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Abstract.
Background: Congenital myopathies are rare neuromuscular disorders presenting with a wide spectrum of clinical features,
including long bone fractures (LBFs) that negatively influence functional prognosis, quality of life and survival. Systematic
research on bone quality in these patients is lacking.
Objective: This scoping review aims to summarize all evidence on bone quality and to deduce recommendations for bone
quality management in congenital myopathies.
Methods: Five electronic databases (Pubmed, Embase, Cochrane, Web of Science, CINAHL) were searched. All studies
on bone quality in congenital myopathies were included. Decreased bone quality was defined as low bone mineral density
and/or (fragility) LBFs. Study selection and data extraction were performed by three independent reviewers.
Results: We included 244 single cases (mean: 4.1 ± 7.6 years; median: 0 years) diagnosed with a congenital myopathy from
35 articles. Bone quality was decreased in 93 patients (37%) (mean: 2.6 ± 6.8 years; median: 0 years). Low bone mineral
density was reported in 11 patients (4.5%) (mean: 10.9 ± 9.7; median: 11 years). Congenital LBFs were reported in 64
patients (26%). (Fragility) LBFs later at life were described in 24 patients (9.8%) (mean: 14.9 ± 11.0; median: 14 years).
Four cases (1.6%) were reported to receive vitamin D and/or calcium supplementation or diphosphonate administration.
Conclusion: LBFs are thus frequently reported in congenital myopathies. We therefore recommend optimal bone quality
management through bone mineral density assessment, vitamin D and calcium suppletion, and referral to internal medicine
or pediatrics for consideration of additional therapies in order to prevent complications of low bone mineral density.
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ABBREVIATIONS

ACTA1 = Actin Alpha 1
ASCC1(-RM) = Activating Signal Cointegrator 1
Complex Subunit 1 (– related myopathy)
BHI = Bone Health Index
BM = Bethlem myopathy
CCD = central core disease
CNM = centronuclear myopathy
DEXA-scan = Dual Energy X-ray absorptiometry
scan
DMD = Duchenne Muscular Dystrophy
HHR = hereditary hypophosphatemic rickets
KLHL40 = Kelch Like Family Member 40
LMOD3 = Leiomodin 3
LBF = long bone fracture
NEB = Nebulin
NEM2 = nemaline myopathy type 2
NEM8 = nemaline myopathy type 8
NM = nemaline myopathy
RYR1(-RM) = Ryanodine receptor type
1(-related myopathy)
SELENON(-RM) = SELENON(-related myopa-
thy)
SMA = spinal muscular atrophy
TNNC2 = Troponin C2
TTN = titin
UCMD = Ulrich congenital muscular dystrophy
VMA21 = Vacuolar ATPase Assembly Factor
(XL-)MTM = (X-linked) myotubular myopathy

INTRODUCTION

Congenital myopathies are a group of rare inher-
ited myopathies that present with a wide spectrum
of clinical features [1]. Frequently reported char-
acteristics include neonatal feeding difficulties and
respiratory weakness, delayed motor development
and scoliosis. Due to the multi-system involvement in
patients with congenital myopathies, physicians from
a broad range of disciplines collaborate to provide
optimal care for this patient group. The low incidence
of congenital myopathies combined with the multi-
system involvement might cause essential clinical
aspects to remain unknown or underexposed to the
health care providers. Therefore, a Consensus State-
ment on Standard of Care for Congenital Myopathies
has been developed, in which among others neu-
rological, cardiac, pulmonary, gastrointestinal, and
orthopedic aspects of care are described [1]. Since
patients with reduced mobility are at increased risk

of low bone mineral density and fragility LBFs, this
guideline recommends that intensive bone quality
evaluation should be undertaken, and that vitamin D
and calcium should be supplemented. However, sys-
tematic studies or reviews on bone quality, including
bone mineral density and (fragility) LBFs, in patients
with congenital myopathies are lacking.

In the adult population, osteopenia and osteoporo-
sis are characterized by low bone mineral density
(T score between –1 and –2.5 SD, and<–2.5 SD
on Dual Energy X-ray absorptiometry scan (DEXA-
scan), respectively), resulting in an increased risk of
bone fractures after a low-impact trauma (fragility
LBFs) [2, 3]. In the pediatric population, osteoporo-
sis is defined as low bone mineral density (z-score
≤–2.0) in combination with a clinically significant
fracture history (i.e. ≥2 fragility LBFs before age of
10, ≥3 fragility LBFs before age of 19, or the pres-
ence of one or more vertebral compression fractures
occurring without major trauma or local disease)
[4]. Primary osteoporosis occurs due to an intrinsic
skeletal defect of genetic or idiopathic origin, most
commonly caused by a form of Osteogenesis Imper-
fecta [5]. Osteoporosis associated with physiological
changes during menopause and ageing (secondary
osteoporosis) is the most common form in adults.
Secondary osteoporosis in children and adults can
also be caused by other diseases or medications,
i.e. malabsorption, immobility, chronic inflammatory
diseases, endocrinologic diseases or steroid use [2,
6]. A number of studies have found a link between
neuromuscular diseases and a higher risk of devel-
oping low bone mineral density and fragility LBFs
[7]. Indeed, it is well-known that Duchenne muscu-
lar dystrophy is associated with an increased risk of
bone fragility caused by a combination of progressive
muscle weakness with loss of weight-bearing activ-
ity and osteotoxicity from prolonged glucocorticoid
therapy [8].

Besides systematic studies or reviews on bone
qualitynatural history studies will provide more
insight on bone quality that can be the basis for
intervention studies [1]. Therefore, in the current
LAST STRONG Study, a natural history study
on patients diagnosed with LAMA2-related mus-
cular dystrophy and SELENON-related myopathy,
we included bone quality assessment by a frac-
ture history and a DEXA-scan [9]. The first results
show decreased bone mineral density and/or fragility
LBFs in the majority of the patients, which was
not always related to immobility alone (unpublished
data).
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LBFs play a role in the functional prognosis, in the
quality of life and in survival of patients with neuro-
muscular diseases [1, 10, 11]. There are clues that
limb immobilization in patients with a neuromus-
cular disease may cause more loss of muscle mass
than in healthy subjects [12]. Patients that experience
fractures of the femurs or lower legs are prone to
lose ambulance permanently [11, 13]. Further, low
bone quality can lead to difficulties in neuromuscu-
lar management and rehabilitation, including surgical
treatments for scoliosis or foot deformities [14, 15].
Moreover, pain caused by LBFs impairs rehabilitative
care resulting in decreased mobilization, pulmonary
function and nutritional intake, all negatively influ-
encing survival [1, 16]. Finally, a previous study
has shown that bisphosphonate treatment in patients
with Duchenne Muscular Dystrophy (DMD) with
clinical bone fragility has improved bone density,
backpain and even survival [17]. Preventing compli-
cations caused by low bone mineral density, including
the prevention of falls, is thus of particular interest in
patients with congenital myopathies.

In order to explore bone quality in congeni-
tal myopathies, to examine the correlation between
bone quality and age, and to deduce recommen-
dations for standardized bone quality assessment
and/or treatment, a scoping review on bone quality in
patients diagnosed with a congenital myopathy was
initiated.

MATERIALS AND METHODS

This scoping review was performed according to
the Preferred Reporting Items for Systematic reviews
and Meta-Analyses extension for Scoping Reviews
(PRISMA-Scr) guidelines, which follows a system-
atic approach to map evidence on a topic with
emerging, heterogenous evidence and identify main
concepts, theories, sources, and knowledge gaps [18].
This approach allowed us to structurally synthesize
evidence and assess the scope of literature on bone
quality in congenital myopathies.

Information sources and search strategy

A literature search was carried out in Pubmed
(MEDLINE database) (United States National
Library of Medicine, United States), Embase (Ovid)
(Excerpta Medica dataBASE, Elsevier, The Nether-
lands), the Cochrane Library (Cochrane, England),
Web of Science (Clarivate Analytics, United States)
and the Cumulative Index to Nursing & Allied Health

Literature (CINAHL) (EBSCO, United States) to
find relevant studies, without limitations on year of
publication at February 15th, 2022. Search terms
included MeSH terms or Emtree terms, synonyms of
congenital myopathy, bone complications (osteope-
nia, osteoporosis, LBF), ancillary investigations to
evaluate bone mineral density (Dual Energy X-ray
absorptiometry (DEXA)-scan and X-ray radiogram-
metry of the hand), and possible treatment strategies
(vitamin D, calcium and/or diphosphonates). It was
aimed to include all known congenital myopathies
subtypes, both classified on the basis of morpholog-
ical features and on the genetic mutation [1, 19].
Assistance to optimize our search strategy was pro-
vided by an information specialist at the Medical
Library in Nijmegen, The Netherlands. In addition,
references of eligible studies were checked for any
studies that were not obtained through our search
strategy (forward and backward citing). The full
search strategies can be found in Supplementary
Table 1. Prior to the start of the study, the study proto-
col was registered at OSF registries (registration DOI:
10.17605/OSF.IO/HBVJP).

Inclusion strategy

Any case report, case series, clinical study or con-
ference abstract with information on bone quality
or complications in patients diagnosed with a con-
genital myopathy was included, without a restriction
on publication year. Decreased bone quality was
defined as low bone mineral density (T < –1,0 in
adults or Z ≤ –2,0 in pediatric population) and/or
(fragility) LBFs. Articles that were not written in
Dutch or English or that were not available in full
text were excluded. Literature reviews were used to
identify new case reports or case series through back-
ward and forward screening, but were not themselves
included in our analysis in order to prevent double
inclusion of cases. All identified cases were col-
lected in EndNote X9 and duplicates were removed.
Each article was independently screened for eligi-
bility by three authors (KB, and AD or JD) based
on title and abstract by using Rayyan Systems
Inc (http://rayyan.qcri.org). Full texts of all poten-
tially relevant studies were subsequently retrieved
and further examined for eligibility. Inconsistencies
were discussed until consensus was reached. The
PRISMA flow diagram provides more detailed infor-
mation regarding the selection process of studies
(See Fig. 1).

http://rayyan.qcri.org


4 K. Bouman et al. / Bone Quality in Congenital Myopathies

Fig. 1. PRISMA flowchart on identification of eligible studies on bone quality in congenital myopathies. The abstracts of the identified
articles were screened and the full-text articles were subsequently assessed for eligibility. N = number;

Data extraction

Data was systematically extracted by two indepen-
dent researchers (KB and AD) using a predesigned
extraction sheet, including information on medical
history (i.e. general medical history, family history,
bone mineral density, LBFs, medicines used) and
ancillary investigations (DEXA-scan, X-ray, blood
tests on calcium and vitamin D). Since the included
articles frequently lacked information on the criteria
for osteopenia and osteoporosis or did not quantify
the degree of decreased bone mineral density into
more details, we followed the exact terminology used
in the included articles to classify decreased bone

mineral density into osteopenia or osteoporosis for
further analysis in our scoping review. A LBF, which
is defined by cortical interruption of the long bone,
was either classified as congenital (present in the first
four weeks of life) or as ‘later at life’ (seen after the
neonatal period, after the first four weeks of life).
Fragility fractures are defined as fractures after low-
energy trauma as a consequence of low bone mineral
density [20]. Since the included articles frequently
did not make a clear distinction between fragility
and non-fragility LBFs, it was decided to refer to
‘(fragility) LBFs’ in this scoping review when the
origin was (partly) unknown. Additionally, demo-
graphic data (i.e. age, gender, nationality etc.) and
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Table 1
Neuromuscular diagnosis of included cases

Congenital myopathy Number of cases (n = 244) Genetic mutation and/or histological subdivision

Nemaline myopathy 178
4 LMOD3
5 ACTA1

20 KLHL40
1 TNNC2
1 NEB

147 Nemalin myopathy without specific genetic
diagnosis

RYR1-RM 27
Congenital titinopathy 13
XL-MTM 8
SELENON-RM 3
ASCC1-RM 5
Remaining or
unspecified congenital
myopathy

10 ACTA1-RM, X-linked myopathy with excessive
autophagy associated with VMA21 mutation,
NEB-RM, Tubular aggregate myopathy, core
myopathy, centronuclear myopathy, Nonspecific
congenital myopathy

Abbreviations. LMOD3 = Leiomodin 3; ACTA1 = Actin Alpha 1; KLHL40 = Kelch Like Family Member 40;
TNNC2 = Troponin C2; NEB = Nebulin; RYR1-RM = Ryanodine receptor type 1-related myopathies; XL-MTM = X-
linked myotubular myopathy; SELENON-RM = SELENON-related myopathies; ASCC1-RM = Activating Signal
Cointegrator 1 Complex Subunit 1 – related myopathy; VMA21 = Vacuolar ATPase Assembly Factor.

neuromuscular disease specific information (type of
congenital myopathy and specific mutation) were
obtained. In more detail, the current age and the age
at which the bone complication was first noted, were
extracted. If the latter was not known, the current age
was used for further data analysis. The data extraction
sheet is added as Supplementary Table 2.

Statistical analysis

Descriptive statistics (mean ± SD, range, median,
percentages) were used to summarize the data on
bone quality in patients diagnosed with a congenital
myopathy.

RESULTS

Case demographics

We identified 244 single cases (M = 37, F = 21;
unknown = 186) with information on bone quality or
complications diagnosed with a congenital myopa-
thy from 35 separate studies, with a mean age of 4.1
years (SD: 7.6 years; range 0 to 34 years; median:
0 years) [21–55]. Of all included cases, 178 patients
were diagnosed with nemaline myopathy (NM) [21,
22, 25, 26, 28, 32, 34, 38, 40, 41, 45, 46, 50–54], 27
patients with Ryanodine Receptor 1-Related Myopa-
thy (RYR1-RM) [23, 28, 35, 43, 49, 55], 13 patients
with congenital titinopathy [29, 42], eight patients

with X-linked myotubular myopathy (XL-MTM)
[27, 28, 31, 48] and three patients with SELENON-
RM [36]. Another five patients with a congenital
myopathy caused by mutations in the ASCC1 gene
were described [24]. Finally, ten patients were diag-
nosed with a congenital myopathy with a different
origin or a congenital myopathy that was not further
histologically or genetically specified [28, 30, 33, 37,
39, 44, 47] (See Table 1).

Bone complications

Ninety-three of 244 patients were reported to have
decreased bone quality (i.e. low bone mineral den-
sity (osteopenia or osteoporosis)) or (fragility) LBFs,
with a mean age at diagnosis of 2.6 years (SD ± 6.8;
range 0 to 34 years; median: 0 years) (See Fig. 2 and
Supplementary Table 3).

Low bone mineral density was found in 11 patients
(4.5%) (mean age: 10.9 ± 9.7 years; median: 11
years). In more detail, four patients had osteope-
nia (NM (LMOD3), n = 1, 8 years; NM (TNNC2),
n = 1, 27 years; NM (undefined), n = 1, 26 years;
CCD (RYR1), n = 1, 4 years) [25, 38, 45, 49],
four patients had osteoporosis (X-linked myopathy
(VMA21 mutation), n = 2, 14 years; MTM, n = 1,
11 years; CNM, n = 1, 16 years) [31, 33, 44], and
three patients were reported to have ‘generalized
hypomineralization’ without any further specifica-
tion (undefined NM, n = 3, neonatal) [41].
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Fig. 2. Bone complications in patients with a congenital myopa-
thy. Number of cases identified with congenital LBFs, LBFs later
in life, decreased bone mineral density or treatment. Treatment
includes vitamin D and/or calcium supplementation or intravenous
diphosphonate administration. N = number; LBF = long bone frac-
ture.

In 64 patients, one or more congenital fractures
were reported (NM (LMOD3), n = 3, NM (ACTA1),
n = 7; NM (KLHL40), n = 11; NM (NEB), n = 1;
RYR1-RM, n = 16, ASCC1-CM, n = 5; undefined
NM, n = 11; XL-MTM, n = 2; congenital titinopa-
thy, n = 5; undefined myopathy, n = 3). Twenty-eight
patients were reported to have multiple congenital
fractures [21–24, 26, 28, 30, 32, 34, 35, 41, 42, 46–48,
50, 51, 54, 55], while in 19 patients only one congen-
ital fracture was present [21, 28, 29, 43, 52, 53]. In
17 patients, the number of congenital fractures was
not described [40, 41]. Congenital fractures of the
humerus (n = 19 [21, 23, 24, 26, 28, 30, 32, 35, 46,
48, 51, 53, 55]) and femur (n = 32 [21–24, 26, 28,
30, 32, 34, 35, 43, 46, 47, 51, 52, 54, 55]) were most
frequently reported. A congenital fracture of the tibia
was reported in four patients [30, 47, 55], of the ulna
and radius in one patient [34], and of the ribs also
only in one patient [47]. In 26 patients, the localiza-
tion of the congenital fractures was not described [24,
29, 40–42, 50] (See Fig. 3).

(Fragility) LBFs later in life (after the neonatal
period) were reported in 24 patients (MTM, n = 17;
RYR1-RM, n = 2; SELENON-RM, n = 1; NEB-RM,
n = 1; CCD, n = 1; CNM, n = 1; undefined NM,
n = 1) (See Fig. 2), with a mean age of 14.9 years
(SD ± 11,0; range 1 to 34 years; median: 14 years). Of
those 24 patients, three patients were reported to have
had a fracture at ‘the pediatric age’ and 13 patients
‘later in life’, both without any further specifications
on age. Of all 24 patients with a fracture later in life,
five patients were reported to have had multiple frac-
tures [27, 31, 37], while six patients were reported

Fig. 3. Number and localization of (fragility) long bone fractures
in patients with a congenital myopathy. LBF = long bone fracture.

to have had a single fracture [25, 36, 44, 49, 56]. In
13 patients, the number of fractures was not reported
[41]. A humeral fracture was described in one patient
[49] and femoral fractures in six patients [25, 31, 36,
39, 44, 49]. None of the patients with a fracture later at
life was reported to have had a fracture of the radius,
ulna or tibia. In one patient, fractures of multiple ribs,
next to fractures of both femurs, was described at
age 1 year without adequate trauma mechanism [31].
In 17 patients, the localization of the fractures was
not described [27, 37, 41] (See Fig. 3). We found no
association between ambulation status and (fragility)
LBFs later in life.

Four patients (MTM, n = 1; NM (LMOD3), n = 1;
CNM, n = 1; CCD, n = 1) were reported to receive
Vitamin D and/or calcium supplementation or intra-
venous diphosphonate administration, which were
started after low bone mineral density and/or fragility
LBFs were noticed [31, 38, 44, 49]. Detailed clinical
information of all affected patients can be found in
Supplementary Table 3.

DISCUSSION

This scoping review shows that decreased bone
quality (i.e. low bone mineral density) and (fragility)
LBFs are frequently described in patients with a con-
genital myopathy, not only in the neonatal period,
but also later in life. It underscores the need for opti-
mal bone quality management to prevent fragility
LBFs in order to improve functional prognosis, qual-
ity of life and survival in these patients. The latter is
in line with the Consensus statement on standard of
care for congenital myopathies and other clinical care
guidelines which are based on expert opinion, that
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were established for specific subgroups of congenital
myopathies [1, 57].

The most outstanding finding is the occurrence
of low bone mineral density and (fragility) LBFs
in patients with a congenital myopathy after the
neonatal period. Low bone quality can be explained
through multiple pathways. Firstly, impaired physi-
cal activity in patients with neuromuscular diseases
is thought to be an important risk factor [10]. Physi-
cal activity has a role in stimulating osteoblast bone
formation and reducing osteoclast-mediated bone
resorption through biological pathways modulated by
mechanical loading [58]. For example, bone protec-
tive molecules of which the release is promoted by
muscle contraction, stimulate osteoblasts and inhibits
osteoclast activities through the NFkB signaling path-
way, increases cortical bone thickness and reduces the
risk of fragility LBFs in osteoporotic woman [59].
Secondly, neuromuscular diseases generally lead to
muscle atrophy. Myokines that are highly expressed
in atrophic muscle, lead to osteoclast differentia-
tion and bone loss induction, resulting in decreased
bone mineral density and increased risk for fragility
LBFs [60]. Thirdly, patients with a neuromuscular
disorder frequently face nutritional issues, including
malnutrition due to feeding disorders and swallow-
ing problems, and decreased outdoor time and sun
exposure, which could lead to a deficiency of cal-
cium and vitamin D [61–63]. A lack of calcium and
vitamin D induces bone loss, leading to low bone
mineral density [64, 65]. The musculoskeletal sys-
tem is significantly more complex than portrayed
by traditional approaches that mainly focus on bone
and skeletal muscle. The musculoskeletal system
also includes tendons, ligaments, cartilage, joints,
vascular and nervous tissues, and molecular and
biochemical interactions within this system [66].
Patients with neuromuscular disorders have thus mul-
tiple risk factors that can contribute to an increased
risk for fragility LBFs and low bone mineral den-
sity. Yet, the precise underlying pathophysiology
of decreased bone quality in congenital myopathies
remains unknown. Several disciplines, including
internal medicine, pediatrics and neurology, should
work together to reveal this pathophysiology. This
scoping review is the first step to create awareness for
the lacune in knowledge on bone quality in congenital
myopathies.

Another important finding is the occurrence of
LBFs in the neonatal period. Fetuses with reduced
mobility in utero are at increased risk of decreased
bone mineral density and pathological fractures, as

a secondary effect of severe fetal muscular inactiv-
ity. Immobilization and decreased mechanical forces
reduce cortical thickness and prevents preservation
of bone structure, with the subsequent development
of reduced bone mineral density, fragile bones and
LBFs [67]. Further, swallowing of amniotic fluid
contributes to fetal somatic growth and has been
estimated to contribute approximately 10% of fetal
protein intake [68]. Reduced swallowing, which
is frequently observed in congenital myopathies,
might thus lead to malnutrition and consequently to
decreased bone quality. Moreover, we might hypoth-
esize that mutations in congenital myopathies not
only indirectly (through reduced mobility in utero
or malnutrition) contribute to congenital LBFs, but
also directly through decreased or altered pressure of
the weakened musculoskeletal system on the bones.
In short, the exact pathophysiology is unknown,
and needs further investigation. Like in other neu-
romuscular diseases including DMD, the survival
rate of children with severe congenital myopathies
(for example XL-MTM, severe congenital NM) into
childhood, or even adulthood, has markedly increased
due to i.e. optimized respiratory and cardiac man-
agement, and rehabilitation techniques [69, 70].
Consequently, new symptoms are likely to arise and
the long-term care in this patient group becomes
essential, including bone quality. Caution must be
paid to general underreporting of this patient group
that survive to an older age, and thus to the possible
underreporting on decreased bone quality.

The next striking finding was the young age at
which a (fragility) LBFs took place. Since prospec-
tive, natural history data are lacking, it is unknown
whether the incidence of fragility LBFs is indeed
higher in the pediatric population or whether low
bone quality in the adult population is excessively
underreported. What we do know is that bone
health and osteoporosis management are elaborately
addressed in the pediatric care for boys and men with
DMD [71, 72]. The focus of health care providers in
the pediatric population on bone quality might thus be
higher, which could explain at least partially the dis-
crepancy in the documented incidence of low bone
quality between the pediatric and adult population.
Currently, a possible correlation between low bone
mineral density, fragility LBFs and the age of patients
with a congenital myopathy remains unknown. Yet,
the frequent complications at the pediatric age, and to
some lesser extent in the adult population, stresses the
importance of bone health management from young
age to adulthood.
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It is of particular interest that both congenital LBFs
and LBFs later at life were predominantly reported in
the femur and humerus. Also in other neuromuscular
diseases, congenital LBFs of the humerus and femur
were mainly seen [73, 74]. Currently, the process of
bone remodeling and the factors that can influence it,
and consequently the underlying pathophysiology for
the predominance for congenital LBFs in the femur
and humerus, are unknown [75]. Congenital birth
fractures due to traumatic birth are mostly located in
the clavicula, which was not reported in congenital
myopathies [76]. In severe forms of other neuromus-
cular diseases prenatal fractures are described [77].
We thus speculate that congenital LBFs in congenital
myopathies are mostly already present prenatally, and
are not caused by traumatic birth, and are therefore
not seen in the clavicula. Further, due to the altered
interaction between muscles and bone in congenital
myopathies, we might speculate that fragility frac-
tures are mostly expected in bones on which most
force is applied, i.e. the long bones. Both in utero,
due to stiffness and contractures of the uterus, and
in adults, most of the force is applied on the femur
and humerus, causing LBFs to mainly appear in
these long bones. Fragility fractures of the vertebrae
and distal radius were (almost) not reported. Verte-
bral fragility fractures were nevertheless frequently
reported later at life in other neuromuscular diseases
[78, 79]. The underreport of vertebral fragility frac-
tures in congenital myopathies can be explained by
the fact that they are often asymptomatic and rou-
tine vertebral assessment in congenital myopathies
is missing [79, 80]. The low prevalence of (fragility)
LBFs of the (distal) radius later at life in patients with
congenital myopathies can be explained by their fall
mechanism: patients have difficulty to reach out their
hands in order to break the fall, and consequently fall
on their hips or shoulder region [81].

Remarkably, only 11 patients were reported to
have low bone mineral density (osteopenia or osteo-
porosis), while (fragility) LBFs were reported more
frequently. Given the high number of reported
(fragility) LBFs, a higher number of patients with
low bone mineral density can be expected. This dis-
crepancy can be explained by relative underreporting
of low bone mineral density in the literature or the
absence of routinely performed DEXA-scans in con-
genital myopathies.

In this scoping review, we included all articles
on bone quality in a wide range of congenital
myopathies. The review was preceded by the dis-
cussion on which neuromuscular diseases should be

included or excluded. The subdivision of neuromus-
cular diseases into congenital myopathies, congenital
muscular dystrophies and other neuromuscular dis-
eases has historically been widely discussed. For
example, the same genetic mutations can lead to a
congenital myopathy, to a congenital muscular dys-
trophy or even to another neuromuscular disorder,
which might cause confusion or discrepancy between
different articles [24, 77, 82].

In conclusion, bone complications are seen in a
broad range of congenital myopathies, both in the
pediatric and adult population. Future, unselected
cross-sectional studies are needed to do prevalence
estimations on decreased bone quality in patients with
congenital myopathies. Further, long-term follow-up
studies within these patients will enable to reveal the
evolution of bone quality over time. Finally, it is of
major importance to determine whether the current
general advices for optimizing bone mineral density
are sufficient for patients with congenital myopathies,
or whether specific additional recommendations are
needed.

Limitations

Our scoping review includes several limitations.
Firstly, retrospective studies without standardized
bone quality examinations (i.e. fracture history,
DEXA-scan) could cause low bone mineral density to
remain unnoticed. Further, case reports could lead to
publication and selection bias towards patients with
abnormal bone quality. We did not find any prospec-
tive studies on bone quality (i.e. low bone mineral
density or fragility LBFs) in patients with congenital
myopathies. Moreover, only limited information was
provided on bone quality in the majority of articles.
For example, Cahill et al. 2007 described the pres-
ence of multiple (fragility) LBFs at pediatric age in
three patients [27]. Unfortunately, no information on
the specific trauma mechanism, bone mineral den-
sity, serum calcium or vitamin D levels, treatments
or other possible causes of decreased bone quality
was provided. This information is relevant to classify
LBFs, to assess possible underlying pathophysio-
logical mechanisms and to quantify bone quality.
In addition, the used diagnostic criteria for osteo-
porosis or osteopenia are underexposed and used
interchangeably in the included articles. For exam-
ple, Gangfuss et al. 2021 describe the presence of a
11-year-old boy with osteoporosis. Nevertheless, the
ancillary investigations used to measure bone mineral
density and the degree of bone mineral density are not



K. Bouman et al. / Bone Quality in Congenital Myopathies 9

mentioned. Further, some articles do not follow the
internationally accepted criteria of the International
Society of Clinical Densitometry [83]. For example,
Michael et al. 2019 describe an 8-year-old girl with
osteopenia in the absence of skeletal fractures [38]. In
the International Society of Clinical Densitometry, no
definition for osteopenia in the pediatric population
is provided. Further, for the diagnosis of osteoporo-
sis in the pediatric population, fragility LBFs must
be reported. Michael et al. 2019 thus refer to a non-
existing disease entity, without further information
on which criteria they used for the classification as
‘osteopenia’.

In this scoping review, we only included cases in
whom information is provided on the bone quality
(i.e. (fragility) LBF, low bone mineral density). All
other cases are excluded from this review. This could
cause an overrepresentation of bone complications in
patients with congenital myopathies. Consequently,
we are unable to do prevalence estimations on compli-
cations regarding bone quality. We therefore advise
natural history studies on bone quality in this group
of patients.

Bone Quality Assessment in congenital
myopathies

Based on the findings of this scoping review
combined with our clinical expertise, we advise to
routinely assess bone quality in patients with con-
genital myopathies. Firstly, a fracture history should
be included in routine visits, and pubertal assessment
(Tanner staging) should be undertaken to moni-
tor pubertal progression [1]. A dietician should be
consulted to optimize dietary calcium intake [84].
Further, we advise to perform a DEXA-scan in all
patients with a congenital myopathy at diagnosis and
subsequently at every one to three years, depend-
ing on the severity of the osteopenia/osteoporosis.
A digital X-ray radiogrammetry of the hand to assess
the Bone Health Index (BHI) is a feasible alterna-
tive for DEXA-scan in case of disrupting factors
(movement during measurement, metallic implants,
contractures, scoliosis) or age <3 years (no norma-
tive values available) [85]. In children with a fragility
LBFs or two or more traumatic fractures, bone pain,
severe osteoporosis on plain radiographs or ortho-
pedic instrumentation failure due to reduced bone
strength, a DEXA-scan is indicated. A lateral ver-
tebral assessment should be performed to look for
vertebral compression fractures. Yearly blood test on
calcium, phosphate, alkaline phosphatase and vita-

min D, and urine tests on calcium and creatinine are
advised in patients that are at risk of (fragility) LBFs
[86].

Treatment options

Interventions to maintain bone quality are essential
in patients with congenital myopathies. In the Con-
sensus statement on standard of care for congenital
myopathies (consortium agreement), patients are rec-
ommended to optimize physical activity, preferably
through weight-bearing activities, but also sports by
patients that are wheelchair bound, are beneficial.
Further, vitamin D should be daily supplemented in
all patients throughout the year (age <12 years: 400
IU, age ≥12 years: 800 IU). Sufficient dietary cal-
cium intake (two to three portions of dairy products
(i.e. cheese, milk, yoghurt) or other calcium con-
taining products (calcium-set tofu, broccoli etcetera)
per day) is needed. In case of insufficient cal-
cium intake, it is advised to supplement calcium
(500 mg per day). We further advise referral to inter-
nal medicine or pediatrics, so that additional therapy,
for example intravenous diphosphonates, can be
considered [84].

CONCLUSION

(Fragility) LBFs are frequently described in
patients with a congenital myopathy, both in the
pediatric and adult population. Osteopenia or osteo-
porosis (low bone mineral density) are reported less
frequently and is possibly underreported in the lit-
erature. Decreased bone quality is predominantly
described in the pediatric population and to a lesser
extent in the adult population. Prospective natural
history data on the prevalence of low bone mineral
density and (fragility) LBFs are currently lacking and
are highly needed in order to do prevalence estima-
tions, stratified by age group. Further, the underlying
pathophysiology for decreased bone mineral density
in congenital myopathies should be explored. Based
on generic bone quality management guidelines and
this scoping review, we think that proper management
on bone health is deemed essential. Hereby we aim to
improve functional prognosis, quality of life and sur-
vival of patients with congenital myopathies. Further
research is needed to elucidate the prevalence, the
development and the pathophysiology of low bone
mineral density in congenital myopathies.



10 K. Bouman et al. / Bone Quality in Congenital Myopathies

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable

CONSENT FOR PUBLICATION

Not applicable

CONFLICT OF INTEREST

The authors have no conflict of interest to report.

FUNDING

The study is financially supported by a competi-
tively awarded, peer-reviewed grant from Stichting
Spieren voor Spieren, Stichting Stofwisselkracht
and Stichting Voor Sara, The Netherlands. Several
authors of this publication are members of the Rad-
boudumc Center of Expertise for neuromuscular
disorders (Radboud-NMD), Netherlands Neuromus-
cular Center (NL-NMD) and the European Reference
Network for rare neuromuscular diseases (EURO-
NMD).

AUTHORS’ CONTRIBUTION

KB, AD and JD contributed to the data search and
data extraction. KB, AD, MJ, NV, JD, CE contributed
to the study conception and design and drafted the
manuscript. KB, AD, JG, BE, MJ, NV, JD and CE
critically revised the manuscript. All authors have
read and approved the final manuscript and agreed
to be accountable for their contributions.

ACKNOWLEDGMENTS

We thank On Ying Chan (information specialist
at the Medical Library in Nijmegen) for her help in
optimizing the search strategy.

SUPPLEMENTARY MATERIAL

The supplementary material is available in the
electronic version of this article: https://dx.doi.org/
10.3233/JND-221543

REFERENCES

[1] Wang CH, Dowling JJ, North K, Schroth MK, Sejersen T,
Shapiro F, et al. Consensus statement on standard of care for
congenital myopathies. J Child Neurol. 2012;27(3):363-82.
DOI:10.1177/0883073812436605.

[2] (US) OotSG. Bone Health and Osteoporosis: A Report of
the Surgeon General. 2004. DOI:NBK45513.

[3] Siris ES, Adler R, Bilezikian J, Bolognese M, Dawson-
Hughes B, Favus MJ, et al. The clinical diagno-
sis of osteoporosis: A position statement from the
National Bone Health Alliance Working Group. Osteo-
poros Int. 2014;25(5):1439-43. DOI:10.1007/s00198-014-
2655-z.

[4] Bishop N, Arundel P, Clark E, Dimitri P, Farr J, Jones
G, et al. Fracture prediction and the definition of osteo-
porosis in children and adolescents: The ISCD 2013
pediatric official positions. Journal of Clinical Densitome-
try. 2014;17(2):275-80. DOI:10.1016/j.jocd.2014.01.004s.

[5] Bishop N. Primary osteoporosis. Endocr Dev. 2009;16:157-
69. DOI:10.1159/000223694.

[6] Mirza F, Canalis E. Management of endocrine dis-
ease: Secondary osteoporosis: Pathophysiology and man-
agement. Eur J Endocrinol. 2015;173(3):R131-R51.
DOI:10.1530/EJE-15-0118.

[7] Adaikina A, Hofman PL, O’Grady GL, Gusso S. Exer-
cise training as part of musculoskeletal management for
congenital myopathy: Where are we now? Pediatr Neurol.
2020;104:13-8. DOI:10.1016/j.pediatrneurol.2019.10.008.

[8] Ward LM, Hadjiyannakis S, McMillan HJ, Noritz
G, Weber DR. Bone health and osteoporosis man-
agement of the patient with duchenne muscular
dystrophy. Pediatrics. 2018;142(Suppl 2):S34-42.
DOI:10.1542/peds.2018-0333E.

[9] Bouman K, Groothuis JT, Doorduin J, van Alfen N, Udink
Ten Cate FEA, van den Heuvel FMA, et al. Natural history,
outcome measures and trial readiness in LAMA2-related
muscular dystrophy and SELENON-related myopathy in
children and adults: Protocol of the LAST STRONG study.
BMC Neurol. 2021;21(1):313. DOI:10.1186/s12883-021-
02336-z.

[10] Iolascon G, Paoletta M, Liguori S, Curci C, Moretti A.
Neuromuscular diseases and bone. Front Endocrinol (Lau-
sanne). 2019;10:794. DOI:10.3389/fendo.2019.00794.

[11] Vestergaard P, Glerup H, Steffensen BF, Rejnmark L, Rah-
bek J, Moseklide L. Fracture risk in patients with muscular
dystrophy and spinal muscular atrophy. J Rehabil Med.
2001;33(4):150-5.

[12] Joya JE, Kee AJ, Nair-Shalliker V, Ghoddusi M, Nguyen
M-AT, Luther P, et al. Muscle weakness in a mouse
model of nemaline myopathy can be reversed with
exercise and reveals a novel myofiber repair mecha-
nism. Human Molecular Genetics. 2004;13(21):2633-45.
DOI:10.1093/hmg/ddh285.

[13] Hsu JD. Extremity fractures in children with neuromuscular
disease. Johns Hopkins Med J. 1979;145(3):89-93.
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