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Abstract

Background Facioscapolohumeral muscular dystrophy is characterized by a wide clinical variability; the underlying reasons
and the relation between them and the genetic markers are still not clear. In fact, the different phenotypes could show a dif-
ferent disease progression and/or imply distinct genetic mechanisms. As clinical trials are approaching also for FSHD, the
correct description and stratification of patients becomes mandatory. To address these matters, in 2016 the Italian Clinical
Group for FSHD developed the Comprehensive Clinical Evaluation Form (CCEF), aimed at describing the different observed
phenotypes in FSHD.

Methods A working group composed by the former developers of the CCEF and other expert clinicians re-evaluated the
whole structure of the CCEF, to develop a simplified version for use in clinical practice; also, other expert clinicians not
referring to the Italian Clinical Group for FSHD read and approved the CCEF revised version for its international use.
Results We present the CCEF-R, a revised and simplified version of the CCEF, that while maintaining all the core structure
and items of the previous validated version, has been modified with new friendlier graphics, focused on the key anamnestic
and neurological examination findings, to facilitate its understanding and use in clinical practice.

Conclusions The phenotypical classification combined with the genetic signature should be considered during the diagnostic
work out for guiding genetic analysis and for genotype—phenotype correlations and genetic counseling. The CCEF could
have a significant role in the clinical stratification process of patients for clinical trials and in laying the groundwork for
evidence-based medical decision making.
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Introduction

Facioscapulohumeral muscular dystrophy (FSHD) is typi-
cally characterized by young or adult-onset progressive
facial, shoulder girdle, and pectoral muscle weakness and
atrophy, subsequent involvement of abdominal muscles
-manifesting with lumbar hyperlordosis, prominent abdo-
men and positive Beevor’s sign- and of anterior leg mus-
cles with steppage and foot drop. The pattern of weakness
distribution is typically asymmetric, and progression is
slow over time, with males presenting a lower mean age at
clinical onset compared to females [1]. Early-onset FSHD
begin in childhood and is the most likely to display extra
muscular involvement, such as an exudative retinopathy
known as Coat’s disease, sensorineural deafness, and
cognitive delay [1-4]. Cardiac involvement is not typical,
as well as precocious or predominant ventilatory insuffi-
ciency, which may be not directly dependent on respiratory
muscle involvement but can also derive from axial and
abdominal weakness, in general in late stages of disease
or in the elderly [5].

However, FSHD patients can display wide clinical vari-
ability, even within the same family, as already reported
forty years ago in the pre-molecular era [6].

Over the years, the availability of genetic testing seems
to have expanded the clinical spectrum of the disease,
including presentations that differ significantly from the
firstly described phenotype, from pauci-symptomatic cases
to severely affected patients, subjects also presenting with
extra-muscular features and/or unusual pattern of involved
muscles [7-9].

The underlying causes of the wide range of clinical
variability and severities and their relationship to the
genetic marker remain unclear. This uncertainty compli-
cates genotype—phenotype correlation, hampers accurate
prognostication, and poses challenges for effective genetic
counseling.

Since genetic testing has become available, it has been
clear that the repeat length cannot explain fully this wide
variety in clinical presentations. That evidence has led,
in the last fifteen years, to understanding that FSHD pre-
sents a complex genetic architecture and genetic diagnosis
should include the evaluation of the length of the D474
allele, the permissive haplotypes, the level of methyla-
tion and the effect of disease modifying genes such as
SMCHDI1, LRF1 or DNMT3B [8]. To date, the molecular
diagnosis still needs to be improved in terms of preci-
sion, accuracy, time and costs, and the interpretation can-
not ignore a careful correlation with the phenotype. The
recent guidelines on genetic diagnostics of FSHD [10]
further stressed the need for a detailed genotype—pheno-
type correlation in guiding and interpreting the types and
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the results of DNA analysis and therefore the necessity
of comprehensive clinical information to provide with the
genetic test application. Moreover, also the interpretation
of genetic modifiers’ significance and effect can greatly
benefit from a systematic approach in clinical assessment.

The development of a shared, standardized clinical tool that
captures key phenotypical features for patient stratification is
essential to address the clinical complexity of this disease..
The Comprehensive Clinical Evaluation Form (CCEF), the
clinical tool proposed by the Italian Clinical Network for
FSHD in 2016 has been designed starting from these prem-
ises [11]. The tool allows the recognition and stratification
of different clinical subgroups among carriers of the FSHD
genetic signature, in addition to measuring the degree of motor
disability. However, when the CCEF was created, it was part
of a research project funded by Telethon-Italy regarding the
genotype—phenotype correlations study of a large cohort of
Italian FSHD families, and therefore it included several addi-
tional informations useful for the above purposes.

In this paper, we present a revised simplified version of
the CCEF (CCEF-R), equipped with user-friendly graphics
emphasizing key anamnestic and neurological examination
findings. While conserving the fundamental features and
core data collection of the previous version, the CCEF-R
was built to be a quicker tool for phenotypic characteriza-
tion, facilitating its use both in clinical practice and for inter-
national collaborations.

Methods

The working group was composed by the former developers
of the CCEF (G.R., L.V,, LR., M.F., T.]M., G.S.) and other
members of the Italian Clinical Group for FSHD (F.T., G.G.,
E.C.,ER., B.R)), including clinicians and one physiotherapist.
In July 2023 the group firstly met in person with the aim of
re-evaluating the whole structure of the CCEF, to develop a
simplified version for use in clinical practice. There were three
subsequent meetings of the working group in 2024 to reach
a final agreement and finalized the CCEF-R, that was then
shared within the Italian Clinical Network. As expert clinicians
not referring to the Italian Clinical Group for FSHD T.E., E.B.,
N.V. and N.D. had finally read and approved the CCEF-R for
its international use. No ethics committee approval was neces-
sary based on the nature of the manuscript.

Results

We present a detailed description of the CCEF-R, a sim-
plified version of the CCEF for FSHD, that maintains all
the core structure and items; the revised form can be down-
loaded in the Supplementary Material section.
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Sections 1 & 2 (Figs. 1 and 2) briefly investigate the clini-
cal history and evaluate patient’s disability, assessing the
segmental involvement of fourteen muscle groups using the
Medical Research Council (MRC) scale evaluated on both
sides, and guiding the FSHD score filling. For obtaining a
precise description of the distribution of muscle weakness,
the CCEF-R explores the following districts: facial, shoul-
der girdle, distal upper limb, abdominal, pelvic girdle, distal
lower limb, and highlights the typical FSHD signs.

Section 3 (Fig. 3) is a table that summarizes the com-
mon features collected during the neurological examination
(Sections 1 & 2), including signs not scored by FSHD score,
such as orbiculari oris hypokinesia during speech, scapula
winging on attempted shoulder abduction or forward flexion,
asymmetric winged scapula, horizontal clavicles, forward
sloping of the shoulders at rest, horizontal axillary fold (due
to weakness and wasting of the sternocostal head of the pec-
toralis major muscle), “Popeye” arms (as results from the
contrast between the atrophied perihumeral muscles and the
sparing of the muscles of the forearms and the distal del-
toid), and poly-hill sign [1].

Moreover, the Section 3 also lists the “red flag” features
not suggestive for the FSHD phenotype, including atypical
muscle pattern involvement, presence of cardiac and preco-
cious or predominant respiratory insufficiency, as well as
other signs such as myotonia, eyelid ptosis, pes cavus, or
early muscle contractures. Also the blood creatine kinase
(CK) more than four/five times the normal value or the pres-
ence of recurrent macroscopic myoglobinuria are considered
as not typical features for FSHD.

Compared to the first version of the CCEEF, in this revised
version the site of muscle weakness at onset, collected in the
anamnestic section, is not considered among the parameters
that define the clinical categories in Section 3, since this
information is patient-reported and in some cases it could
be misleading.

Based on the FSHD score and the combination of the
typical/atypical features (CCEF-R Section 3), it is possi-
ble to assign patients to different phenotypical categories in
Section 4 (Fig. 4), which are better detailed in this revised
version as follows:

— Category A: subjects with a typical FSHD phenotype pre-
senting facial and scapular girdle muscle weakness are
assigned to category A and further classified into three
subcategories (A1-A3) based on the severity of facial
involvement (A1 more severe than A2 than A3).

— Category B: subjects with an incomplete FSHD pheno-
type, characterized by muscle weakness limited to only
facial or scapular girdle muscles fall into category B.
They are further subdivided in category B1 (facial spar-
ing phenotype) or B2 (isolated facial weakness).

— Category C: subjects with FSHD score 0, without motor
impairment or with minor possibly FSHD-linked signs
(for example winging scapula or straight clavicles). Cat-
egory Cl1 includes subjects with minor signs, whereas
category C2 subjects with a completely normal neuro-
logic examination.

— Category D: subjects presenting atypical clinical features
not consistent with FSHD are included in this category.
Specifically, subjects with FSHD phenotype in associa-
tion with other uncommon features are classified as D1,
while patients with a myopathic clinical picture that do
not fulfill the diagnostic criteria for FSHD as D2.

Discussion

It is well known that DNA analysis in FSHD can reveal
unanticipated results without a straightforward correlation
with the phenotype [7].

A large spectrum of clinical features has been reported
in subjects carrying the molecular defect associated with
FSHD, including healthy carriers and individuals presenting
a partial FSHD picture or myopathic conditions different
from the classical phenotype described by Landouzy and
Dejerine [12].

The CCEF is a simple tool able to delineate different
phenotypical categories within the FSHD spectrum. In the
recent updated FSHD genetics guidelines [11] the CCEF
has been proposed as a dedicated score useful to clinically
characterize patients, useful in defining the phenotype-gen-
otype correlation and promoting a differential diagnosis for
patients without a suggestive FSHD phenotype.. Moreover,
the description and stratification of patients based on phe-
notypes is mandatory for appropriate design of the natu-
ral history studies, and for the preparation of clinical trials
[11]. Category A identifies patients with typical phenotype;
the three subcategories (A1-A3) further subdivide patients
based on the severity of facial involvement, which seems
to discriminate some classical phenotypes. Thus, category
Al includes patients with prominent facial weakness, that is
typically observed in some infantile forms or in more severe
phenotypes, often observed in association with shorted
DA4Z4 alleles [13], while most patients with a milder facial
involvement fall into Categories A2 and A3. Category B
identifies incomplete FSHD phenotype, not presenting a
coexisting involvement of facial and scapular girdle muscles
without other uncommon features. The category C identi-
fies asymptomatic/pauci-symptomatic carriers with FSHD
score 0, allowing a further distinction of asymptomatic sub-
jects with minor signs (such as scapular winging, straight
clavicles) suggestive of FSHD (as category C1), and subjects
without neuromuscular involvement signs (as category C2).

@ Springer
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Revised FSHD Comprehensive Clinical Evaluation Form (CCEF-R) —Evaluation
Form Section 1

Referring Hospital: Referring Physician:
CompilationDate: _ /_/_

Patient Name: Patient code:
Dateofbith: _ / / Sex: _.oM ofF

Part A: ANAMNESTIC DATA

Ethnicity Family history B

oCaucasian zart:tr.lts ::onianhg?::nnw, oYYeS ) :o

oAsian (specify ) ositive family history: o Yes o No
ispani Notes & Comments

o Hispanic

oBlack or African American ‘

oNorth African Family tree (page 3)

oNative Hawaiian or Other Pacific Islander

o American Indian or Alaska Native

Age at Onset of motor impairment (patient reported information)

When the patient has noticed the appearance of motor impairment in her/his daily activities:
In her/his decade of life (first, or second, or...); if available
Where the patient noticed the first muscle impairment:

years old

o Facial muscles:

o Shoulder girdle muscles

o Distal upper limb muscles

o Abdominal muscles

o Distal lower limb muscles

o Pelvic girdle muscles

Asymmetric onseto Yes o No

When did her/his relatives nofice that the patient was sleeping with half-open eyes? If yes, since ______decade
When did the patient notice the appearance of winged scapula? If yes, since decade

When has the patient notice the appearance of dropped shoulders? If yes, since_ decade|

Additional anamnestic information

Retinal vasculopathy: o Yes o No

Sensorineural deafness/auditory problems: o Yes o No
Developmental delay: o Yes o No

Previous surgery:

o Scapular fixation

o Spine surgery

Fig. 1 Revised CCEF Section 1 for anamnestic data collection

@ Springer
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Fig.2 Revised CCEF Section 2

for the neurological examina-
tion with the FSHD score (the
section includes the MRC table
with muscles to consider for
FSHD score)

Revised FSHD Comprehensive Clinical Evaluation Form (CCEF-R) —Evaluation

Part B: NEUROLOGICAL EXAMINATION

Form Section 1

Select the FSHD score for each segment from item 1 to item 6 and report in the table below. Sum the scores to obtain

total FSHD Score. For MRC scoring, see page 3.

1. FACIAL FSHD score:
0 - no weakness*
(*able to heavily close eyes and normal ability to
protrude lips)
1 - moderate weakness;
partial ability to do at least one of the following
tasks:
- to close eyes
- to protrude lips
- to puff out cheeks
2 - severe weakness;
unable to do at least one of the following tasks:
- to close eyes
- to protrude lips
- to puff out cheeks
Other information (no scoring):
Presence of:
Puckered lips: o Yes o No
Horizontal smile: o Yes o No
Asymmetric involvement: o Yes o No

2. SCAPULAR GIRDLE FSHD score:

0 - no involvement (Whole (180°)

1 - mild involvement with no limitation of arm
abduction (patient can rise arms above head but
only by flexing the elbow or using the accessory

3. UPPER LIMBS FSHD score*

0 - no involvement

1 - at least two muscles affected with MRC >3
2 - at least two muscles with MRC <3

Other information (no scoring):

Asymmetric involvement: o Yes o No

4. ABDOMINAL MUSCLES FSHD score:
0 - no involvement
1 - positive Beevor’s sign

5. PELVIC GIRDLE FSHD score:

0 - no involvement

1 - able to walk and to climb stairs without support but
abnormally (anserine gait)

2 - able to walk unaided, to climb stairs or to stand up froma
chair with support

3 - able to walk unaided but unable to stand up from a chair
or to climb stairs without support/ more than 12 seconds

4 - able to walk with support (e.g. cane, walker)

5 - wheelchair bound

6. LEGS FSHD score:

The ability to walk on tiptoes and heels will be assessed on
each side:

0 - no involvement

1 - unable to walk on tiptoes or heels (only one task

muscle

2 - arm abduction > 45°

3 - arm abduction < 45°

Other information (no scoring):

impaired)

2 - unable to walk on tiptoes and heels (two tasks impaired)
Other information (no scoring):

Asymmetric involvement: o Yes o No

Asymmetric involvement: o Yes o No
ABDOMINAC
FACIAL SCAPULAR GIRDLE UPPER LIMBS MUSCLES PELVIC GIRDLE LEGS TOTAL
FSHD score FSHD score FSHD score FSHD score FSHD score FSHD Score
FSHD score
__ I 3 _ I _n _ 5 __ R ns

Category D can facilitate the selection of subjects in
which other factors could be involved in determining pheno-
type and the disease expression, identifying patients present-
ing some FSHD features in association with other uncom-
mon characteristics suggestive of a possible comorbidity
(D1), or patients that do not fulfill the diagnostic criteria for
FSHD and can be affected by an alternative disease (D2).

Since the availability of CCEF in 2016, several studies
have documented its usefulness for stratifying patients and

(3]

investigating potential different disease trajectories based on
the clinical categories (Table 1).

In Italy, we firstly applied the CCEF to a cohort of 187
probands and 235 relatives from 106 families, carriers of
7-8 D4Z4 reduced alleles (DRAs), reporting that 47.1%
of probands did not display the classic FSHD phenotype.
Similarly, in another large cohort study of 244 individuals
carrying D474 alleles with 9-10 repeats, known as “bor-
derline” alleles, we found that more than half of index cases

@ Springer
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Fig.2 (continued)

Family tree

Revised FSHD Comprehensive Clinical Evaluation Form (CCEF-R) —Evaluation

Form Section 1

Medical Research Council (MRC) score

Muscle

Neck extensors

Pectoralis

Extrarotator muscles of
upper limb*
(Infraspinatus, Teres
minor)

Triceps brachii*

Biceps brachii*

Finger extensors*

Wrist extensor*

Finger flexors*

Wrist flexors*

Gluteus maximus

lleopsoas

Biceps femoris

Quadriceps

Triceps surae

Tibialis anterior

MRC scores range from 0 to 5. In the 3 to 5 range, + and — marks can be attributed to describe muscle strength

in detail. * Muscles to be considered for FSHD score “Upper limbs involvement”.

displayed a classical FSHD phenotype, while about a quarter

of the sample showed incomplete phenotype with isolated
facial weakness or scapular girdle weakness [7, 9].

@ Springer
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A subsequent Italian observational cohort study con-
ducted in 246 FSHD1 patients classified according to the
CCEF, showed that 79.1% (38/48) of asymptomatic carriers
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Revised FSHD Comprehensive Clinical Evaluation Form (CCEF-R) -Clinical Diagnostic Form

Section 3

TYPICAL FEATURES

ATYPICAL FEATURES

1. FACIAL INVOLVEMENT

[ Moderate/severe facial weakness to

close eyes and/or protrude lips and/or puff
out cheeks (Facial FSHD score 21)

[ Weakness of extra-ocular muscles

[ Weakness of masticatory
muscles

[ Persistent dysphagia

2. SCAPULAR GIRDLE INVOLVEMENT

[ Impairment of upper limb abduction with
winged scapula or limitation of forward
flexion (scapular FSHD score 21)

[ Isolated distal
upper limb muscle weakness

[ Impairment of arms abduction (<90°)
without winged scapula at rest and/or on
attempted shoulder abduction or forward
flexion

3. AXIAL MUSCLES INVOLVEMENT

[ Hyperlordosis

[ Beevor's sign

[ Pectoralis muscles atrophy / weakness

[ Camptocormia/bent syndrome

[ Dropped head

4. PELVIC GIRDLE INVOLVEMENT

[ Isolated and/or prevailing pelvic girdle
muscle weakness

5. LOWER LIMBS INVOLVEMENT

[ Weakness of tibialis anterior muscles

[ Early or prevailing triceps surae
atrophy/weakness

6. BLOOD CK LEVEL
(at least two samples 1 month apart)

[ Normal range

[ <4/5 x normal value at rest

[ Value > 4/5 x normal value at
rest in at least two evaluation

[ Recurrent macroscopic
myoglobinuria

7. OTHER SIGNS

[ Orbiculari oris hypokinesia during speech
[ Scapula winging on attempted

shoulder abduction or forward flexion

[ Asymmetric winged scapula

[ Horizontal clavicles

[ Forward sloping of the shoulders at rest
[ Horizontal axillary fold
[ “Popeye” arm

[ Poly-hill sign

[ Action and/or percussion myotonia
0 Eyelid ptosis
[ Pes cavus

0 Early muscle contractures

0 Cardiomyopathy (non-ischemic, non-
valvular)

1 Severe early or discordant respiratory
restrictive insufficiency

0 Other
(suggestive of other myopathic
conditions)

Fig.3 Revised CCEF Section 3, listing typical and atypical clinical features

@ Springer
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Fig.4 Revised CCEF Section 4
for Clinical Categories

FSHD Comprehensive Clinical Evaluation Form (CCEF) —Clinical Categories
Section 4

CATEGORY A

Category A1

- Unable both to close eyes and to protrude lips (facial FSHD score 2)

- Impairment of upper limb abduction with winged scapula (scapular FSHD score 21)
- Absence of uncommon features

Category A2

- Partial ability both to close eyes and to protrude lips (facial FSHD score 1)

- Impairment of upper limb abduction with winged scapula (scapular FSHD score 21)
- Absence of uncommon features

Category A3

- Partial ability to close eyes or to protrude lips (facial FSHD score 1)

- Impairment of upper limb abduction with winged scapula (scapular FSHD score 21)
- Absence of uncommon features

CATEGORY B

Category B1

- No facial weakness (facial FSHD score = 0)

- Impairment of upper limb abduction with winged scapula (scapular FSHD score 21)
- Absence of uncommon features

Category B2

- Facial weakness (facial FSHD score 21)

- No impairment of upper limb abduction (scapular FSHD score 0)
- Absence of uncommon features

CATEGORY C

Category C1
- FSHD score =0
+ at least one sign among the listed typical features (see Section 3)

Category C2
- FSHD score = 0, no other signs

CATEGORY D

Category D1
Subject fulfilling criteria of the above categories
+ at least one uncommon feature

Category D2
Subject not fulfilling criteria of any of the above categories

remained asymptomatic over time, and the progression of
motor disability differed between clinical categories [14].
In agreement with these observations, the application of
CCEEF to retrospectively characterize the UK FSHD registry
patients supported the hypothesis of a milder phenotype in
patients without facial involvement (clinical category B2)

@ Springer

and suggested that the facial-sparing forms do not represent
an “initial” form of disease, but a defined phenotype with a
different disease progression rate [15].

More recently, the CCEF was applied to a cohort of more
than 600 Chinese FSHD patients in a nationwide population-
based study [16]. The authors report a similar prevalence of
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Table 1 Summary of the studies from literature applying the CCEF in FSHD patient’ clinical characterization

Articles

Cohort of FSHD patients

Main results

Ricci et al., Muscle Nerve, 2019 [15]

Ruggiero et al., JAMA Netw Open, 2020 [9]

Riccietal., Sci Rep. 2020 [7]

Wang et al., Lancet Reg Health West Pac.

642 patients from UK FSHD Patient Registry

422 carriers of 7-8 DRAs (187 index cases
and 235 relatives)- Italian observational
cohort study

244 carriers of 9-10 DRAs (134 index cases
and 110 relatives)- Italian observational
cohort study

665 carriers of 1-10 DRAs from a large

Patients classified as category B2 showed a
milder motor disability in comparison with
patients with classical phenotype (category A)

52.9% of index cases classified as category
A, 47.1% presented incomplete or atypical
phenotypes

54.5% of index cases classified as category A,
20.1% as category B, 6.7% as category C and
18.7% as category D

69.9% of patients classified as category A, 6.6%

2021 [16]

Vercelli et al., J Neurol. 2021 [14]
follow up study

Puma et al., Eur J Hum Genet. 2025 [18] 157 DRAS carriers

cohort of Chinese families

246 carriers of 1-10 DRAs—Italian five year

as category B, 20.8% as category C and 2.7%
as category D

Nearly 80% of asymptomatic carriers remained
asymptomatic over time, and the progression
of motor disability differed between clinical
categories

27 subjects fell into category D and in 14

patients, FSHD-unrelated genetic causes were
identified

the disease to Italy. About 70% of patients fell into category
A, with a strong prevalence of the A2 subcategory, and 6.6%
(43) were of category B (31 B1, 12 B2). Non-penetrant car-
riers of DRAS represented 20.8% of the cases and 2.7% had
atypical phenotypes, thus belonging to category D. Those
percentages slightly differ from the ones identified by the
Italian group [16]; notably, the Chinese cohort includes
patients with the full DRAs range, while the Italian pub-
lished data refer to subjects with larger DRAs.

Loonen et al. [17] recently investigated the importance
of some clinical features in predicting disease evolution
by. They reported that the development of facial weakness
appears to progress independently. Moreover, they observed
that the forms with a prominent involvement of facial mus-
cles were not related to the disease duration but identified a
subgroup of patients (more frequently carriers of very short
alleles) with a more severe phenotype that corresponds to
CCEF category Al. Also Puma et al. utilized the CCEF to
characterize a cohort of 157 FSHD1 patients to identify
atypical phenotypes (category D) and further analyze the
presence of associated conditions in that subgroup [18].

Overall, these studies support the importance of a detailed
phenotypic characterization of FSHD subjects.

Conclusion

The phenotypical classification, together with other clinical
parameters such as severity of motor involvement, pattern
of muscle magnetic resonance imaging and family history,
in combination with the genetic signatures, should be con-
sidered during the diagnostic work out for guiding genetic

analysis and for genotype—phenotype correlations and
genetic counseling. The distinction of the clinical categories
can also facilitate the phenotypic classification deserving ad
hoc studies for studying genetic modifiers or disease trajec-
tories. Moreover, as we are living in a new therapeutic era
in the field of neuromuscular diseases, clinical trials are also
rapidly approaching in the FSHD world and CCEF-R can
have a significant role in the clinical stratification process of
patients and help in having clearer insights into the effects
of interventions, laying the groundwork for evidence-based
medical decision making.

Acknowledgements On behalf of the Italian Clinical Network for
FSHD:

- Isabella Allegri (Department of Neurology, Azienda Ospedaliera
di Parma, Parma, Italy)

- Andrea Barp (NeuroMuscular Omnicentre (NeMO) Trento,
Azinda Provinciale per i Servizi Sanitari APSS Trento, Italy)

- Roberta Battini, Guja Astrea, Filippo Maria Santorelli (Depart-
ment of Developmental Neuroscience, IRCCS Fondazione Stella
Maris, Calambrone Pisa, Italy)

- Angela Berardinelli, Sabrina Ravaglia, Anna Pichiecchio (IRCCS
Fondazione Mondino, Pavia, Italy)

- Michela Coccia (NeMO Clinical Center Ancona—Azienda Ospe-
daliero-Universitaria Delle Marche, Ancona, Italy)

- Giacomo Comi, Maurizio Moggio, Monica Sciacco (Fondazione
IRCCS Ca'Granda Ospedale Maggiore Policlinico, Neuromuscular and
Rare Diseases Unit, Department of Neuroscience, Milan, Italy; Dino
Ferrari Center, Department of Pathophysiology and Transplantation,
University of Milan, Milan, Italy)

- Maria Grazia D’Angelo, Eleonora Diella (Unit of Rare Diseases of
the Central and Peripheral Nervous System Scientific Institute IRCCS
E Medea, Bosisio Parini Lecco, Italy)

- Giovanni Di Muzio (Department of Neuroscience, Imaging and
Clinical Sciences,"G. D'Annunzio"University, Chieti, Italy)

- Chiara Fiorillo, Claudio Bruno (Pediatric Neurology and Muscular
Diseases Unit, IRCCS Istituto Giannina Gaslini, Genoa, Italy)

@ Springer



4642

Neurological Sciences (2025) 46:4633-4643

- Davide Gabellini (Division of Genetics and Cell Biology, IRCCS
San Raffaele Scientific Institute, Milan, Italy)

- Matteo Garibaldi, Giovanni Antonini (Department of Neuro-
science, Mental Health and Sensory Organs (NESMOS), Faculty of
Medicine and Psychology., Sapienza University of Rome, Rome, Italy)

- Emiliano Giardina, Claudia Strafella, Luca Colantoni (Genomic
Medicine Laboratory UILDM, IRCCS Santa Lucia Foundation, Rome,
Italy)

- Marina Grandis (IRCCS Ospedale Policlinico San Martino,
Genoa, Italy)

- Maurizio Inghilleri (Department of Human Neurosciences, Rare
Neuromuscular Diseases Centre, Sapienza University of Rome, Rome,
Italy)

- Rocco Liguori, Maria Lucia Valentino (IRCCS Institute of Neu-
rological Sciences of Bologna, Bologna, Italy)

- Lorenzo Maggi, Isabella Moroni (Neuroimmunology and Neuro-
muscular Diseases Unit, Fondazione IRCCS Istituto Neurologico C.
Besta, Milan, Italy)

- Roberto Massa (Unit of Neurology, Fondazione PTV Policlinico
Tor Vergata, Rome, Italy)

- Sabrina Mata’ (Department of Neurological and Psychiatric Sci-
ences, Azienda Ospedaliero-Universitaria di Careggi, Florence, Italy)

- Vincenzo Nigro (Telethon Institute of Genetics and Medicine
(TIGEM), Naples, Italy; Department of Precision Medicine, University
of Campania"Luigi Vanvitelli", Naples, Italy)

- Elena Pegoraro, Corrado Angelini (Department of Neurosciences,
University of Padova, Padua, Italy)

- Antonio Petrucci (Center for Neuromuscular and Neurological
Rare Diseases, San Camillo Forlanini Hospital, Rome, Italy)

- Luisa Politano (Cardiomyology and Medical Genetics, University
of Campania"Luigi Vanvitelli", Naples, Italy)

- Stefano Previtali (Neurology Department, San Raffaele Scientific
Institute, Milan, Italy)

- Alessandra Renieri (Medical Genetics, University of Siena, Siena:
Med Biotech Hub and Competence Centre, Department of Medical
Biotechnologies, University of Siena, Siena, Italy)

- Genetica Medica, Azienda Ospedaliera Universitaria Senese,
Siena 53100, Italy.)

- Enzo Ricci, Mauro Monforte (Neurology Unit, Fondazione Poli-
clinico Universitario Agostino Gemelli IRCCS, Rome, Italy)

- Carmelo Rodolico (Unit of Neurology and Neuromuscular Disor-
ders, Department of Clinical and Experimental Medicine, University
of Messina, Messina, Italy)

- Cristina Sancricca (Neurophysiopathology unit Fondazione Poli-
clinico Universitario A. Gemelli IRCCS, Rome, Italy).

- Valeria Ada Sansone (Neurorehabilitation Unit, The NeMo Clini-
cal Center in Milan, University of Milan, ASST 5 Niguarda, Milan,
Italy)

- Lucio Santoro (Department of Neuroscience, Reproductive and
Odontostomatological Science, University of Naples"Federico 11",
Naples, Italy)

- Antonio Trabacca (Unit for Severe Disabilities in Developmental
Age and Young Adults, Developmental Neurology and Neurorehabili-
tation, Associazione"La Nostra Famiglia"—IRCCS"E. Medea", Scien-
tific Hospital for Neurorehabilitation, Brindisi, Italy)

- Mara Turri (Department of Neurology/Stroke Unit, Bolzano Hos-
pital, Bolzano, Italy)

- Rossella Tupler (Miogen Lab, Department of Life Sciences, Uni-
versity of Modena and Reggio Emilia, Modena, Italy)

- Gaetano Vattemi, Paola Tonin (Department of Neurosciences,
Biomedicine and Movement Sciences, University of Verona, Verona,
Italy)

- Lorenzo Verriello (Neurology Unit, Department of Neurosciences,
University Hospital Santa Maria della Misericordia, Udine, Italy)

Several authors and group members are affiliated to European Ref-
erence Network for Rare Neuromuscular Diseases (ERN Euro-NMD).

@ Springer

GR and MF were supported by PRIN-PNRR funding, project
P20229XKFC.

Funding The authors did not receive support from any organization
for the submitted work.

Declarations

Ethical approval and informed consent No ethical committee approval
was required given the nature of the manuscript.

Competing interests The authors have no competing interests to dis-
close.

References

1. Mul K, Lassche S, Voermans NC, Padberg GW, Horlings CG, van
Engelen BG (2016) What’s in a name? The clinical features of
facioscapulohumeral muscular dystrophy. Pract Neurol 16(3):201—
207. https://doi.org/10.1136/practneurol-2015-001353

2. Lutz KL, Holte L, Kliethermes SA, Stephan C, Mathews KD
(2013) Clinical and genetic features of hearing loss in facioscapu-
lohumeral muscular dystrophy. Neurology 81(16):1374-7. https://
doi.org/10.1212/WNL.0b013e3182a84140

3. Statland JM, Sacconi S, Farmakidis C, Donlin-Smith CM, Chung
M, Tawil R (2013) Coats syndrome in facioscapulohumeral dys-
trophy type 1: frequency and D4Z4 contraction size. Neurology
80(13):1247-50. https://doi.org/10.1212/WNL.0b013e3182
897116

4. Grosso S, Mostardini R, Di Bartolo RM, Balestri P, Verrotti A
(2011) Epilepsy, speech delay, and mental retardation in faci-
oscapulohumeral muscular dystrophy. Eur J Paediatr Neurol
15(5):456-460. https://doi.org/10.1016/j.ejpn.2011.04.003

5. Moreira S, Wood L, Smith D, Marini-Bettolo C, Guglieri M,
McMacken G, Bailey G, Mayhew A, Muni-Lofra R, Eglon G,
Williams M, Straub V, Lochmiiller H, Evangelista T (2017) Res-
piratory involvement in ambulant and non-ambulant patients with
facioscapulohumeral muscular dystrophy. J Neurol. 264(6):1271—
1280. https://doi.org/10.1007/s00415-017-8525-9

6. Wohlgemuth M, Lemmers RJ, Jonker M, van der Kooi E, Hor-
lings CG, van Engelen BG, van der Maarel SM, Padberg GW,
Voermans NC (2018) A family-based study into penetrance in
facioscapulohumeral muscular dystrophy type 1. Neurology
91(5):e444—e454. https://doi.org/10.1212/WNL.0000000000
005915

7. Ricci G, Mele F, Govi M, Ruggiero L, Sera F, Vercelli L, Bettio
C, Santoro L, Mongini T, Villa L, Moggio M, Filosto M, Scarlato
M, Previtali SC, Tripodi SM, Pegoraro E, Telese R, Di Muzio A,
Rodolico C, Bucci E, Antonini G, D’Angelo MG, Berardinelli A,
Maggi L, Piras R, Maioli MA, Siciliano G, Tomelleri G, Angelini
C, Tupler R (2020) Large genotype-phenotype study in carriers
of D4Z4 borderline alleles provides guidance for facioscapulo-
humeral muscular dystrophy diagnosis. Sci Rep 10(1):21648.
https://doi.org/10.1038/s41598-020-78578-7

8. Caputo V, Megalizzi D, Fabrizio C, Termine A, Colantoni L,
Caltagirone C, Giardina E, Cascella R, Strafella C (2022) Update
on the Molecular Aspects and Methods Underlying the Complex
Architecture of FSHD. Cells 11(17):2687. https://doi.org/10.3390/
cells11172687

9. Ruggiero L, Mele F, Manganelli F, Bruzzese D, Ricci G, Vercelli
L, Govi M, Vallarola A, Tripodi S, Villa L, Di Muzio A, Scar-
lato M, Bucci E, Antonini G, Maggi L, Rodolico C, Tomelleri G,
Filosto M, Previtali S, Angelini C, Berardinelli A, Pegoraro E,


https://doi.org/10.1136/practneurol-2015-001353
https://doi.org/10.1212/WNL.0b013e3182a84140
https://doi.org/10.1212/WNL.0b013e3182a84140
https://doi.org/10.1212/WNL.0b013e3182897116
https://doi.org/10.1212/WNL.0b013e3182897116
https://doi.org/10.1016/j.ejpn.2011.04.003
https://doi.org/10.1007/s00415-017-8525-9
https://doi.org/10.1212/WNL.0000000000005915
https://doi.org/10.1212/WNL.0000000000005915
https://doi.org/10.1038/s41598-020-78578-7
https://doi.org/10.3390/cells11172687
https://doi.org/10.3390/cells11172687

Neurological Sciences (2025) 46:4633-4643

4643

10.

11.

12.

13.

14.

Moggio M, Mongini T, Siciliano G, Santoro L, Tupler R (2020)
Phenotypic Variability Among Patients With D4Z4 Reduced
Allele Facioscapulohumeral Muscular Dystrophy. JAMA Netw
Open 3(5):204040. https://doi.org/10.1001/jamanetworkopen.
2020.4040

Giardina E, Camaiio P, Burton-Jones S, Ravenscroft G, Henning
F, Magdinier F, van der Stoep N, van der Vliet PJ, Bernard R,
Tomaselli PJ, Davis MR, Nishino I, Oflazer P, Race V, Vishnu
VY, Williams V, Sobreira CFR, van der Maarel SM, Moore SA,
Voermans NC, Lemmers RJLF (2024) Best practice guidelines
on genetic diagnostics of facioscapulohumeral muscular dystro-
phy: Update of the 2012 guidelines. Clin Genet. https://doi.org/
10.1111/cge.14533

Ricci G, Ruggiero L, Vercelli L, Sera F, Nikolic A, Govi M, Mele
F, Daolio J, Angelini C, Antonini G, Berardinelli A, Bucci E, Cao
M, D’Amico MC, D’Angelo G, Di Muzio A, Filosto M, Maggi
L, Moggio M, Mongini T, Morandi L, Pegoraro E, Rodolico C,
Santoro L, Siciliano G, Tomelleri G, Villa L, Tupler R (2016)
A novel clinical tool to classify facioscapulohumeral muscular
dystrophy phenotypes. J Neurol 263(6):1204—14. https://doi.org/
10.1007/s00415-016-8123-2

Landouzy L, Dejerine J (1885) De la myopathie atrophique
progressive; myopathie héréditaire, sans neuropathie, debutant
d’ordinaire dans I’enfance par la face, Paris: F. Alcan

Goselink RJM, Voermans NC, Okkersen K, Brouwer OF, Pad-
berg GW, Nikolic A, Tupler R, Dorobek M, Mah JK, van Enge-
len BGM, Schreuder THA, Erasmus CE (2017) Early onset faci-
oscapulohumeral dystrophy - a systematic review using individual
patient data. Neuromuscul Disord 27(12):1077-1083. https://doi.
org/10.1016/j.nmd.2017.09.007

Vercelli L, Mele F, Ruggiero L et al (2021) A 5-year clini-
cal follow-up study from the Italian National Registry for

15.

16.

17.

FSHD. J Neurol 268(1):356-366. https://doi.org/10.1007/
s00415-020-10144-7

Ricci G, Cammish P, Siciliano G, Tupler R, Lochmuller H, Evan-
gelista T (2019) Phenotype may predict the clinical course of faci-
oscapolohumeral muscular dystrophy. Muscle Nerve 59(6):711-
713. https://doi.org/10.1002/mus.26474

Wang Z, Qiu L, Lin M, Chen L, Zheng F, Lin L, Lin F, Ye Z,
Lin X, He J, Wang L, Lin X, He Q, Chen W, Lin Y, Fu Y, Wang
N (2021) Prevalence and disease progression of genetically-con-
firmed facioscapulohumeral muscular dystrophy type 1 (FSHD1)
in China between 2001 and 2020: a nationwide population-based
study. Lancet Reg Health West Pac 22(18):100323. https://doi.
org/10.1016/j.lanwpc.2021.100323

Loonen TGJ, Horlings CGC, Vincenten SCC, Beurskens CHG,
Knuijt S, Padberg GWAM, Statland JM, Voermans NC, Maal
TJJ, van Engelen BGM, Mul K (2021) Characterizing the face in
facioscapulohumeral muscular dystrophy. J Neurol 268(4):1342—
1350. https://doi.org/10.1007/s00415-020-10281-z

. Puma A, Tammam G, Ezaru A, et al (2025) Double trouble: a

comprehensive study into unrelated genetic comorbidities in adult
patients with Facioscapulohumeral Muscular Dystrophy Type 1.
Eur J Hum Genet. https://doi.org/10.1038/s41431-024-01770-0

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1001/jamanetworkopen.2020.4040
https://doi.org/10.1001/jamanetworkopen.2020.4040
https://doi.org/10.1111/cge.14533
https://doi.org/10.1111/cge.14533
https://doi.org/10.1007/s00415-016-8123-2
https://doi.org/10.1007/s00415-016-8123-2
https://doi.org/10.1016/j.nmd.2017.09.007
https://doi.org/10.1016/j.nmd.2017.09.007
https://doi.org/10.1007/s00415-020-10144-7
https://doi.org/10.1007/s00415-020-10144-7
https://doi.org/10.1002/mus.26474
https://doi.org/10.1016/j.lanwpc.2021.100323
https://doi.org/10.1016/j.lanwpc.2021.100323
https://doi.org/10.1007/s00415-020-10281-z
https://doi.org/10.1038/s41431-024-01770-0

	Describing phenotypes in FSHD: an update of the comprehensive clinical evaluation form
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


