methodology of PRISMA
(extension for Scoping Reviews, PRISMA-ScR). Two databases were queried from January 2002 to
November 2022. Articles were identified based on title and abstract. Full-text papers published in
peer-reviewed English-language journals were selected. It emerged that motor functional aspects
are still underinvestigated in CMD patients, probably due to the rarity of these conditions and the
phenotypic variability. The scales used to assess motor function are heterogeneous, as are the age
groups considered. Finally, the predominant type of research design is cross-sectional; few studies
analyze the progression of motor function over time. All these factors make it difficult to correlate
the results of different publications and stress the need for more accurate and shared protocols for
assessing motor function in these patients.

Keywords: congenital muscular dystrophies; motor outcome measures; motor function; natural
history; motor assessment

1. Introduction

Congenital muscular dystrophies are a heterogeneous group of rare neuromuscu-
lar disorders. The overall prevalence of CMD is estimated at between 0.6–0.9 cases per
100,000 births. By definition, onset is usually at birth or in early childhood [1]. Suspi-
cion of CMD in later life may be due to the presence of mild or previously overlooked
symptoms [2].

Common symptoms of the various forms of CMD are early muscle weakness, hypo-
tonia, and joint contractures. These features may be more or less prominent. The typical
floppy infant presentation may be observed in severe cases; in milder cases, antigravity
movements of the limbs may be preserved, with greater impairment at the axial level. Joint
contractures may sometimes be associated with ligamentous laxity and may be more or
less diffuse.

In the advanced stages of the disease, cardiac and respiratory failure may occur. Brain
involvement may also be present, usually manifesting as an intellectual disability [2].
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Differential diagnosis in children with suspected congenital muscular dystrophy or
congenital myopathy is determined by clinical features, age of onset, and inheritance
pattern [3].

Congenital muscular dystrophies are characterized by dystrophic components on
muscle biopsy [4]. However, heterogeneity in findings at biopsy has blurred the distinctions
between disorders once thought to be distinct.

Today, with improved sequencing technology, genetic testing is the gold standard, as
it speeds up the diagnostic process and reduces costs [3]. Thirty-seven genes are currently
associated with congenital muscular dystrophy phenotypes. The most common types are
collagen VI-related disorders (12–19%), dystroglycanopathies (12–25%), laminin-alpha2-
related dystrophies (10–37%), and selenoprotein N (11.65%). Fukuyama CMD is the most
prevalent form of CMD in Japan [5].

Although advances in research have improved the understanding of the disease
mechanisms, there is still no commonly accepted approach to the treatment and care of
CMD patients. The causes could be attributed to the rarity of the diseases and the great
variability of clinical phenotypes.

In this scoping review, the current knowledge of the natural history and trends of
motor function in pediatric patients with congenital muscular dystrophy is collected and
summarized. In addition, the assessment tools used to describe motor function according
to the form or stage of the disease are also described.

Collecting and sharing data on disease trajectories using longitudinal studies could
add significant information to what is currently available. Therefore, we aim to make the
scientific community aware of the lack of data and the future efforts needed to increase
evidence, also considering possible innovative drug treatments.

2. Materials and Methods
2.1. Protocol and Registration

The PRISMA methodology for scoping reviews was employed to conduct the review.
The results are presented following the Preferred Reporting Items for Systematic reviews
and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist [6].

No a priori protocol was registered. Additional information about the process can be
obtained from the corresponding author on request.

2.2. Inclusion Criteria

The inclusion criteria were categorized according to the scheme Population, Concept,
and Context (PCC) recommended by the Joanna Briggs Institute for scoping reviews [7].

2.3. Population

We searched for articles including descriptions of motor function in patients with con-
genital muscular dystrophies (CMD), including alpha-dystroglycanopathies, Emery–Dreifuss
muscular dystrophies, collagen VI-related dystrophy, and Merosin-deficient congenital mus-
cular dystrophies. For this review, we did not consider non-congenital dystrophies and other
neuromuscular disorders. We included articles that focused on pediatric populations.

2.4. Concept

We selected articles that analyzed and described motor function and its progression
over time.

2.5. Context

No cultural, geographical, race, or gender-specific limits were considered for our review.
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2.6. Information Sources

We considered articles available from 2002 to November 2022. Selected keywords
were combined to create search strategies, adjusted for each screened database.

Articles were searched in the following databases: PubMed/MEDLINE, Embase.

2.7. Search Methods

We used a combination of Medical Subject Headings (MeSH) and free text (where
terms were not present in the MeSH Database) to search the entries.

In consultation with a librarian from the Federated Library of Medicine (BFM) at
the University of Turin, we developed a working framework for a search strategy (see
Appendix A).

The Appendix A show the search process (search strings) used to retrieve the final
articles from PubMed/MEDLINE and Embase. References from relevant articles were
searched for the inclusion of additional papers not previously identified through the
systematic search.

2.8. Level of Evidence and Qualitative Analysis of Eligible Articles

The quality of the eligible articles was assessed according to the levels of evidence
established by the JBI. The qualitative assessment was performed by two authors (I.C. and
F.R.) independently. All selected papers are case series so the level of evidence is 4b.

3. Results

A total of 16 articles focusing on motor outcome measures in pediatric patients with
congenital muscular dystrophies were included in the review after selection.

There were specific articles on collagen VI-related dystrophies (COL6-RD) (n = 2),
Fukuyama congenital muscular dystrophies (FCMD) (n = 2), laminopathies or LMNA-
related congenital muscular dystrophies (LMNA-RD) (n = 1), LAMA2-related (Merosin-
deficient) congenital muscular dystrophies (LAMA2-RD) (n = 2), SEPN1-related myopathies
(SEPN1-RM) (n = 2), and a-dystroglycanopathies–FKRP mutations (FKRP) (n = 1), as well
as other articles in which different pathologies were analyzed (n = 6).

3.1. Selection of Sources of Evidence

The articles were examined by two authors (I.C. and F.R.), and eligibility for inclusion
was determined independently; in the case of discordant opinions between the reviewers,
the eligibility of the article was discussed until consensus was reached.

Articles were initially screened based on titles and abstracts according to the popu-
lation, concept, and context elements previously described. Duplicates were identified
and removed. Only full-text papers published in peer-reviewed journals and English were
selected. A total of 2690 articles were found: 912 in PubMed/MEDLINE, 1788 in Embase
(see Figure 1). The flowchart of the selection of evidence is shown.

3.2. Synthesis of Results
3.2.1. Studies in Patients with COL6-RD Diseases

The data were grouped according to the type of congenital muscular dystrophy.
Articles including different forms were grouped in a separate table. For each article, the
author, year of publication, type of congenital muscular dystrophy, instruments used for
the evaluation, and results are reported.
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Figure 1. Flowchart of selection of sources of evidence.

We found two articles regarding motor outcomes in patients with COLVI-RD. The
details of each article are reported in Table 1.

Table 1. Motor outcome measures in patients with COL6-RD (UCMD: Ullrich congenital muscular
dystrophy, BM: Bethlem myopathy; COL6-RD: collagen VI-related dystrophies; MFM32: Motor
Function Measure; 6 MWT: 6 min walk test; NSAA: North Star Ambulatory Assessment; LoA: Loss
of Ambulation).

Authors, Year Study Design Type of
CMD

Sample
(Size, Sex, Age) Assessment Results

Yonekawa et al.,
2013 [8]

Case series
Cross-sectional UCMD n = 33; 18 F/15 M;

11 ± 6.6 years
Clinical

assessment

Head control, sitting, and
independent ambulation were
completed at median ages of

4 months, 9 months, and
18 months, respectively.

Independent sitting and
walking: 81% (25/31).

LoA: 8.8 ± 2.9 years (n = 11).
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Table 1. Cont.

Authors, Year Study Design Type of
CMD

Sample
(Size, Sex, Age) Assessment Results

Natera-de et al.,
2021 [9]

Case series
Cross-sectional

COL6-RD n = 119; 57 F/62 M;
5–73 years

MFM32, 6MWT,
NSAA, timed
function tests.

UCMD n = 38; 5–34 years

MFM32: 44.17 (±17.4).
NSAA: 1.8 (±4.4).

6MWT: 27.5 (±72.6).
LoA 22/30—range of ages

4–15 years; 8/38 never achieved
independent ambulation.

Intermediate
COL6-RD n = 35; 6–48 years

MFM32: 62.47 (±15.17).
NSAA: 10.7 (±8.9).

6MWT: 257.2 (±169.8). LoA
8/35—range of ages 6–12 years.

BM n = 46; 5–73 years

MFM32: 79.72 (±12.23).
NSAA: 21.9 (±8.4).

6MWT: 442.3 (±106.5). Range
of ages at LoA (y): all ambulant.

3.2.2. Studies in Patients with LMNA-RD

We found one article regarding motor outcomes in patients with LMNA-RD. The
details of the article are reported in Table 2.

Table 2. Motor outcome measures in patients with LMNA-RD (EDMD: Emery–Dreifuss muscular
dystrophy, LoA: Loss of Ambulation).

Authors,
Year

Study
Design Type of CMD Sample

(Size, Sex, Age) Assessment Results

Fan et al.,
2021 [10]

Case series
Cross-sectional

LMNA-RD
mutations n = 84

Clinical
assessment

LMNA-related
congenital
muscular
dystrophy

n = 41;
6.5 (1.5–16.0) years

Independent walking: 14 subjects.
LoA: 7 patients

(4.5 years; 3–6 years).
Spinal deformities: 23 (56.1%).

Contractures: 21 (51.2%).

EDMD n = 32;
10.6 (1.5–43) years

Independent walking: all subjects.
Spinal deformities: 17 (53.1%).

Contractures: 24 (75.0%).

3.2.3. Studies in Patients with LAMA2—CMD

We found two articles regarding motor outcomes in patients with LAMA2-CMD. The
details of the articles are reported in Table 3.
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Table 3. Motor outcome measures in patients with LAMA2-RD (KAFO: Knee–Ankle–Foot Orthosis).

Authors, Year Study
Design

Type of
CMD

Sample
(Size, Sex, Age) Assessment Results

Zambon et al.,
2020 [11]

Case
Series

Longitudinal

LAMA2-RD

n = 46; 25 F/21 M;
The median age at first

and last assessment
was 2 years and

12.1 years, respectively
(range 0.1–14.8 and

12.1–22.7 years)

Clinical
assessment

Analysis of longitudinal data demonstrated
a linear yearly rate of increase of 6.6◦ for right

elbow flexion and 3.1◦ for knee
flexion contractures.

LAMA2-RD
with

complete
laminin
alpha

2 deficiency
(CD)

n = 42

Motor delay: 42/42 subjects.
Independent sitting (in months): mean 13.6,

median 12 (range 6–40). Independent walking:
1 subject. Walking with support ± KAFO:

5 subjects. Standing with support: 3 subjects.
Scoliosis (median age of onset, years; range):

36 subjects (6.3; 1.9–14.8).
Scoliosis surgery (median age at surgery, years;

range): 9 subjects (11.6; 7.7–13.5).
Contractures—Right elbow flexion
contractures >30◦ were observed in

26/34 (76%) subjects at a median age of
6.7 years and >60◦ in 18/34 (5%) subjects at

a median age of 8.7 years.
Long finger flexor contractures were reported

in 30/42 (71%) CD subjects.

LAMA2-RD
with partial

laminin
alpha

2 deficiency
(PD)

n = 4

Motor delay: 4/4
Independent sitting (in months): mean 10.3,

median 10.1 (8.1–13.1). Independent walking:
2 subjects. Walking with support ± KAFO:

2 subjects. Standing with support: 0
Scoliosis: 1 subject.
Scoliosis surgery: 0.

Contractures—No subjects had right elbow
contractures >30◦.

Long finger flexor contractures were reported
in 2/4 (50%) subjects.

Tan et al.,
2021 [12]

Case
Series

Cross-sectional

LAMA2-
CMD

n = 116; 44 F/72 M;
Age of last follow-up:

6.4 (0.3–27.3) years

Clinical
assessment

Head control: 76.3% (87/114)—(65 achieving
after 4 months old) at a median age of

6.0 months (2.0–36.0 months).
Independent sitting:

92.6% (100/107)—(51 achieving after
10 months old) at a median age of

11.0 months (6.0–36.0 months).
Independent ambulation over 1.5 years old:
18.4% (18/98)—(14 achieving after 18 months

old) at a median age of
27.0 months (18.0–84.0 months).

Regression of motor function: 31.2%
(34/109)—Head control (n = 7), rolling (n = 9),
independent sitting (n = 17), and ambulation

(n = 9) at median (range) ages of 9.8 (6.8–11.0),
6.0 (3.8–12.0), 8.0 (4.1–19.0), and
8.0 (1.7–11.0) years, respectively.

Spinal deformity: 48% (54/111). Scoliosis
occurred in 40.5% (45/111) at a median age of
6.0 years (0.5–12.0 years) and lordosis occurred

in 8.1% (9/111) at a median age of
3.0 years (2.0–7.0 years).

Contractures in 109 patients involved the
knees at first, then the ankles, elbows, and
hips in sequence. They progressed rapidly
during ages 6–9 with rates of 82.6%, 73.9%,

69.6%, and 43.5%, respectively.



Appl. Sci. 2023, 13, 1204 7 of 18

3.2.4. Studies in Patients with FCMD

We found two articles regarding motor outcomes in patients with FCMD. The details
of the articles are reported in Table 4.

Table 4. Motor outcome measures in patients with FCMD (FCMD: Fukuyama; GMFM: Gross Motor
Function Measure; HMFS: Hammersmith Motor Function).

Authors, Year Study Design Type of CMD Sample
(Size, Sex, Age) Assessment Results

Harada et al.,
2022 [13]

Case series
Cross-sectional

Fukuyama—
FCMD

n = 13; 5 F/8 M;
1–17 years
(mean 9.6)

The Upper Limb
Function Measure

of Muscular
Dystrophy,

GMFM, HFMS

The group of patients scoring ≤5 on the Upper
Limb Function Measure of Muscular Dystrophy

showed significantly lower HMFS (p = 0.018)
and GMFM (p = 0.020) scores than patients

scoring ≥6.

Ishigaki et al.,
2018 [14]

Case series
Cross-sectional

Fukuyama—
FCMD

n = 207;
103 F/104 M;

0–42 years
(mean 6)

Clinical
assessment

Phenotype—severe 79 (38%), typical 102 (49%),
mild 22 (11%), unknown 4 (2%).
Maximum motor development

Severe—without head control: 37 subjects (18%);
with head control: 42 subjects (20%).

Typical—sitting without support: 49 subjects
(24%); sliding on the buttocks: 53 subjects (26%).
Mild—crawling: 6 subjects (3%); walking with

support: 5 subjects (2%); walking independently:
5 subjects (2%); climbing stairs: 6 subjects (3%).

Maximum motor development over age
5 years (N = 114)

Severe—without head control: 8 (7.0%);
with head control: 12 (11%).

Typical—sitting without support: 23 (20%);
sliding on the buttocks: 46 (40%).

Mild—crawling: 14 (12%); walking with support:
3 (2.6%); walking independently: 4 (3.5%);

climbing stairs: 4 (3.5%).

3.2.5. Studies in Patients with SEPN1-RM

We found two articles regarding motor outcomes in patients with SEPN1-RM. The
details of the articles are reported in Table 5.

Table 5. Motor outcome measures in patients with SEPN1-RM (SPN1-RM: SEPN1-related myopathies
HFMS: Hammersmith Motor Function).

Authors, Year Study Design Type of
CMD

Sample
(Size, Sex, Age) Assessment Results

Silwal et al.,
2020 [15]

Case series
Cross-sectional

SPN1-RM

n = 60; 31 F/29 M.
Age range at last

assessment: 2–58 years
(median 15 years,
mean 16.5 years)

Clinical
assessment

Independent walking: 50/60 patients (83%)
(median age at last evaluation: 14 years; range
2.5 to 36 years). Four patients were only able
to take steps indoors by holding furniture or

walking with assistance. LoA: 8/50.
Scoliosis: 45/60 (75%). Median age at onset of

scoliosis: 12.1 years.

Case series
Longitudinal

n = 25; 13 F/12 M.
Age range at last

assessment:
2.5–24 years

(median 14 years)

HFMS

HFMS: estimated annual change was −0.55;
of timed 10 m walk, 0.16 s; of timed rise from

floor sitting, 0.86 s; and of timed rise from
floor lying, 0.87 s.

Spinal stiffness: 21/25 (84%) at a median age
of 10 years (range 2.0–15.6 years).

Villar-
Quiles et al.,

2020 [16]

Case series
Cross-sectional SPN1-RM

n = 132;
50,8% F/49.2% M;

2–58 years
(mean 18.2 ± 11.8)

Clinical
assessment

Delayed motor milestones: 79/97 (81.4%).
Poor head control: 56/97 (57.7%). Delayed

gait acquisition: 31/97 (32%).
Spinal stiffness: 86/98 (87,8%).

Scoliosis: 87/101 (86,1%).
Contractures: 64.4% of cases; Achilles tendon

(57.4%), hip flexors (50%), elbows (35.2%),
or knees (31.5%).
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3.2.6. Studies in Patients with FKRP Mutations

We found one article regarding motor outcomes in patients with FKRP mutations. The
details of the article are reported in Table 6.

Table 6. Motor outcome measures in patients with FKRP mutations (6MWT: 6 min walk test; MHFMS:
Modified Hammersmith Motor Function; PEDI: Pediatric Evaluation of Disability Inventory; PUL:
Performance of Upper Limb; TFTs: timed function tests).

Authors, Year Study
Design

Type of
CMD

Sample
(Size, Sex, Age) Assessment Results

Gedlinske et al.,
2020 [17]

Case series
Longitudinal

FKRP
mutations

n = 30; 10 F/20 M.
Age at last visit:

14.1 years
(11.8–18.1)

Myometry,
6MWT, MHFMS,
PEDI, PUL, TFTs.

Mean annual change in tests of motor function:
Strength test: elbow flexion 0.80 (0.08 to 1.52);
elbow extension 0.86 (0.31 to 1.42); shoulder
abduction 0.47 (0.04 to 0.91); knee extension

0.78 (−0.84 to 2.40); knee flexion 1.23 (−0.19 to
2.66); hand grip 3.29 (1.23 to 5.35). 6MWT:
−23.41 m (−40.50 to -6.31). MHFMS: −0.65

(−0.90 to −0.39). PEDI: −1.33 (−3.47 to 0.08).
PUL: -0.55 (−1.36 to 0.25). Timed function tests:
10 m walking speed −0.16 m/s (−0.22 to −0.10);

climbing stairs −0.13 steps/s (−0.18 to 0.07);
arising from supine position −0.03 rise/s

(−0.04 to −0.02).

Homozygous
C.826 > A

n = 6; 2 F/4 M.
Age at last visit:

17.3 years
(14.5–18.1)

Mean annual change in tests of motor function:
Strength test: elbow flexion 2.77 (1.66 to 3.88);
elbow extension 2.16 (1.32 to 3.00); shoulder

abduction 1.24 (0.58 to 1.90); knee extension 5.27
(3.16 to 7.37); knee flexion 3.60 (1.52 to 5.69).

6MWT: 19.03 m (0.21 to 37.86). MHFMS: −0.11
(−0.57 to 0.35). PEDI: 2.79 (0.12 to 5.45). PUL:
−0.21 (−4.34 to 3.92). Timed function tests:

10 m walking speed −0.03 m/s (−0.11 to 0.05);
climbing stairs −0.01 steps/s (−0.09 to 0.07);

arising from supine position
−0.01 rise/s (−0.03 to 0.00).

Other FKRP
genotypes

n = 24; 8 F/16 M.
Age at last visit:

13.7 years
(11.2–17.9)

Mean annual change in tests of motor function:
Strength test: elbow flexion 0.16 (−0.48 to 0.80);
elbow extension 0.39 (−0.12 to 0.91); shoulder
abduction 0.12 (−0.32 to 0.55); knee extension
−0.69 (−1.92 to 0.53); knee flexion 0.28 (−1.12 to

1.67). 6MWT: −35.53 m (−47.50 to −23.66).
MHFMS: −0.90 (−1.18 to −0.62). PEDI: −2.94

(−4.26 to −1.62). PUL: −0.84 (−2.48 to 0.79).
Timed function tests: 10 m walking speed
−0.20 m/s (−0.25 to −0.15); climbing stairs
−0.17 steps/s (−0.22 to −0.12); arising from

supine position −0.04 rise/s (−0.05 to −0.03).

3.2.7. Studies in Patients with Various Forms of CMD

We found six articles regarding motor outcomes in patients with various forms of
CMD. The details of the articles are reported in Table 7.
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Table 7. Motor outcome measures in patients with congenital muscular dystrophies (MFM32: Motor Function Measure; Jebsen: Jebsen–Taylor Hand Function Test;
QUEST: Quality of Upper Extremity Skills Test; HHD: Hand-Held Dynamometry; 6MWT: 6 min walk test; HFMS: Hammersmith Motor Function; NSAA: North Star
Ambulatory Assessment; TFTs: timed function tests).

Authors, Year Study Design Type of CMD Sample
(Size, Sex, Age) Assessment Results

Jain et al.,
2019 [18]

Case series
Longitudinal

n = 47; 4–22 years
MFM32, quantitative

strength testing,
goniometry

measurements.

Total MFM32 scores for COL6-RDs and LAMA2-RDs decreased at a rate of 4.01 and
2.60 points, respectively, each year (p < 0.01). All muscle groups, except for elbow

flexors for individuals with COL6-RDs, decreased in strength between 1.70%
(p < 0.05) and 2.55% (p < 0.01). Range-of-motion measurements decreased by 3.21◦

(p < 0.05) in the left elbow each year in individuals with LAMA2-RDs and 2.35◦

(p < 0.01) in right knee extension each year in individuals with COL6-RDs.

COL6-RD n = 23

LAMA2-RD n = 24

Vuillerot et al.,
2014 [19]

Case series
Cross-

sectional

n = 42; 19 F/23 M;
5–19 years

NM-Score classification,
MFM32, ACTIVLIM,
Brooke scale, Jebsen,

myometry.

MFM32: Standing position and transfers (D1): 24.0 (±26.6). Axial and proximal
motor function (D2): 65.8 (±30.0). Distal (D3): 81.0 (±22.1).

ACTIVLIM (D1): −1.13 (±2.9).
Brooke Upper Extremity Scale: 1 (1–5)

Jebsen: writing 45.6 (±49.3); cards 19.3 (±29.4); small objects 24.2 (±30.6); feeding
27.4 (±30.9); checkers 9.9 (±12.7); light objects 27.9 (±47.7); heavy objects 48.8±61.0.

Myometry: hip abduction 18.6 (±19.4); knee extension 19.5 (±12.3); elbow
extension 16.1 (±11).

LAMA2-RD n = 18; 10 F/8 M;
9.3 ± 2.4 years

Ambulant: 10%
The NM-Score classification: Standing position and transfers (D1): 3 (2–4); axial

and proximal motor function (D2): 2 (1–4); distal (D3): 2 (0–3).

COL6-RD n = 20; 8 F/12 M;
12.7 ± 3.8 years

Ambulant: 55%
The NM-Score classification: Standing position and transfers (D1): 2 (1–4); axial

and proximal motor function (D2): 1.5 (0–4); distal (D3): 1.5 (0–2).

Undiagnosed
CMD

n = 4; 1 F/3 M;
8.5 ± 0.5 years

Ambulant: 100%
The NM-Score classification: Standing position and transfers (D1); 1 (0–2); axial

and proximal motor function (D2): 1 (0–1); distal (D3): 1.5 (0–3).
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Table 7. Cont.

Authors, Year Study Design Type of CMD Sample
(Size, Sex, Age) Assessment Results

Bendixen et al.,
2017 [20]

Case series
Cross-

sectional

COL6-RD n = 22; 9 F/13 M;
7–19 years

MFM32, Jebsen, QUEST,
HHD, goniometry,

MyoGrip, MyoPinch,
and MoviPlate.

MFM32: mean 55.27
MFM32 distal (D3): mean 17.5

Jebsen: non-dominant: mean 161.83;
dominant: mean 128.34.

QUEST: dissociated movements: mean 92.00; grasp: mean 91.25; weight bearing:
mean 65.04; protective extension: mean 57.51

Myometry: elbow flexion ND mean 29.33; elbow flexion D: 30.59; elbow extension
ND: 18.85; elbow extension D: 18.73.

Goniometry: elbow extension ND: −38.68; elbow extension D: −40.27.
Myoset tools: MyoGrip: 5.95; MyoPinch: 2.55; MoviPlate: 56.95.

LAMA2-RD n = 20; 9 F/11 M;
5–15 years

MFM32: mean 37.15
MFM32 distal (D3): mean 13.1

Jebsen: non-dominant: mean 301.25; dominant: mean 261.10.
QUEST: dissociated movements: mean 80.78; grasp: mean 86.10; weight bearing:

mean 63.54; protective extension: mean 53.50
Myometry: elbow flexion ND mean 16,40; elbow flexion D: 15.52; elbow extension

ND: 9.68; elbow extension D: 10.00.
Goniometry: elbow extension ND: −54.00; elbow extension D: −55.60.

Myoset tools: MyoGrip: 2.48; MyoPinch: 0.97; MoviPlate: 38.56.
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Table 7. Cont.

Authors, Year Study Design Type of CMD Sample
(Size, Sex, Age) Assessment Results

Vuillerot et al.,
2014 [21]

Case series
Cross-

sectional

Total CMD n = 191; 83 F/86 M;
14.8 ± 11.0 years

MFM32

Ambulant 56.8%
MFM32: total 60.5 ± 24,8.

Standing position and transfers (D1): 37.2 ± 32.3; axial and proximal motor
function (D2): 73.1 ± 27.1; distal (D3): 81.6 ± 20.4.

LAMA2-RD n = 43; 20 F/16 M;
12.2 ± 7.7 years.

Ambulant 48%
MFM32: total 49.7 ± 28.3.

Standing position and transfers (D1): 21.3 ± 29.9; axial and proximal motor
function (D2): 62.1 ± 32.9; distal (D3): 71.1 ± 26.2.

COL6-RD n = 100; 48 F/46 M;
16.1 ± 12.0 years.

Ambulant 58.3%
MFM32: total 64.6 ± 21.7.

Standing position and transfers (D1): 41.4 ± 31.5; axial and proximal motor
function (D2): 78.6 ± 23.1; distal (D3): 87.1 ± 15.2.

Abnormal
glycosylation

of
dystroglycan

n = 8; 4 F/4 M;
12.8 ± 6.6 years.

Ambulant 62.5%
MFM32: total 65.6 ± 32.6.

Standing position and transfers (D1): 54.2 ± 35.1; axial and proximal motor
function (D2): 74 ± 34,6; distal (D3): 72.6 ± 30.4.

Other CMD n = 40; 16 F/22 M;
17.4 ± 11.3 years.

Ambulant 57.9%
MFM32: total 61.8 ± 23.8.

Standing position and transfers (D1): 39.6 ± 31.7; axial and proximal motor
function (D2): 72.8 ± 26.2; distal (D3): 84.1 ± 17.6.

Le Goff et al.,
2021 [22]

Case series
Longitudinal

COL6-RD n = 23; 11 F/12 M;
9 (7.0–13.5) years.

MFM32

Ambulant 70%
MFM32: total 69 (59.5–77.0).

Standing position and transfers (D1): 16 (7.0–24.0); axial and proximal motor
function (D2): 32 (29.5–34.0); distal (D3): 20 (18.5–20.0).

Longitudinal estimates of average change per year: −4.05 (in ambulant patients
−3.38; in non-ambulant −5.28). Standing position and transfers (D1): −1.99; axial

and proximal motor function (D2): −1.40; distal (D3): −0.74.

LAMA2-RD n = 21; 11 F/10 M;
7 (5.0–9.0) years.

Ambulant 19%
MFM32: total 44 (27.0–52.0).

Standing position and transfers (D1): 1 (1.0–4.0); axial and proximal motor function
(D2): 29 (15.0–31.0); distal (D3): 14 (13.0–16.0).

Longitudinal estimates of average change per year: −2.62 (in ambulant patients
−2.02; in non-ambulant −2.69). Standing position and transfers (D1): −0.72; axial

and proximal motor function (D2): -1.59; distal (D3): −0.27.
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Table 7. Cont.

Authors, Year Study Design Type of CMD Sample
(Size, Sex, Age) Assessment Results

Meilleur et al.,
2015 [23]

Case series
Cross-

sectional

n = 22 (year 1); 11 F/11
M; 10.1 (5.8-21.2) years.
n = 32 (year 2); 19 F/13
M; 9.7 (4.8-22.2) years.
n = 33 (years 1 and 2)

MFM32, QUEST,
Goniometry, Myometry,
6MWT, HFMS, NSAA,

TFTs

Ambulant 36% (12/33)
Year 1

MFM32 (21/22): total 58.9 (25.1–93.9).
Standing position and transfers (D1): 31.8 (0–87.6).; axial and proximal motor

function (D2): 71.5 (21.9–98.2); distal (D3): 84.8 (49.2–100.0).
Myometry (21/22): elbow flexion R: 6.8 (1.6–11.9); elbow flexion L: 6.9 (1.6–10.9);
elbow extension R: 4.1 (1.2–8.0); elbow extension L: 4.6 (1.0–10.1); knee flexion R:

11.7 (2.7–20.5); knee flexion L: 12.2 (1.4–22.9); knee extension R: 12.9 (2.0–25.4); knee
extension L: 12.1 (1.6–30.6).

Goniometry (21/22): elbow flexion R: 149.2 (130–161); elbow Flexion L: 148.4
(135–165); elbow extension R: −39.8 (−120 to 0); elbow extension L: −34.7

(−114 to 0); knee extension: −15.3 (−95 to 12); knee extension L: −15.6 (−92 to 10).
10 m walk/run (11/22): 8.6 (4.0–15.8)

Year 2
MFM32 (29/32): total 58.21 (19.8–100).

Standing position and transfers (D1): 31.17 (0–100).; axial and proximal motor
function (D2): 72.69 (11.1–100); distal (D3): 83.40 (47.6–100).

Myometry (27/32): elbow flexion R: 5.23 (0–23.8); elbow flexion L: 5.46 (0–19.9);
elbow extension R: 3.13 (0–20.1); elbow extension L: 3.42 (0–18.6); knee flexion R:
9.42 (2.3–36.3); knee flexion L: 9.60 (2.3–30.4); knee extension R: 10.80 (2.0–43.6);

knee extension L: 10.14 (0–46.9).
Goniometry (21/22): elbow flexion R: 149.52 (140–160); elbow flexion L: 148.04

(138–160); elbow extension R: −38.09 (−115 to 10); elbow extension L:
−37.00 (−120 to 8); knee extension R: −19.77 (−86 to 16);

knee extension L: −19.73 (−105 to 10).
Stand time: (11/32)

10 m walk/run (11/32): 7.70 (3.0–14.7); 6MWT (11/32): 338.27 (144–600); QUEST
(29/32): 77.68 (28.24-100); NSAA (29/32): 7.52 (0–34); HFMS (29/32): 22.24 (0–40)
The MFM32 total score showed a significant difference between non-ambulatory

individuals with a median score of 44.8 (range: 19.8–80.2) and ambulatory
individuals with a median score of 82.3 (range: 59.4–100.0). Likewise, the HFMS

showed a significant difference with a non-ambulatory median score of 9.5 (range:
0.0–38.0) and an ambulatory median score of 36.0 (range: 22–40).

COL6-RD n = 17 (year 2); 9 F/8 M;
12.6 (4.8–22.2) years

LAMA2-RD n = 15 (year 2); 10 F/5
M; 7.9 (5.0–19.3) years
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4. Discussion

The scoping review method enabled an exhaustive literature search, a definition of
the current level of knowledge, and the identification of gaps with respect to the current
knowledge of motor function in pediatric patients with congenital muscular dystrophies.

This study confirms that data published in the last 20 years on motor outcomes in
patients with CMD are limited. Only 16 articles on this topic were found, of which 2 focused
on COLVI-RD [8,9], 1 on LMNA-RD [10], 2 on LAMA2-RD [11,12], 2 on FCMD [14,15], 2 on
SEPN1-MD [15,16], 1 on FKRP mutations [17], and 6 on different forms of CMD [18–23].

As already reported by Zambon et al., the rarity of these diseases and the great pheno-
typic heterogeneity make large and comparable studies complex [5]. In this regard, attention
is drawn to the pathologies analyzed in the selected articles. Despite the presence of numer-
ous forms of CMD, most of the studies focused on the most represented and well-known
forms (COLVI-RD, FCMD, LMNA-RD, LAMA2-RD, SEPN1-MD, FKRP). Only two articles
mentioned other forms, although they are grouped in a single analysis category [19,21].

Out of the 16 studies selected, 11 were cross-sectional studies. Only five studies were lon-
gitudinal and therefore analyzed the progression of motor function over time [11,15,17,18,22].
The durations of these longitudinal studies varied but were generally short and do not allow
broad trend curves to be drawn. Two articles showed results from the same sample of patients
to whom different inclusion criteria were applied [18,22]. In fact, 44 of the 48 patients included
in the study by Le Goff et al. were included in the study by Jain et al., i.e., all those with
a diagnosis of LAMA2-RD or COL6-RD and with the completion of at least two MFM-32
evaluations one year apart. The cross-sectional studies provided information on the motor
and functional aspects of the different forms of CMD, describing their common characteristics.
However, they do not allow the evolution of the disease over time to be delineated.

The age ranges of the patients varied. Only 8 out of 16 studies showed results from
exclusively pediatric patients (0–18 years), although with different age ranges. The other
8 studies included samples of pediatric and adult patients, almost always without distinc-
tion in the analysis.

Nevertheless, interesting preliminary data emerged regarding the progression of
motor function in patients with LAMA2-RD, COL6-RD, SPN1-RM, and FKRP mutations.

In patients with LAMA2-RD, an annual linear reduction of 6.6◦ for right elbow flexion
and 3.1◦ for knee flexion was described in the article by Zambon et al. [11], and an annual
reduction of 3.21◦ for left elbow extension in the article by Jain et al. [18]. In the study by
Jain et al., a decrement of 2.60 points each year emerged on the MFM32 scale [18]. This
decrement was confirmed by the study of Le Goff et al., which showed a greater loss of
score in the items related to axial and proximal function (−1.59 points per year) [22].

In patients with COL6-RD, an annual decrease of 4.01 points on the MFM32 scale was
described in the study by Jain et al. [18] and confirmed by the study of Le Goff [22]. The
domain in which there was the greatest loss of function was that of standing position and
transfers (−1.99 points per year) [22].

In patients with SPN1-RM, an annual change of −0.55 points on the HFMS scale was
estimated [15].

In patients with FKRP mutations, average annual decreases of 23.41 m at 6MWT,
0.65 points on the MHFMS scale, 1.33 on the PEDI scale, and 0.55 on the PUL scale were
reported [17].

Additional larger longitudinal studies differentiated by pediatric age and adulthood with
planned follow-up would be recommended to study the course of the diseases over time, better
understand the characteristics of the different forms, and trace natural history trajectories.
This would also be useful for identifying the outcome measures for trial readiness, as well as
implementing innovative care and rehabilitation techniques in clinical practice. This incitement
has been partly received by scientific and patient communities. Some disease registries
have recently been proposed, such as the Global Registry for COL6-related dystrophies
(NCT04020159) or the Global FKRP Registry (NCT04001595), and some natural history studies
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for clinical trial readiness have been registered such as the study of dystroglycanopathies
(NCT00313677) or the study of patients with SEPN1 or LAMA2 mutations (NCT04478981).

Another feature that emerged is the heterogeneity of the assessment tools used in the
studies. In 10 out of 16 papers, motor assessment instruments, such as functional scales and
time tests, were used (see Table 8). In the other six papers, anamnestic data and information
acquired during clinical assessments were analyzed.

Table 8. Assessment tools used in the various selected studies (MFM32: Motor Function Measure;
GMFM: Gross Motor Function Measure; HMFS: Hammersmith Motor Function; MHFMS: Modified
Hammersmith Motor Function; PEDI: Pediatric Evaluation of Disability Inventory; NSAA: North Star
Ambulatory Assessment; TFTs: timed function tests; 6MWT: 6 min walk test; Jebsen: Jebsen–Taylor
Hand Function Test; PUL: Performance of Upper Limb; Brooke scale; QUEST: Quality of Upper
Extremity Skills Test).

MFM32 GMFM HFMS PEDI NSAA TFTs

The
NM-
Score

Classifi-
cation

6MWT JEBSEN PUL Brooke QUEST

The Upper
Limb

Function
Measure of
Muscular

Dystrophy

Natera-de et al.,
2021 [9] x x x x

Harada et al.,
2022 [13] x x x

Silwal et al.,
2020 [15] x

Gedlinske et al.,
2020 [17]

x
(mod-
ified)

x x x x

Jain et al.,
2019 [18] x

Vuillerot et al.,
2014 [19] x x x x

Bendixen et al.,
2017 [20] x x x

Vuillerot et al.,
2014 [21] x

Le Goff et al.,
2021 [22] x

Meilleur et al.,
2015 [23] x x x x x x

Highlighted with ‘x’ are which rating scales were used in the various studies.

The absence of evaluation instruments specifically validated for these diseases should
be underlined. The functional assessment scales reported have been validated for the
assessment of patients with neuromuscular disease or other specific neuromuscular diseases
or other motor disorders. The scales used were the Motor Function Measure (MFM32),
Gross Motor Function Measure (GMFM), Hammersmith Motor Function (HFMS), Modified
Hammersmith Motor Function (MHFMS), Pediatric Evaluation of Disability Inventory
(PEDI), North Star Ambulatory Assessment (NSAA), timed function tests (TFTs), NM-
Score classification, 6 min walk test (6MWT), Jebsen Taylor Hand Function Test (Jebsen),
Performance of Upper Limb (PUL), Brooke scale, Quality of Upper Extremity Skills Test
(QUEST), and Upper Limb Function Measure of Muscular Dystrophy. The tools cited allow
the different motor and functional aspects to be assessed. According to the scale, it is
possible to obtain results relating to gross motor functions, fine motor functions, upper
limb abilities, fatigability, and speed of execution. In addition, some articles included
instruments for measuring joint range and strength.
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As can be seen in Table 8, the MFM32 scale was the most used instrument for the
assessment of patients with CMD. The subdivision into domains (D1, standing and trans-
fers; D2, axial and proximal motor function; and D3, distal motor function) allows for
a comprehensive assessment of motor function [22]. It should be noted that patients with
CMD were also included in the validation study of this scale [24].

The study by Meilleur et al. on patients with COL6-RD and LAMA2-RD showed a high
association between the MFM32 scale and HFMS. The MFM32 provides more information, so
it may be more convenient for the assessment of patients with CMD. However, it should be
pointed out that some difficulties related to muscle contractures interfered with some tasks,
either due to the inability to reach the initial position or the inability to complete the items [23].

The NSAA scale, which has been validated for patients with Duchenne muscular
dystrophy [25] and spinal muscular atrophy type 3 [26], includes the assessment of more
complex skills, which is useful for patients with better motor functioning who show ceiling
effects on the MFM32 scale. It could, therefore, be a complementary tool [23].

With respect to upper limb function, the QUEST showed associations with the total
score from the MFM32 in patients with COL6-RD and LAMA2-RD. However, further
investigations are ongoing to understand which of these tools is more appropriate [23].

There were no studies describing the use of functional assessment scales in CMD
patients in the neonatal period. However, it would be interesting to identify the most
appropriate tool among the Chop Intend scale, the HFMS [27], or the recently proposed
module of the Hammersmith Neonatal Neurological Examination (HNEE) for neonates
with SMA [28].

Finally, the presence of contractures should be taken into consideration. The most
frequently described muscle contractures are at the level of the long flexors of the fingers,
elbows, knees, hips, and Achilles tendons. The interference reported in the MFM32 scale
scores [23] can be expanded to all functional assessment scales, as the presence of con-
tractures, regardless of the body area, limits functionality. Moreover, in some scales, not
reaching the initial position corresponds to not scoring. This could represent a bias for
those patients who, although limited by contractures, manage to complete the task anyway
by implementing compensation strategies. The contractures may also highlight strength
deficits when strength is assessed with the MRC scale or myometry [27].

As already highlighted at the 173rd ENMC international workshop on CMD, there
is a need to identify the best motor and functional outcome tools for the assessment of
patients with CMD [27].

The scientific community has made efforts in recent years, although studies only
concern some of the forms and are still quantitatively limited.

It would be useful to refine research by focusing on additional parameters, such as age,
stage of disease, residual motor function, form, and neurophysiological assessments, even if
in the related literature, data are limited because of lower levels of compliance in pediatric
age. This would make studies conducted in different centres comparable and aggregable.

5. Conclusions

In recent decades, the implementation of standards of care has changed the survival of
patients suffering from congenital muscular dystrophies. Moreover, new genetic diagnostic
techniques have made it possible to identify an increasing number of different forms.

There is an increasing need for larger longitudinal natural history studies, which are
essential to identifying motor outcome measures for trial readiness, as well as implementing
innovative treatment and rehabilitation techniques in clinical practice.

As can be seen from this scoping review, the scientific community, especially in recent
years, has begun to respond to this challenge. However, it is essential to further expand
the knowledge of the forms that have already been studied and proceed with new studies
for the forms that are still underinvestigated. Finally, it would be advisable to define the
most appropriate evaluation tools so that they can be used in a more homogeneous and,
therefore, comparable manner.
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Appendix A

Pubmed search string

(((“Muscular Dystrophies”[Mesh] OR “muscular dystroph*”[tiab]) AND (“congeni-
tal”[Subheading] OR congenit*[tiab] OR connatal[tiab] OR CMD[tiab] OR Autosomal[tiab]
OR inherit*[tiab] OR inborn[tiab] OR heredit*[tiab])) OR “Muscular Dystrophy, Congen-
ital, due to Partial LAMA2 Deficiency”[Supplementary Concept] OR “Muscular dys-
trophy congenital, merosin negative”[Supplementary Concept] OR “Bethlem myopa-
thy”[Supplementary Concept] OR “Walker-Warburg Syndrome”[Mesh] OR “Muscular Dys-
trophy, Emery-Dreifuss”[Mesh] OR alpha-dystroglycanopath*[tiab] OR alpha-DGP[tiab]
OR “Walker-Warburg”[tiab] OR “Warburg syndrom*”[tiab] OR “Muscle-Eye-Brain Dis-
ease*”[tiab] OR COD-MD[tiab] OR “Emery Dreifuss”[tiab] OR laminopath*[tiab] OR "Beth-
lem myopath*”[tiab] OR ((Ulrich*[tiab] OR Ullrich*[tiab] OR “laminin alpha 2”[Supplemen-
tary Concept] OR laminin-alpha2[tiab] OR LAMA2[tiab] OR “laminin alpha 2”[tiab] OR
“Laminin”[Mesh] OR merosin[tiab] “OR Collagen Type VI”[Mesh] OR “collagen VI”[tiab]
OR “collagen type VI”[tiab] OR Col6[tiab] OR col6A*[tiab] OR Col-6[tiab] OR col-6A*[tiab]
OR "Dystroglycans”[Mesh] OR alpha-dystroglycan*[tiab] OR a-dystroglycan*[tiab] OR
FKTN[tiab] OR POMT*[tiab] OR FKRP[tiab] OR POMGNT*[tiab] OR ISPD[tiab] OR
B3GNT*[tiab] OR GMPPB[tiab] OR DPM1[tiab] OR DPM2[tiab] OR ALG13[tiab] OR
B3GALNT*[tiab] OR RXYLT*[tiab] OR “Lamin Type A”[Mesh] OR “lamin A-C”[tiab] OR
“lamin A/C”[tiab] OR LMNA[tiab]) AND dystroph*[tiab])) AND (“Motor Skills”[Mesh]
OR “Range of Motion, Articular"[Mesh] OR “Movement”[Mesh] OR motion[tiab] OR mo-
tor[tiab] OR movement*[tiab] OR locomot*[tiab] OR mobility[tiab] OR ambulat*[tiab] OR
walking*[tiab] OR “Scoliosis”[Mesh] OR scolios*[tiab] OR “Natural History”[Mesh] OR
“natural history”[tiab]).

Embase search string

(‘motor performance’/exp OR ‘motor skills in infancy and childhood’/exp OR ‘move-
ment (physiology)’/exp OR ‘scoliosis’/exp OR ‘history’/exp OR motion:ab,ti OR mo-
tor:ab,ti OR movement*:ab,ti OR locomot*:ab,ti OR mobility:ab,ti OR ambulat*:ab,ti OR
walking*:ab,ti OR ‘natural hystory’:ab,ti OR scolios*:ab,ti) AND ((‘muscular dystrophy’/exp
AND (congenit*:ab,ti OR connatal:ab,ti OR cmd:ab,ti OR autosomal:ab,ti OR inherit*:ab,ti
OR inborn*:ab,ti OR heredit*:ab,ti) OR ‘congenital muscular dystrophy type 1a’/exp OR
‘merosin deficient congenital muscular dystrophy’/exp OR ‘merosin’/exp OR ‘bethlem
myopathy’/exp OR ‘walker warburg syndrome’/exp OR ‘emery dreifuss muscular dys-
trophy’/exp OR ‘alpha dystroglycanopathy’/exp OR ‘muscle eye brain disease’/exp OR
‘laminopathy’/exp OR ‘ullrich congenital muscular dystrophy’/exp OR ‘laminin’/exp OR
‘laminin alpha2’/exp OR ‘collagen type 6’/exp OR ‘dystroglycan’/exp OR ‘alpha dystrogly-
can’/exp OR ‘lamin a’/exp OR ‘alpha dystroglycanopath*’:ab,ti OR ‘alpha dgp’:ab,ti OR
‘walker-warburg’:ab,ti OR ‘warburg syndrom*’:ab,ti OR ‘muscle-eye-brain disease*’:ab,ti OR
‘cod md’:ab,ti OR ‘emery dreifuss’:ab,ti OR laminopath*:ab,ti OR ‘bethlem myopath*’:ab,ti
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OR ulrich*:ab,ti OR ullrich*:ab OR ‘laminin alpha2’:ab,ti OR lama2:ab,ti OR ‘laminin alpha
2’:ab,ti OR merosin:ab,ti OR ‘collagen vi’:ab,ti OR ‘collagen type vi’:ab,ti OR col6:ab,ti OR
col6a*:ab,ti OR ‘col 6’:ab,ti OR ‘col 6a*’:ab,ti OR ‘alpha dystroglycan*’:ab,ti OR ‘a dystrogly-
can*’:ab,ti OR fktn:ab,ti OR pomt*:ab,ti OR fkrp:ab,ti OR pomgnt*:ab,ti OR ispd:ab,ti OR
b3gnt*:ab,ti OR gmppb:ab,ti OR dpm1:ab,ti OR dpm2:ab,ti OR alg13:ab,ti OR b3galnt*:ab,ti
OR rxylt*:ab,ti OR ‘lamin a-c’:ab,ti OR ‘lamin a/c’:ab,ti OR lmna:ab,ti) AND dystroph*:ab,ti).
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