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Abstract

Objective To study scapular winging or other forms of scapular dyskinesis (condition of alteration of the normal position
and motion of the scapula) in myotonic dystrophy type 1 (DM1), which is generally considered to be a distal myopathy, we
performed an observational cohort study.

Methods We performed a prospective cohort study on the clinical features and progression over time of 33 patients with DM1
and pronounced, mostly asymmetric scapular winging or other forms of scapular dyskinesis. We also explored if scapular
dyskinesis in DM1 has the same genetic background as in facioscapulohumeral muscular dystrophy type 1 (FSHD1).
Results The cohort included patients with congenital (n=3), infantile (n=6) and adult-onset DM1 (n=24). Scapular girdle
examination showed moderate shoulder girdle weakness (mean MRC 3) and atrophy of trapezius, infraspinatus, and rhomboid
major, seemingly similar as in FSHD1. Shoulder abduction and forward flexion were limited (50-70°). In five patients, scapular
dyskinesis was the initial disease symptom; in the others it appeared 1-24 years after disease onset. Follow-up data were avail-
able in 29 patients (mean 8 years) and showed mild to severe increase of scapular dyskinesis over time. In only three patients,
DMI1 coexisted with a FSHD mutation. In all other patients, FSHD was genetically excluded. DM2 was genetically excluded in
nine patients. The clinical features of the patients with both DM1 and FSHD1 mutations were similar to those with DM1 only.
Conclusion Scapular dyskinesis can be considered to be part of DM1 in a small proportion of patients. In spite of the clinical
overlap, FSHD can explain scapular dyskinesis only in a small minority. This study is expected to improve the recognition
of shoulder girdle involvement in DM1, which will contribute to the management of these patients.
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Introduction gradually. Proximal muscle weakness in the arms or shoul-

der girdle weakness may arise later in the disease and gener-

Muscle weakness in myotonic dystrophy type 1 (DM1) typi-
cally occurs in distal upper and lower limbs, neck and face
muscles. Bulbar and respiratory muscle weakness evolves
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ally remains less pronounced than distal muscle weakness.
Early pronounced involvement of the proximal muscles in
DMI has only rarely been reported [1-4].

Similarly, scapular winging has received only little atten-
tion in DM1 [5-7]. Scapular winging is one of the mani-
festations of scapular dyskinesis which refers to the altera-
tion of the position and motion of the scapula, secondary to
weakness or discoordination of the serratus anterior muscle
and other scapular fixators [8]. It thus points to a scapular
dyskinetic motor profile and not to a movement disorder
caused by a central nervous system disease. This dyskinesis
results in an abnormal scapulohumeral rhythm in all three
planes (Supplemental Fig. 1 and 2). Hamano et al. reported
two members of the same family with adult-onset DM1 and
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scapular winging. On muscle MRI, marked atrophy of the
serratus anterior and latissimus dorsi muscle was seen in
both [5]. In the patient reported by Masciullo et al., scapu-
lar winging was associated with the coexistence of FSHD1
[6]. In the fourth patient, DM1 was suspected because of
the positive family history in spite of the atypical presenta-
tion with scapular winging [7]. These reports call for further
research into the prevalence, features and pathophysiology
of scapular dyskinesis in DM1.

We, therefore, performed a prospective cohort study of
33 patients with DM1 and pronounced, mostly asymmet-
ric, abnormal scapular position and motion with more pro-
nounced proximal than distal weakness. We systematically
assessed DM1 severity and characteristics, shoulder girdle
strength, maximal range of shoulder abduction and forward
flexion, and evaluated the progression over time. The type
of scapular dyskinesis was retrospectively classified [8].
All patients were genetically tested for FSHD1, nine were
tested for myotonic dystrophy type 2 (DM2), and in seven
patients, the D4Z4 methylation was assessed, with subse-
quent sequencing of SMCHD1 when appropriate. This study
is expected to improve the recognition and understanding of
shoulder girdle involvement in DM1, which eventually will
contribute to better management of these patients.

Methods
Patients

In the last years, we paid attention to overt shoulder involve-
ment occurring in DM1 patients at the outpatient depart-
ments of the Institute of Myology in Paris, France and the
Radboudumc in Nijmegen, the Netherlands. The total cohort
of DM patients followed up in these centres was approxi-
mately 900 and 300 patients, respectively. We systematically
assessed all DM1 patients with known scapular dyskinesis.
The study was performed according to the guidelines of the
local ethical committees, and informed consent was obtained
from all patients for use of the photographs and videos.

Patients meeting the following inclusion criteria were
included:

(1) DM1 confirmed by genetic testing; (2) more pro-
nounced scapular girdle weakness (modified Medical
Research Council (MRC) <3 and inability to perform the
whole range of motion against gravity) than distal muscle
weakness in upper and lower limbs (MRC > 3 and ability
to perform the whole range of motion against gravity); (3)
moderate-to-severe scapular dyskinesis (alteration of the
normal position and motion of the scapula) described by
two neurologists specialized in neuromuscular diseases (BE
and NV) and confirmed by a physical therapist specialized
in scapular dyskinesis on photographs and videos (J1J); (4)
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ambulatory at onset of scapular girdle weakness; and (5) no
other explanation for scapular dyskinesis other than weak-
ness and/or discoordination of the scapular fixator muscles.

Clinical evaluation
DM1 disease severity and features

CTG expansion length and DM1 type (congenital, infan-
tile, juvenile, adult onset) were extracted from the medical
record. Muscle strength was assessed by MRC measurement
of elbow flexors and extensors, wrist flexors and extensors,
finger flexors and extensors, hip flexion, extension, abduc-
tion, and adduction, knee flexors and extensors, and foot
dorsiflexion and plantar flexion. DM1 disease severity was
rated by the muscular impairment rating scale (MIRS) [9]:
(1) no muscular impairment; (2) minimal signs; myotonia,
jaw and temporal wasting, facial weakness, neck flexor
weakness, ptosis, nasal speech, no distal weakness except
isolated digit flexor weakness; (3) distal weakness; no proxi-
mal weakness except isolated elbow extensor weakness; (4)
mild-to-moderate proximal weakness (MRC scale 4); and
(5) severe proximal weakness (MRC scale <3). We added a
modified MIRS score: the ‘MIRS lower limb (LL)’ to rule
out the effect of shoulder girdle weakness, whose presence
automatically results in a MIRS score of at least four due to
proximal muscle involvement.

The presence of facial muscle weakness, dysarthria,
dysphagia, cervical weakness (neck flexors and extensors
MRC scale <4), stepping gate, myotonia, and hypersomnia
was assessed as dichotomous outcome: present or absent.
Functional ability was tested with the 10-m walk test and
the Walton scale. Data on respiratory muscle involvement
(vital capacity and use of non-invasive ventilation) and
cardiac muscle involvement (cardiac conduction defect
and arrhythmia, pacemaker implantation), cataracts and
mental retardation were collected. In addition, CK levels
were noted.

Shoulder girdle strength and muscle mass

Clinical evaluation of shoulder girdle strength included
manual muscle testing of shoulder girdle muscles using the
MRC during shoulder abduction and forward flexion and
range of maximal shoulder abduction and forward flexion
(simultaneously tested at both sides). Furthermore, muscle
mass of trapezius descendens and infraspinatus was evalu-
ated qualitatively (atrophy or no atrophy). Progression over
time was evaluated by repetitive evaluations and subsequent
visits to the outpatients department and photographs. We
calculated the loss of shoulder abduction and forward
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flexion per year by taken the average loss of degrees of
movements for left and right and divide by the number of
years of follow-up.

Scapular dyskinesis classification

Normal scapular movement was defined as follows: the scap-
ula normally moves over three axes continuously (Supplemen-
tal Fig. 1). During normal scapular movement, the scapula
follows the arm in elevation and abduction in upward rotation,
posterior tilt and internal rotation. When the arm moves down-
ward again, the scapula follows in downward rotation, external
rotation and anterior tilt [10]. Scapular dyskinesis was defined
as an alteration in the normal position or motion of the scapula
during coupled scapulohumeral movements, and was classi-
fied as prominence of the inferomedial border of the scapula
(type 1; tipping); prominence of the entire medial border (type
2; winging), or prominence of the superomedial border (type
3; superior translation) (Supplemental Fig. 2) [8]. The term
shoulder dyskinesis does not imply a cause in the peripheral
or central nervous system; it reflects the functional distur-
bance occurring as a combination of shoulder girdle muscle
weakness and altered coordination of shoulder girdle move-
ments. The shoulder dyskinesis was retrospectively assessed
in patients of whom sufficient photographs (and videos) were
taken during consultations at onset and during follow-up by
two neurologists and an experienced shoulder physical thera-
pist (JIJ). Right and left shoulders were separately classified
as type 1, 2 or 3 dyskinesis.

Genetic analysis of FSHD and DM2

Genetic testing for FSHD1 and DM2 was performed in Paris
and Marseille, France and in Leiden, the Netherlands. In addi-
tion, blood samples of seven patients were sent from France to
Leiden in 2017 for assessment of D4Z4 methylation as previ-
ously reported. This included testing for the presence of a per-
missive haplotype [11]. Subsequent genetic testing on FSHD2
was performed if appropriate [12, 13].

Data analysis

Qualitative variables are expressed as number (72) and percent-
age (%), and quantitative variables as means, standard devia-
tion (SD) and range. For the comparison between groups, we
used the unpaired ¢ test.

Data availability statement

Anonymized data of individual patients will be shared by
request from any qualified investigator.

Results
Patients

We identified 44 patients with scapular dyskinesis of
which 11 were excluded for the following reasons. Five
patients had a limitation of shoulder abduction and atrophy
of the shoulder muscles but without scapular dyskinesis,
two patients had more pronounced distal than proximal
muscle weakness, in three patients the scapular dyski-
nesis and limitation of arm elevation could be explained
by axial muscle weakness rather than of weakness of the
scapula fixators, and in one patient, DM1 was not geneti-
cally confirmed. Hence, we included 33 patients from 29
families (30 at the Institute of Myology and 3 at the Rad-
boudumc). A description of the patient characteristics is
shown in Table 1. Clinical follow-up data were available
in 29 patients (mean duration of follow-up of 8§ years, with
2-12 visits), and images (photographs or videos) in 21
patients. Supplemental Table 2 shows the findings of sub-
sequent visits in individual patients.

The cohort included patients with congenital (n=3),
infantile (n=3), juvenile (n=2), adult-onset DM1
(n=23), and late onset (n=2). It included four families
with two members with scapular dyskinesis. Three of them
consisted of two affected brothers. In one of these three
families, three other siblings with DM1 had no shoulder
girdle weakness or scapular dyskinesis. The fourth family
consisted of two affected cousins with a congenital and
an infantile form of DM1. Their mothers, who are sisters,
had DM1 but without scapular dyskinesis. One patient was
initially diagnosed with both DM1 and FSHD by a neu-
rologist specialized in neuromuscular diseases, and FSHD
was later excluded by genetic testing.

Clinical features
DM1 features and disease severity

Clinical features of DM1, including MIRS, respiratory and
cardiac involvement and functional abilities are shown in
Table 1. The MIRS pointed to mild-to-moderate proximal
weakness in most patients at last evaluation (mean MIRS
4.2; MIRS 2: n=1; MIRS 3: n=2; MIRS 4; n=17 and
MIRS 5: n=11; not available: n=2). No difference could
be seen between the MIRS and the MIRS modified for only
lower limbs. We observed symmetrical facial weakness
in 97%, dysarthria in 48%, dysphagia in 36%, respiratory
muscle weakness for which non-invasive ventilation was
required in 47%, and cardiac involvement leading to pace-
maker use in 30%. Data of individual patients, including
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Table 1 Patient characteristics

. . n Mean + SD [range]/number (%)
and DM disease severity
Age at last evaluation (years) 33 48.1+11.6 [23-69]
Sex 33
Male 25 (76)
Female 8 (24)
CTG expansion (length) 33 679+312 [93-1500]
Follow-up in years 33 8.3+4.6 [0-24]
Type of DM1: 33
Congenital 309
Infantile 309
Juvenile 2 (6)
Adult onset 23 (70)
Late onset 2 (6)
MIRS LL at last evaluation 31 4.2+0.6 [2-5]
MIRS 2: n=1
MIRS 3: n=2
MIRS 4: n=17
MIRS 5: n=11
MIRS LL at onset scapular dyskinesis 24 3.5+0.5[34]
Facial weakness 33 32.(97)
Symmetrical 31(94)
Asymmetrical 1(3)
Dysarthria 33 16 (48)
Dysphagia 33 12 (36)
Cervical weakness 33 32 (97)
Stepping gate 33 29 (88)
Myotonia 33 28 (85)
10-m walk test (s) 28 18.2+10.0 (7 - 120)
‘Walton score 26 42+143B-17)
Vital capacity (in % for age, sex and length) 30 68+17 (34 -104)
Non-invasive ventilation 32
Yes 15 (47)
No 17 (53)
Hypersomnia 32 7(22)
Cardiac involvement 33
Conduction defect 6 (18)
Arrhythmia 4(12)
Pacemaker implantation 10 (30)
No involvement 23 (70)
Cataract 31 21 (68)
Mental retardation 33 309
CK level (U/1) 29 246 +136 (80 — 686)

Data presented as mean + SD [range] or n (%)

results of MRC muscle strength measurement of distal
arm and lower limb muscles, are shown in Supplemental
Table 1. Sensory disturbances and fasciculations were not
observed.

The three patients with both DM1 and FSHD1 mutations
(patients 1-3; Supplemental Table 1) had similar clinical
DM1 features compared to the patients without a FSHD1
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mutation. One patient had an involvement of the respiratory
and cardiac muscles.

Shoulder girdle strength and muscle mass
The results of assessment are shown in Table 2. The

mean age of onset of shoulder girdle weakness was
26.9 +10.8 years. The mean muscle strength of the shoulder
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Table 2 Shoulder girdle weakness and scapular dyskinesia

Shoulder girdle weakness: maximal abduction and anteflexion
(n=33)
Age of onset of shoulder girdle weakness 26.9 +10.8 [0-52]
(mean age in years + SD [range])

Degree of maximal shoulder abduction at 70/60+40/35 [0-180]
last evaluation (mean range in degrees
+ SD [range])

Degree of maximal shoulder anteflex- 60/50 +28/28 [20/0—
ion at last evaluation (mean range in 180]
degrees + SD [range])
Shoulder girdle atrophy (n=15-6) (%)
Atrophy of trapezius descendens (n=15) 12 (80)
Atrophy of infraspinatus (n=16) 6 (38)
Scapular dyskinesis (n=33) (%)
Age-onset scapular dyskinesis (mean age 37.9+11.5 [6-61]
in years + SD [range])

Scapular dyskinesis characteristics

Unilateral 10 (30)
Bilateral 23 (70)
Symmetrical 11 (33)
Asymmetrical 22 (67)
Left 6 (27)
Right 15 (68)
Unknown 1(5)
Right Left

Scapular dyskinesis classification (based on retrospective visual
evaluation of photographs)

(n=21)

Type 1: prominence of the inferomedial 1(5) 1(5)
border of the scapula (tipping)

Type 2: prominence of the entire medial 7 (33) 3(14)
border (winging)

Type 3: prominence of the superomedial 11 (34) 16 (76)
border (superior translation)

No dyskinesis 0(0) 1(5)

Data presented as mean + SD [range] or n (%)

girdle was MRC 3, varying between MRC 2 and 5 (at least
unilaterally < 3). The mean maximal degree of shoulder
abduction was 70/60 (right/left) and of shoulder forward
flexion 60/50 (right/left), but both with a large range of
0°-180° (at least unilaterally reduced motion) (Table 2 and
Supplemental Table 2).

Besides involvement of the scapula fixator muscles, the
other muscles of the scapular girdle showed atrophy: 80% of
the patients had atrophy (symmetrical or asymmetrical) of
the trapezius and 38% showed atrophy of the infraspinatus.
Figure 1 shows six patients with different patterns of shoul-
der girdle weakness and scapular dyskinesis.

The mean onset of scapular dyskinesis was at age
38 years, 11 years after the mean onset of shoulder gir-
dle muscle weakness. However, in five patients, scapular

dyskinesis was the initial symptom: patient 2 (female, both
DMI1 and FSHD1, 46 years at presentation, asymmetrical),
patient 6 (male, 34 years, symmetrical), patient 16 (male,
36 years, symmetrical), patient 21 (male, 15 years; asym-
metrical), and patient 22 (female, 41 years; symmetrical)).

In the two other patients with both DM1 and FSHD1
mutations (patients 1 and 3), scapular dyskinesis appeared
14 and 21 years after the onset of muscle weakness.

Scapular dyskinesis and follow-up

Scapular dyskinesis classification could be assessed in 21
patients based on retrospective evaluation of photographs
and/or videos. It was mostly bilateral (70%) and asymmetri-
cal (67%) with a dominant involvement of the right side
(Table 2 and Supplemental Table 2). Most patients showed a
type 3 dyskinesis [superior translation; 11/21 (52%) on right
and 16/21 (76%) on left side], some with overactivation of
rhomboids, levator scapulae and minor pectoral muscles,
which will probably increase the tendency for downward
rotation of the scapula.

Follow-up data of shoulder girdle weakness and scapular
dyskinesis were available in 29 of the 33 patients with an
overall mean follow-up of 8 years. All patients showed an
increase of the scapular dyskinesis over time (Table 2; Sup-
plemental Tables 1 and 2; Figs. 1, 2, 3). This progression
was clearly captured on subsequent photographs, of which
two examples are shown in Figs. 2 and 3. In three out of the
ten patients with unilateral scapular dyskinesis at onset, the
scapular dyskinesis became bilateral during the course of the
disease. Furthermore, a decrease in the degree of shoulder
movements, forward flexion and abduction, was seen in all
29 patients with follow-up. In 12 patients, this was a rapid
decline from normal range of movement (forward flexion
and abduction of 180°) to severe shoulder disability (forward
flexion and abduction of 20°-50°) in less than 10 years. The
mean loss of forward flexion and abduction was 10.3° and
6.3° per year.

Genetic analysis of FSHD and DM2

Genetic testing for FSHD1 was performed in Paris, France
(n=24) and in Leiden, the Netherlands (n=12) additional
testing for the presence of a permissive haplotype was per-
formed in 11 patients, and methylation levels were assessed
in 7 patients. A contraction of the D4Z4 repeat to 1-10
units on the permissive 4qA haplotype, indicating FSHDI,
was detected in three patients. They had a contraction of
the D4Z4 repeat of 8, 9 and 10 units, respectively (patients
1-3). In four patients, FSHD1 testing showed a D474 repeat
of 11 units (patients 4-7). Blood samples of six patients
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Fig.1 Six patients with shoulder girdle weakness and scapular dys-
kinesis. Upper row—Ileft image (patient 10): age 65 years, adult form
DM1, onset scapular dyskinesis at age 12 years, D4Z4 repeat of 9 on
chromosome 4qA, SD type 3 on both sides, overactivation of rhom-
boideus minor muscles. Middle image (patient 25): age 35 years,
adult form DM1, onset scapular dyskinesis at age 10 years, FSHD
negative, SD type 3 on the right side. Right image (patient 6) age
54 years, adult form DM1, onset scapular dyskinesis at age 48 years,
FSHD negative, SD type 3 on the left side. Bottom row—Ieft image

(patient 11): age 21 years, congenital form DM, onset scapular dys-
kinesis at age 20 years, FSHD not tested SD type 3 on both sides,
severity R>L, rhomboid minor over active. Middle image (patient
31): age 30 years, congenital form DM1, onset scapular dyskinesis
at age 20 years, FSHD not tested, Sd type 2 on the right side. Right
image (patient 29): age 28 years, infantile form DM, onset scapular
dyskinesis at age 26 years, FSHD negative, SD type 1 on the right
side and type 3 on the left side

Fig.2 Patient 17 during follow
of 13 years. Patient 17 with
adult form DM, onset scapular
dyskinesia at age 54 years,
FSHD negative, with range of
maximal motion in degrees

2004 (56 years)

Abduction (left/right): 80/80

Anteflexion: 90/90

2013 (67 years) 2017 (71 years)

Abduction (left/right): 65/70

Abduction (left/right): 45/45

Anteflextion: 50/60 Anteflextion: 60/60

were analyzed in Leiden for FSHD2 and for changes in
methylation by Southern blotting and methylation-sensitive
restriction enzyme Fsel [13]. For one sample (patient 5;
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—35%), we found deltal methylation value of —35%, which
is far below the threshold for FSHD2 (—21%). However,
SMCHDI Sanger sequencing did not reveal any potential
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Fig.3 Patient 8 during follow-
up of 10 years. Patient 8 with
adult form of DM, onset scap-
ular dyskinesia at age 51 years,
FSHD negative, with range of
maximal motion in degrees

2008 (51 years)

2011 (54 years) 2013 (56 years)

Abduction (left/right): 100/100

Anteflexion: 140/140

Abduction (left/right): 80/90 Abduction (left/right): 70/75

Anteflexion: 100/140 Anteflexion: 80/80

pathogenic variants and the shortest permissive allele was
much longer (74 units) than the typical repeat size found
in FSHD?2 patients (8—20 units) [14]. Furthermore, detailed
Southern blot analysis did not reveal an FSHD2-associated
D474 duplication in him (patient 5) [15] DM2 was geneti-
cally excluded in nine patients (Supplemental Table 1).

Discussion

We here report the clinical features and progression over
time of 33 patients with DM1 and pronounced, mostly
asymmetrical scapular dyskinesis resulting from shoulder
girdle weakness or discoordination of the scapular fixator
muscles or both. This occurred in all subtypes of DM1
(from congenital to late onset), either as an early mani-
festation or later in the disease course. Genetic studies
showed a concomitant FSHD1 mutation (D4Z4 repeat of
8—10 units) in 3 of 33 patients, and reduced methylation
of the D474 repeat (deltal: —35) in 1 of 9 patients tested;
however, in absence of a SMCHDH 1 mutation, there-
fore, excluding FSHD2. We conclude that shoulder girdle
weakness with scapular dyskinesis is an inherent feature
of DM in a small subset of patients. This study thus con-
firms the previous reports in single cases [5, 7].

The DM patients with scapular dyskinesis were mildly
to severely affected (MIRS 2: n=1; MIRS 3: n=2; MIRS
4: n=17; MIRS 5: n=11) and had otherwise typical DM1
features. The mean MIRS score at last evaluation was 4.2.

We observed symmetrical facial weakness in 97%, dysar-
thria in 48%, respiratory muscle weakness for which non-
invasive ventilation was required in 47%, and cardiac con-
duction defects leading to pacemaker use in 30%. Overall,
these severity parameters are above the mean severity
scores reported in an adult DM1 population (and in the
registry cohort) [16].

The retrospective evaluation of successive photographs
and videos of 21 patients shed light on the abnormal position
and motion of the scapula. Most patients showed a type 3
scapular dyskinesis (superior translation), some with over-
activation of rhomboids, levator scapulae and minor pectoral
muscles, which is likely to increase the tendency for anterior
tilt, downward rotation, and internal rotation of the scapula.
Recruitment of serratus anterior and trapezius descendens
seemed very limited and decreased over time, disabling the
scapula in stabilizing in posterior tilt, upward rotation and
external rotation. This subsequently causes an increase in
scapular dyskinesis. This pattern is very similar to our obser-
vations in FSHD patients. The scapular dyskinesis was in
all cases associated with a progressive reduction of range of
motion of shoulder abduction and forward flexion.

The systematic assessment of shoulder girdle strength and
function which has been performed in IM from 2000 to 2017
enables a rough speculation of the scapular dyskinesis in
DM1: 30 patients among a population of 900 patients sug-
gests a prevalence of 3%. This might be an underestimation
since only patients with more proximal than distal weakness
were included, whereas scapular dyskinesis may also occur
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in patients with pronounced distal weakness. Furthermore,
patients with scapular dyskinesis type 1 with still shoulder
abduction MRC > 3 were not included either. The three cases
detected in the Netherlands in 2015-2017 confirm the exist-
ence of this manifestation in another population.

The recognition of this DM1 phenotype, although rare,
is important for timely management since clinicians might
neglect the testing of muscles that are not considered to be
typically involved in a specific disease. Similarly, patients
might fail to report the limitation in shoulder movements
since they consider it part of their muscle disease. Further-
more, one patient was initially misdiagnosed with FSHD by
a neurologist specialized in neuromuscular diseases. Only
after genetic testing, FSHD was excluded leading to consider
the DM1 diagnosis. In five patients the scapular dyskine-
sis was the presenting symptom, and in all other patients
it developed after DM1 was diagnosed, with a mean dis-
ease duration of 11 years. This underlines the importance
of shoulder girdle function testing in all DM1 patients on
annual checkup.

Patients with winging report diffuse neck, shoulder gir-
dle, and upper back pain, which may be debilitating, associ-
ated with abduction and overhead activities [17]. First, it is
important to differentiate between patients that show scapu-
lar dyskinesis as a consequence of muscle weakness and
patients that show disorganization of activation in scapular
stabilizers. The latter group may be treated with motor con-
trol therapy, which would enable them to relearn correct
activation patterns [18]. This training is expected to improve
the stabilization of the scapula on the thoracic wall and pos-
sibly protecting the re-activated musculature against accel-
erated dystrophy due to inactivity. Furthermore, scapular
dyskinesis due to muscle weakness of the scapular fixators is
most obvious during active movements and is usually absent
at rest [19]. Furthermore, decreased shoulder abduction and
forward flexion can also be caused by weakness of the axial
muscles. In these patients presenting with camptocormia,
symmetrical scapular dyskinesis and a limitation of shoul-
der abduction and forward flexion, support of paraspinal
muscles (by lying down or sitting straight on a chair with
backrest) reduces the limitations in shoulder movements and
resolves scapular dyskinesis. This makes postural therapy a
viable option to explore in further research.

At the onset of this study, we had different hypothesis on
the causes of shoulder girdle involvement. The first hypoth-
esis, coexistence of DM1 and FSHD1, was based on the fact
that the two diseases are the two most common inherited
myopathies in adulthood and were simultaneously detected
in one of the previous case reports [6]. We tested all patients,
and only in three patients (1, 2 and 3; 9%) FSHD1 was genet-
ically confirmed. Remarkably, all three had a D474 repeat
size (8—10 units) that is found in the normal population with
a frequency of 1-3% [20, 21]. Therefore, this finding might
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as well be coincidental. A second hypothesis, coexistence of
DM1 and DM2 was also rejected based on negative genetic
testing for DM2 in nine patients.

To look for other explanations and, additional genetic
analysis was performed based on the clinical similarity with
FSHD. FSHD?2, which is the cause of FSHD in less than 5%
of the patients [13], was excluded by D4Z4 CpG methylation
analysis in eight out of nine patients. In only one patient, we
found D474 hypomethylation and a permissive 4qA allele,
but without identifying a pathogenic SMCHDI variant [14].
Hence, the hypothesis of a FSHD2 mutation or D474 hypo-
methylation otherwise as explanation for scapular dyskinesis
in DM1 seems unlikely based on these results, but remains
to be rejected in a larger group of patients. Together, these
findings suggest that the molecular mechanism is independ-
ent of the known FSHD pathophysiology in most patients.

There are a number of limitations. First, DNA samples
were unavailable in four patients. This limited the screening
for FSHD1 and 2, and DM2, which should be part of diag-
nostic analysis in all DM1 patients with pronounced shoul-
der girdle weakness or scapular dyskinesis who do not have
a D474 repeat contraction. Second, we have taken only sub-
sequent photographs in most patients, while videos would
have enabled a more accurate assessment of scapular dyski-
nesis. Our preferred next research step would, therefore, be
a comparative trial on the effect of targeted physical therapy
on scapular dyskinesis in both DM1 and FSHD patients,
including quantitative clinical assessment and imaging (MRI
or muscle ultrasound) before and after treatment [22, 23].
Furthermore, such study will allow estimating the preva-
lence of this condition.

In short, this study demonstrates that scapular dyski-
nesis resulting from shoulder girdle weakness or altered
coordination or both occurs in a subgroup of DM1
patients. Although coexistence of FSHDI1 needs to be
excluded, scapular dyskinesis is inherent to DM1 in most
patients, independent of the DM1 type. This knowledge is
essential for adequate management.
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