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Abstract.
Background: The knowledge about the impact of oral motor impairment in neuromuscular diseases (NMDs) is limited but
increasing.
Objective: The aim of this review was to collect and compile knowledge on how muscle weakness in congenital or early
developing NMDs directly or indirectly affects feeding, swallowing, speech and saliva control.
Methods: A literature search was performed in PubMed from January 1, 1998, to August 31, 2021. The keywords “feeding”,
“dysphagia”, “swallowing”, “dysarthria”, “speech”, “drooling” and “sialorrhea” were used in combination with “paediatric
neuromuscular disease” or specific diagnoses.
Results: Sixty-five studies were selected for the review, 33 focused on feeding and swallowing, 11 on speech, four on a
combination of feeding, swallowing, saliva control or speech and 17 general descriptions. Most of the studies reported on
patients with a disorder affecting muscles. These studies show that muscle weakness and impaired motility affecting the
muscles innervated by the cranial nerves may influence feeding, swallowing, and speech, and that respiratory function,
general health and neurodevelopmental delay also influence these functions. Feeding impairment and breathing difficulties
are common in NMDs. Lifesaving interventions such as tube feeding and ventilatory support are common in severe cases.
Conclusions: Feeding impairment, dysphagia and dysarthria are prevalent in NMDs with congenital or early age of onset.
Feeding and swallowing has been studied more than speech and saliva control. More children with NMD survive thanks to
new treatment options and it is therefore urgent to follow up how these therapies may impact the development of feeding,
swallowing, and speech.

Keywords: Neuromuscular disease, feeding, speech, swallowing, dysarthria, dysphagia

∗Correspondence to: Lotta Sjögreen and Lisa Bengtsson,
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INTRODUCTION

Neuromuscular diseases (NMDs) develop as a
result of dysfunction of the motor unit leading to
impaired function of peripheral nerves, neuromus-
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cular junctions or muscles. Both spinal nerves and
craniofacial nerves may be affected. The diseases
can be subdivided into neuropathies, neuromuscu-
lar junction disorders and myopathies (including
muscular dystrophies). Many of the NMDs have a
progressive course. Most NMDs are genetic but could
also be due to a hormonal disorder, inflammation, or
an autoimmune disease [1, 2]. Some diseases are con-
genital while others manifest in childhood or have
an adult onset. In a comprehensive literature review,
Deenen et al. (2015) found an incidence rate lower
than 10/100,000 people for most NMDs. The authors
conclude that individual NMDs are rare but common
as a group [2].

Muscle weakness in one or more muscle groups is
the predominant symptom in NMDs and the muscle
weakness can cause contractures, scoliosis, prob-
lems with walking and hand function, dysphagia,
dysarthria, malnutrition and respiratory failure [1, 3].
Breathing difficulties are common [4]. Neurodevel-
opmental disorders may occur in NMDs affecting
children [5–7] and feeding disorder is a frequent find-
ing [8]. In some diseases, the inner organs, such as the
heart [9], the hormonal system or the gastro-intestinal
system, are affected [10]. At present, there is no cure
for NMDs, but drug and gene therapies are effective
in certain diagnoses [11].

In some NMDs, the oral motor system is affected
[12]. The knowledge about the impact of oral motor
impairment on health and wellbeing in NMDs is
limited. Updated knowledge about dysphagia and
dysarthria is important, especially since increasing
numbers of NMD patients survive due to the contin-
uous advances in drug and gene therapies [11]. The
specific aim of this literature review was to collect
and compile knowledge on how muscle weakness in
NMDs directly or indirectly affect feeding, swallow-
ing, saliva control and speech.

MATERIALS AND METHODS

A literature search was performed in the PubMed
database and was limited to publications in English
between January 1, 1998, to August 31, 2021.
Specific keywords were used in combination with
“neuromuscular disorder/disease and paediatric” or
the name of a specific NMD diagnosis. The key-
words were “feeding”, “dysphagia”, “swallowing”,
“dysarthria”, “speech” and “drooling/sialorrhea”,
“spinal muscular atrophy”, “Charcot-Marie-Tooth
disease”, “hereditary motor and sensory neuropathy”,

“congenital myasthenic syndromes”, “juvenile myas-
thenia gravis”, “arthrogryposis multiplex congenita”,
“Becker muscular dystrophy”, “congenital myopa-
thy”, “congenital muscular dystrophy”, “Duchenne
muscular dystrophy”, “facioscapulohumeral dystro-
phy”, “juvenile dermatomyositis”, “mitochondrial
myopathy”, “Friedreich ataxia”, “Pompe disease”,
“Leigh syndrome”, and “myotonic dystrophy type 1”.
Only congenital diseases or NMDs with a childhood
onset were included in the search. No age groups were
excluded but in studies including both childhood and
adult onsets of a specific diagnosis, the proportion of
patients with childhood onset of the disease was pre-
sented. Case reports, intervention studies, reviews,
clinical guidelines, and evaluations of examination
methods were omitted. If consensus statements for a
diagnosis or a diagnosis group are available, these are
referred to in a separate paragraph at the end of the
section.

RESULTS

The total search included 1791 articles (after iden-
tifying duplicates). Of these, 1512 were removed
because they reported on study groups or study aims
that were not relevant to the aim of the present review.
After this major reduction, 60 reviews and clinical
guidelines, 48 intervention studies, 20 methodolog-
ical studies, and 86 case reports were omitted from
the results. Finally, the literature search resulted in
65 clinical studies on feeding, swallowing, saliva
control and speech in congenital or early develop-
ing NMDs (Table 1). Thirty-three studies focused on
feeding and swallowing (51%), 11 on speech (17%), 4
(6%) on a combination of feeding, swallowing, saliva
control and/or speech, and 17 (26%) on general diag-
nostic descriptions that included feeding, swallowing
or speech. No study focused on saliva control only.
Most of the studies (72%) reported on patients with
a disorder affecting the muscles (Fig. 1).

NMDs as a group and comparison between NMDs

Muscle weakness and impaired mobility affect-
ing the muscles innervated by the cranial nerves
may cause oral sensorimotor impairment and affect
orofacial functions such as feeding, swallowing,
saliva control and speech [12, 13]. Feeding and
swallowing are generally more severely affected in
children with significant weakness before the age of
three compared with children with later onset NMD
[14]. The prevalence of dysphagia and dysarthria in
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children with NMDs was investigated in a study from
the Netherlands [15]. The study included 295 children
with NMD, 2.6–18 years old, who represented 14
different diagnostic groups. Dysarthria was present
in 31.5% and dysphagia in 47.2% of the children
and were found in nearly all diagnostic groups. Dys-
phagia was manifested as chewing problems (90%),
swallowing problems (43%) and a combination of
chewing and swallowing problems (33.5%).

The occurrence of dysphagia in muscular dystro-
phies was investigated in a study including patients
with Becker muscular dystrophy (BMD) (n = 13),
DMD (n = 39) and other congenital muscular dystro-
phies (n = 6) (16). The results were compared with
those for 56 age and sex-matched healthy controls.
The Eating Assessment Tool-10 (EAT-10) question-
naire was used to identify those with dysphagia and
the maximum tongue pressure and tongue endurance
were measured. A Flexible Endoscopic Evaluation
of Swallowing (FEES) was performed in the patients
with dysphagia. The results showed that 20.7% had
dysphagia (children 14.6%, adolescents 27.3%, and
adults 50%) and the most common complaint was
with solid food. Reduced tongue force was common.
The main FEES findings were pharyngeal residue,
spillage of food before the swallow and supraglottal
penetration.

NMDs affecting anterior horn cells

Spinal muscular atrophy (SMA)
The aim of the study by van der Heul et al was

to assess feeding and swallowing problems in 16
infants with SMA type 1, including five who were
treated with Nusinersen [17]. All eventually devel-
oped swallowing problems. Tube feeding had to be
initiated when they were 8–12 months old, even
though their gross motor function improved during
the same period.

A retrospective chart study reviewed the swallow-
ing dysfunction in patients with SMA type 1 [18].
All patients had clinical evidence of oral motor dys-
function because of masticatory and facial muscle
weakness, limited mouth opening, drooling, and dif-
ficulty chewing solid food. Swallowing deteriorated
around six months of age and tube feeding was ini-
tiated. All subjects were eventually dependent on a
feeding tube. The period from total oral feeding to
tube feeding varied between five and twelve months.
The authors recommend an individualised approach
to the management of swallowing dysfunction in
SMA type 1 due to a wide variation among patient

degree of deterioration of swallowing function before
12 months of age.

Feeding/eating and weight gain problems have
been reported in SMA type 2 and 3 and confirmed
in several articles [19–22]. For SMA type 2, the fol-
lowing has been reported: weight more than 2SD
above the median (5%), weight less than 2SD below
the median (37%), chewing difficulties (28%), lim-
itation of the ability to open the mouth (30%), and
swallowing difficulties (25%) [19]. Based on these
results, it was concluded that the standards of care
should include monitoring and management of feed-
ing difficulties and weight gain. In a study by Wadman
et al. (2021), feeding difficulties were present in
60% of children and adolescents with SMA type
2 with a median age at onset of 6.5 years (0–16.5
years) [20]. Underweight and weight gain prob-
lems was a major issue in up to 57% of patients.
The authors emphasizes that treatment strategies
should be tailored to the needs of the individual
patient.

The underlying mechanism of dysphagia in chil-
dren with SMA type 2 has been investigated [21].
The study concluded that it was caused by muscle
weakness and impaired mobility of the tongue and
submental area in combination with a compensatory
head posture. The authors recommend the use of an
adapted posture during meals and ending the meal
with water.

The prevalence and risk factors of dysphagia in
patients with SMA type 2 and 3 have been studied
in a questionnaire survey [22]. The most common
risk factors reported for dysphagia in patients with
SMA type 2 and 3 were choking (30.6%), difficulty
transporting food to the mouth (20.4%) and diffi-
culty chewing (20.4%). The severity of the dysphagia
was closely related to current overall motor function,
and patients with dysphagia had an increased risk of
underweight and aspiration pneumonia. In this study,
age was not an independent risk factor for feeding
and swallowing difficulties.

Studies have been performed on reduced maximum
mouth opening and its association with dysphagia in
SMA type 1–4 [23]. The results showed that reduced
maximum mouth opening is common in SMA types
1–3a. It was associated with dysphagia and concluded
to be a sign of bulbar dysfunction. The main cause was
found to be a fatty degeneration of specific mouth-
opening muscles.

Self-reported bulbar problems such as jaw prob-
lems (34%), fatigue associated with mastication
(44%), choking (56%) and intelligibility problems
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were frequently reported in patients with SMA
[24]. Bulbar complaints were significantly, although
weakly, correlated with reduced mouth opening in
patients with SMA type 2.

Van der Heul et al. (2021) have studied masti-
cation in patients with SMA types 2 and 3 [25].
Reduced maximum mouth opening was associ-
ated with mastication problems. Non-ambulatory
patients demonstrated inefficient mastication. Mus-
cle ultrasound of the mastication muscles showed
an abnormal muscle structure in 90% of both ambu-
latory and non-ambulatory patients. An increase in
bulbar problems was reported by patients who were
older than 30 years of age and had a milder form
of SMA.

A study by Zappa et al. (2021) investigated lan-
guage comprehension and speech in children with
SMA type 1 [26]. Although speech and motor func-
tion were severely compromised, children with SMA
type 1 presented language comprehension within the
normal range. Speech impairment was related to
global motor impairment. Parents often report that
they perceive their child with SMA type 1 to have
greater receptive than expressive language skills [27].
They highlight the importance of speech-generating
devices to improve the ability to communicate and
thereby also increase quality of life.

One of the largest international studies designed to
identify the phenotypic profile and relative impor-
tance of individual symptoms in 359 adults with
SMA (292 were diagnosed with SMA type 1-3) was
performed by Mongiovi et al. (2018) [28]. The symp-
tomatic burden varied based on the patient-reported
SMA type. SMA type 1 had a higher prevalence of
communication difficulties than all other SMA types
and a higher prevalence of choking and swallowing
issues compared to types 3 and 4. Gastrointestinal
issues, communication difficulties, and choking or
swallowing issues all differed between SMA type
2 and 3. Similarly, problems with choking or swal-
lowing issues differed between SMA type 2, 3 and
4. There was no significant difference in the preva-
lence of these problems between SMA type 3 and
SMA type 4. Breathing difficulties, choking or swal-
lowing issues and communication difficulties were
significantly less prevalent in the group that walked
independently.

The “Consensus statement on standard of care for
spinal muscular atrophy” (2007) includes specific
recommendations for gastroenterology and nutri-
tion [29]. In “Diagnosis and management of spinal

muscular atrophy: Part 1” (2018), the consensus
recommendations for nutrition, swallowing and gas-
trointestinal management are updated [30]. There are
also literature reviews regarding feeding and swal-
lowing in SMA [31, 32].

In recent years, there has been very rapid devel-
opment of drugs in the treatment of SMA with
a positive effect of the progression of the disease
[33–35]. In 2016, Nusinersen (marketed as Spinraza)
was approved for the treatment of SMA. In 2019,
the Food and Drug Administration (FDA) approved
Onasemnogene abeparvovec (Zolgensma, formerly
AXS-101), the first gene therapy approved to treat
children younger than two years with SMA. Ris-
diplam was approved for the treatment of SMA
in adults and children two months and older in
August 2020. The study by van der Heul et al.
(2020) is the only study in this review that includes
patients with SMA who have received any of the
drugs [17].

NMDs affecting nerve fibres

Charcot-Marie-Tooth disease (CMT)
No study was found that described feeding, swal-

lowing, saliva control or speech in early onset CMT.

NMDs affecting neuromuscular junctions

Congenital myasthenic syndrome (CMS)
Congenital stridor and feeding difficulties during

the neonatal period are common in different forms
of CMS [36, 37]. Kinali et al. reported on 46 chil-
dren with CMS, six had stridor (13%), 12 respiratory
insufficiency (46%) and 29 (63%) feeding difficulties
as neonates [36]. In a study of 23 children with CMS
and a mutation in the DOK7 gene, Klein et al. [37]
found that 11 (48%) had stridor and 13 (57%) had
feeding difficulties at birth [37]. Seven of the chil-
dren with stridor had documented vocal cord palsy.
Stridor and vocal cord palsy were also found in a
retrospective case review in 6 of 11 (55%) children
with CMS and a mutation in the DOK7 gene [38]. In
a retrospective study of 538 children with velopha-
ryngeal inadequacy, four children with myasthenia
gravis were identified to have velopharyngeal incom-
petence [39].

Juvenile myasthenia gravis (JMG)
In a study of 119 children with JMG, 7.5% were

diagnosed with dysphagia [40]. Bulbar symptoms
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may be present in JMG with more generalized skele-
tal muscle involvement [41]. In a clinical study
of JMG in southern China, less than 1% of 327
children had bulbar weakness [42]. No literature
describing specific bulbar impairment in JMG was
found.

NMDs affecting muscles

Arthrogryposis multiplex congenita (AMC)
No study was found that described feeding, swal-

lowing, saliva control or speech in AMC.

Becker muscular dystrophy (BMD)
If their physical functional status is at the same

level, patients with BMD are found to have chew-
ing and swallowing problems like those observed in
patients with DMD (see below) [43, 44]. Language
and speech delay is common in BMD [45].

Congenital myopathy (CM)
Hypotonia at birth, weak crying, respiratory dis-

ease and feeding difficulties are common in infants
with CM and many are dependent on ventilatory sup-
port and tube feeding during childhood [46, 47]. In
a clinical and neurologic examination of 10 patients
(3–25 years) with the childhood onset form of cen-
tronuclear myopathy, hypotonia at birth, weak crying
and feeding difficulties were frequent. Weakness of
the masticatory and facial muscles were other char-
acteristic findings [46]. In a report of 143 individuals
with nemaline myopathy (NM) (including six with
adult onset), 79 (55%) had feeding difficulties and 75
(52%) significant respiratory disease during the first
year of life [47]. Of 66 patients with CM assessed
over a 5-year period, 35% required ventilatory sup-
port and/or enteral feeding [48]. The natural history
of 125 patients with CM was studied at a paediatric
neuromuscular centre [49]. It was found that bulbar
involvement was present in 46.4% and gastrostomy
placement in 28.8%.

The clinical history and physical examination of
57 individuals with NM (1–57 years) revealed that
51% required feeding tube [50]. Bulbar function was
examined using two drooling scales and a slurp test
(measuring the time to drink 4 oz of water through
a straw). Thirty-eight individuals participated in the
drooling tests and 35% had severe, 16% moderate,
8% mild and 41% no drooling. The results from the
drooling frequency test showed that 11% had con-
stant, 32% frequent, and 18% occasional drooling.

All 23 individuals who attempted the slurp test had
abnormal values.

The “Consensus statement on standard of care for
congenital myopathies” (2012) includes recommen-
dations for gastroenterology, nutrition, speech, and
oral care [51].

Congenital muscular dystrophy (CMD)
Feeding problems in 14 children (2–14 years)

with merosin deficient CMD were investigated in
a study by Philpotin et al. [52]. The children had
been followed every six months during six years.
The examinations included feeding history, meal-
time observations, assessment of oral anatomy and
VFSS. The children were found to have a deviant oral
anatomy and difficulties with chewing and swallow-
ing that progress with age. Six children (43%) were at
risk of silent food aspiration and had recurrent chest
infections. Gastro-oesophageal reflux was a common
finding. In a Japanese study of 207 patients with
Fukuyama congenital muscular dystrophy (FCMD),
22% had dysphagia [53].

The “Consensus statement on standard of care
for congenital muscular dystrophies” (2010) includes
recommendations for gastroenterology, nutrition, and
speech [54].

Duchenne muscular dystrophy (DMD)
The Sydney Swallow Questionnaire (SSQ) was

used to compare patients with DMD without
dysphagia to patients with DMD with dysphagia
[55]. The patients with dysphagia reported signifi-
cantly higher scores on “Difficulty swallowing thick
liquids”, “Cough or choke when swallowing liq-
uids”, “Ever cough up or spit out during meals”,
“Difficulty starting a swallow”, “Interference with
quality of life”, gastrointestinal involvement (gastro-
oesophageal reflux and constipation) and weight
gain.

In a survey of 118 patients with DMD (13–35
years), the results from a questionnaire showed that
chewing difficulties are frequent and increase with
age [58]. van den Engel-Hoek et al. (2016) assessed
chewing in 72 patients with DMD of different ages
(4–28 years) [56]. Food adaptation and chewing prob-
lems were observed in the early stages of the disease
and mastication became increasingly effortful with
age. Progressive chewing dysfunction was reflected
by an increasingly abnormal echogenicity of the mas-
seter muscle and reduced occlusal contacts.
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The relationship between tongue pressure during
water swallowing and the shape of the palate was
studied in nine boys with DMD and compared with
healthy controls [57]. An intra-oral tongue pressure
measuring system was used and the width and depth
of the palate were measured from maxillary dental
casts. The width of the palate was significantly greater
in the patients with DMD compared with controls.
A negative correlation was found between tongue
pressure magnitude and the depth of the palate.

When patients with DMD answered a question-
naire including questions about feeding difficulties,
there were few clinical signs of swallowing difficul-
ties; however, the authors comment that an objective
swallowing assessment would be needed to detect
minor signs of aspiration [58]. Gastro-oesophageal
reflux requiring treatment was rarely reported but
almost half the study group complained of consti-
pation. In a study of the prevalence of smooth muscle
dysfunction in children with DMD, Manokaran et al.
(2020) found that 21% had gastro-oesophageal reflux
[59].

Different objective instruments for the assess-
ment of swallowing were used in a study by van
Engel-Hoek et al. [60]. Dysphagia in DMD was
described as three consecutive stages and the under-
lying mechanisms of dysphagia were assessed. The
results showed that oral muscles related to swallow-
ing were progressively affected. Tongue hypertrophy
was common in the early and late non-ambulatory
stages. Most problems were found in the late non-
ambulatory stage, presenting in both the oral and the
pharyngeal phase of swallowing. Other clinical stud-
ies have confirmed that the late stage of the disease
is the strongest risk factor for masticatory perfor-
mance and that chewing difficulties in combination
with a weak swallow may be the cause of choking [56,
61–63]. Impaired oral motor activity during swal-
lowing has also been found in studies using surface
electromyography [55, 60, 64].

The relationship between eating and diges-
tive symptoms and respiratory function has been
investigated in patients with DMD who were non-
ambulatory and required non-invasive, mechanical
ventilatory support [65, 66]. Eating and digestive
symptoms were more closely correlated with respira-
tory function than with age in patients with advanced
DMD [65].

The “DMD care considerations – Diagnosis and
management of Duchenne muscular dystrophy, part
1” (2018) includes recommendations for nutrition,
swallowing and gastrointestinal management [67].

Facioscapulohumeral muscular dystrophy
(FSHD)

In their study of dysphagia in FSHD, Wohlge-
muth et al. examined eight patients (26–53 years)
four whom had childhood onset [68]. An orofacial
examination and an evaluation of eating and drink-
ing were carried out. Instrumental assessments with
MRI of the tongue and VFSS were included. Weak
lips (n = 8), weak tongue (n = 6), weak jaw (n = 6) and
delayed oral and pharyngeal transport of food (n = 7)
were frequent findings. Four patients had a small
tongue.

Juvenile dermatomyositis (JDM)
The caregivers of 79 children with JDM partici-

pated in a structured telephone interview, including
questions about their child’s clinical symptoms, and
44% reported dysphagia [69]. In a study of oropha-
ryngeal dysphagia in children with JDM by McCann
et al. (2007) the aim was to establish predictive factors
that could identify children at risk of aspiration [70].
Fourteen children participated in a clinical exami-
nation and a VFSS study. Of these, eleven children
showed abnormal swallowing on VFSS but two of
them could not be identified in the clinical exami-
nation alone. The authors therefore recommend that
all children with active JDM should be referred for
speech and language assessment and VFSS.

Mitochondrial myopathy (MiM)
The age at onset and the prognosis vary between

diagnoses. In case of neonatal onset hypotonia,
respiratory dysfunction and feeding impairment may
be present as in Leigh syndrome [71]. No literature
describing specific bulbar impairment in MiM was
found.

Friedreich ataxia (FRDA)
Keage et al. studied dysphagia in 60 adults with

FRDA, 45 (75%) of whom had childhood onset [72].
The participants were screened for dysphagia based
on their case history and a quality-of-life question-
naire, and 59 (98%) of them reported dysphagia. Of
these, 35 participated in an oromotor assessment and
38 in a swallowing study (VFSS). Thirty had both
assessments. The most frequently affected oromo-
tor domains were laryngeal, tongue, and respiratory
function. The airway was significantly compromised
in 13/38 patients and all patients who aspirated
(n = 10) did so silently. The study results also indi-
cate that dysphagia worsens with the duration and
severity of the disease. The progression of dysphagia
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after one year was assessed in 23 adults with FRDA
(87% had childhood onset) [73]. Swallowing-related
quality of life, oral motor function and swallowing
related health was stable after one year but more
impaired tongue, pharyngeal, and cricopharyngeal
function was observed in the swallowing examination
(VFSS). The impact of dysphagia on quality of life
was investigated in 36 adults with FRDA (69% with
childhood onset) [74]. The results showed that swal-
lowing function decreases with overall reductions in
quality of life.

Twenty patients (16–71 years) with FRDA (42%
with childhood onset) and ten controls (15–68 years)
participated in a study of speech motor function and
intelligibility [75]. Acoustic analyses of audio record-
ings gave information about speech rate and pitch
variation. The most affected speech dimensions were
respiration, voice quality, voice instability, articu-
lation, and tempo. Vocal instability could predict
ataxia severity. Tempo was correlated with disease
duration and articulation could predict the intelli-
gibility score. Speech and voice samples from 36
adults with FRDA (56% with childhood onset) and
30 controls were collected for acoustic and perceptual
analysis [76]. Mild dysphonia including hoarseness,
increased strain and altered pitch variability were
characteristic findings. The onset and severity of
the disease correlated with speaking rate and syl-
labic duration but not with dysphonia severity. The
occurrence of nasality was investigated in 37 adults
with FRDA (70% with childhood onset) and 20 con-
trols [77]. Perceptual analyses showed that 27 had
hypernasality and five hyponasality. A nasometry
assessment including eight patients with FRDA and
eight controls revealed a significantly higher nasal-
ity score in participants with FRDA compared with
controls. Folker et al. (2012) investigated the res-
piratory, laryngeal, velopharyngeal, and articulatory
systems of seven patients with FRDA (57% with
childhood onset) using both perceptual and instru-
mental methods [78]. They found a variability in
dysarthria associated with FRDA, especially con-
cerning the presence of hypernasality and phonatory
dysfunction.

Pompe disease (PD)
Significant feeding difficulties and respiratory dis-

tress are common in infant onset Pompe disease
(IOPD), and continuous dysphagia monitoring is
required [79–81]. Oropharyngeal swallowing was
assessed in 13 children with IOPD, 0.5–16.1 months
old, before initiation of Enzyme replacement therapy

(ERT) [82]. Examination with VFSS showed that all
children had dysphagia. The oral stage of swallow-
ing was affected in 77% and the pharyngeal stage in
100%. Common symptoms were weak suck, pharyn-
geal swallow delay, pharyngeal residue, and airway
invasion. Five had silent aspiration.

The frequency and consequences of facial mus-
cle weakness, speech disorders and dysphagia were
investigated a follow-up study of 11 long-term sur-
vivors of classic IOPD who were treated with ERT
[83]. Facial muscle weakness was found in all chil-
dren. Speech was assessed in four of the children who
were found to have disordered articulation, hyper-
nasality and reduced intelligibility. Six children took
part in a swallowing examination and five were found
to have “ineffective swallowing”, three penetration or
aspiration, and two reduced pharyngeal and/or laryn-
geal sensibility. Regular swallowing assessments and
early interventions to improve speech were recom-
mended.

Onset of swallowing and feeding difficulties in
the first two years of life occurred in late onset
Pompe disease (LOPD) [84]. Szklanny et al. exam-
ined voice quality in 19 patients with LOPD, 15–57
years (47% had the juvenile form) [85]. The assess-
ment included otolaryngological examination and
electroglottographic, acoustic, and nasalance mea-
surements. Impaired vocal fold closure and weakness
of the vocal muscles caused dysphonia in LOPD
and speech nasality due to insufficient closure of the
soft palate. Instrumental methods revealed that the
voice apparatus was most affected in patients with
the juvenile form. A deterioration in voice quality
was found in a follow-up study three years later [86].

ERT is an approved therapy for PD that aims to
improve muscle function [87].

Myotonic dystrophy type 1 (DM1)
Hypotonia, feeding impairment and respiratory

problems are early childhood features in congeni-
tal DM1 (CDM) [88]. Different aspects of orofacial
function were explored in a study of children and
adolescents with DM1 [89]. A majority had mod-
erate or severe impairment of lip motility, tongue
motility and lip force. Oral motor function was most
affected in CDM. Parents reported problems with eat-
ing and drinking and saliva control. In an exploratory
study of orofacial function, children with CDM were
evaluated for speech and swallowing function and
for lingual and labial strength [90]. The children had
dysarthria (62%) or were non-verbal (38%). A moder-
ate correlation was found between dysarthria, lingual
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Table 1
Diagnoses and number of participants in clinical studies on feeding, swallowing, saliva control and speech in congenital or early developing

NMDs published in the PubMed Database from January 1, 1998, to August 31, 2021

Title (publication year) Diagnosis (n) Age group Short summary

NMDs as a group and comparison between
NMDs

Dysphagia and Dysarthria in Children with
Neuromuscular Diseases, a Prevalence Study
(2020) [15]

NMD (295) 2.6–18 yrs. Dysphagia and dysarthria were present in most
of the diagnostic groups.

Dysphagia diagnosis with questionnaire, tongue
strength measurement, and FEES in patients
with childhood-onset muscular dystrophy
(2019) [16]

DMD (39)
BMD (13)
MD:other (6)
Controls (56)

7–27 yrs.
7–27 yrs.
7–12 yrs.
7–27 yrs.

The prevalence of dysphagia was 20.7%. The
main complaint was solid food. FEES findings
were pharyngeal residue, spillage of food
before the swallow and supraglottal
penetration.

NMDs affecting anterior horn cells
Feeding and Swallowing Problems in Infants

with Spinal Muscular Atrophy Type 1: An
Observational Study (2020) [17]

SMA (16) Infants Impaired feeding and swallowing remained in
infants with SMA type 1 after the start of
Nusinersen.

Trajectory of change in the swallowing status in
spinal muscular atrophy type I (2020) [18]

SMA (11) 0–2 yrs. The timeline of deterioration of the swallowing
function varied widely in patients with SMA
type 1. All subjects were eventually dependent
on tube feeding.

Feeding problems and malnutrition in spinal
muscular atrophy type II (2008) [19]

SMA (122) 1–47 yrs. Several patients with SMA type 2 had limited
jaw opening, chewing and swallowing
difficulties.

Feeding difficulties in children and adolescents
with spinal muscular atrophy type 2 (2021)
[20]

SMA (146) Clinical record
review

Feeding difficulties were present in 60% of
children and adolescents with SMA type 2.

Dysphagia in spinal muscular atrophy type II:
more than a bulbar problem? (2009) [21]

SMA (6)
Controls (6)

6.4–13.4 yrs. Dysphagia in SMA type 2 was found to be due
to a neurological dysfunction influencing the
muscle force and efficiency of movement of
the tongue and the submental muscle group in
combination with compensatory head posture.

Prevalence and risk factors for feeding and
swallowing diffi-culties in spinal muscular
atrophy types II and III (2012) [22]

SMA (108) 3–45 yrs. Patients with SMA type 2–3 had a high
prevalence of risk factors for feeding and
swallowing difficulties. Dysphagia severity
was closely related to motor function.

Bulbar muscle MRI changes in patients with
SMA with reduced mouth opening and
dysphagia (2014) [23]

SMA (145)
Controls (119)

1.8–78 yrs. Reduced maximum mouth opening was
common in SMA.

Bulbar Problems Self-Reported by Children and
Adults with Spinal Muscular Atrophy (2019)
[24]

SMA (118) Register Fatigue associated with mastication and
swallowing, and intelligibility problems were
frequently reported.

Mastication in Patients with Spinal Muscular
Atrophy Types 2 and 3 is Characterized by
Abnormal Efficiency, Reduced Endurance, and
Fatigue (2021) [25]

SMA (27) 13–67 yrs. Non-ambulatory patients demonstrated
inefficient mastication. Muscle ultrasound of
the mastication muscles showed an abnormal
muscle structure.

Intellectual abilities, language comprehension,
speech, and motor function in children with
spinal muscular atrophy type 1 (2021) [26]

SMA (22) 3–11 yrs. Children with SMA type 1 showed intelligence
and language comprehension in the normal
range. Speech was severely compromised.

Communication skills among children with
spinal muscular atrophy type 1: A parent
survey (2019) [27]

SMA Caregivers’
report

Parents of children with SMA type 1 reported
greater receptive than expressive language
ability.

Patient Reported Impact of Symptoms in Spinal
Muscular Atrophy (2018) [28]

SMA (359) 18–81 yrs. The prevalence of swallowing and
communication difficulties differed among
SMA types.

NMDs affecting nerve fibres
Congenital myasthenic syndromes in childhood:

diagnostic and management challenges (2008)
[36]

CMS (46) Clinical record
review

Feeding difficulties during the neonatal period
were common.

DOK7 congenital myasthenic syndrome in
childhood: early diagnostic clues in 23
children (2013) [37]

CMS (23) Clinical record
review

48% had stridor and 57% feeding difficulties at
birth. Seven of the children with stridor had
documented vocal cord palsy.

(Continued)
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Table 1
(Continued)

Title (publication year) Diagnosis (n) Age group Short summary

Congenital stridor with feeding difficulty as a
presenting symptom of Dok7 congenital
myasthenic syndrome (2010) [38]

CMS (11) Clinical record
review

All patients with DOK7 had difficulty with
feeding, weak suck, and swallow.

Pediatric myasthenia gravis and velopharyngeal
incompetence (2004) [39]

CMS (4) 2.20–14.6 yrs. Velopharyngeal incompetence affected speech
intelligibility.

Childhood myasthenia gravis: clinical features
and outcomes (2011) [40]

CMS (119) < 15 yrs. The prevalence of dysphagia was 7.5%.

Clinical Characteristics of Juvenile Myasthenia
Gravis in Southern China (2018) [42]

JMS (327) Clinical record
review

Less than 1% had bulbar weakness.

NMDs affecting muscles
Orofacial muscles may be affected in early

stages of Becker muscular dystrophy: A
preliminary study (2020) [43]

BMD (11)
DMD (11)

10.7 ± 2.4 yrs.
7.7 ± 1.7 yrs.

Clinicians should be aware of dysphagia in both
BMD and DMD.

A comparison of swallowing dysfunction in
Becker muscular dystrophy and Duchenne
muscular dystrophy (2018) [44]

BMD (18)
DMD (18)

45.6 ± 15.0 yrs.
17.1 ± 3.7 yrs.

Patients with BMD were found to have
dysphagia like patients with DMD if their
physical functional status was at the same
level.

Neurodevelopmental, behavioural, and
emotional symptoms in Becker muscular
dystrophy (2020) [45]

BMD (70) 1.0–36.7 yrs. Language and speech delay was common in
BMD.

Centronuclear myopathy: clinical aspects of ten
Brazilian patients with childhood onset (1998)
[46]

CM (10) 3–25 yrs. Hypotonia at birth, weak crying and feeding
difficulties were common. Patients presented
with weakness of masticatory and facial
muscles.

Nemaline myopathy: a clinical study of 143
cases (2001) [47]

CM (143) Clinical record
review

Feeding difficulties occurred in 79 cases and 75
had significant respiratory disease during the
first year of life.

Congenital myopathies—clinical features and
frequency of individual subtypes diagnosed
over a 5-year period in the United Kingdom
(2013) [48]

CM (66) Clinical record
review

35% of all patients required ventilatory support
and/or enteral feeding.

Congenital myopathies: Natural history of a
large pediatric cohort (2015) [49]

CM (125) Clinical record
review/children

Bulbar involvement was present in 46.4% and
required gastrostomy placement in 28.8% of
the patients.

A Cross-Sectional Study of Nemaline Myopathy
[50]

CM (57) 1–57 yrs. 26% required a wheelchair, tracheostomy, and a
feeding tube.

Feeding problems in merosin deficient
congenital muscular dystrophy (1999) [52]

CMD (14) 2–14 yrs. Children with merosin deficient CMD have
difficulties at all stages of feeding.

National registry of patients with Fukuyama
congenital muscular dystrophy in Japan (2018)
[53]

CMD (207) 0–42 yrs. Dysphagia was observed in 22% of patients with
FCMD.

Dysphagia in Duchenne muscular dystrophy
assessed by validated questionnaire (2013)
[55]

DMD + dysph. (9)
DMD – dysph. (6)
Controls (12)

21.7 ± 4.2 yrs.
21.0 ± 3 yrs.
24.8 ± 3.1 yrs.

Compared with patients with DMD without
dysphagia, the patients with dysphagia report
significantly higher scores on different aspects
of swallowing and weight gain.

Dystrophic changes in masticatory muscles
related chewing problems and malocclusions
in Duchenne muscular dystrophy (2016) [56]

DMD (72) 4.8–28 yrs. Food adaptation and chewing problems were
observed in the early stages of the disease.
Progressive chewing dysfunction was reflected
by an increasingly abnormal echogenicity of
the masseter muscle and reduced occlusal
contacts.

Tongue pressure during swallowing is decreased
in patients with Duchenne muscular dystrophy
(2014) [57]

DMD (11)
Controls (11)

17–24 yrs.
20–27 yrs.

A correlation was found between tongue
pressure and the depth of the palate.

Feeding problems and weight gain in Duchenne
muscular dystrophy (2006) [58]

DMD (118) 13.8–35.8 yrs. Chewing difficulties are common and increase
with age.

Prevalence of smooth muscle dysfunction
among children with Duchenne muscular
dystrophy (2020) [59]

DMD (114) 5–15 yrs. The prevalence of gastro-oesophageal reflux was
21%.

(Continued)
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Table 1
(Continued)

Title (publication year) Diagnosis (n) Age group Short summary

Oral muscles are progressively affected in
Duchenne muscular dystrophy: implications
for dysphagia treatment (2013) [60]

DMD (24) 6.3–41.6 yrs. Oral muscles related to swallowing were
progressively affected. Tongue hypertrophy
was common in non-ambulatory stages.

Predictive factors for masticatory performance
in Duchenne muscular dystrophy (2014) [61]

DMD (23)
Controls (23)

6–38 yrs. Masticatory performance in DMD was severely
reduced.

Swallowing difficulties in Duchenne muscular
dystrophy: indications for feeding assessment
and outcome of videofluroscopic swallow
studies (2008) [62]

DMD (30) 6–31.4 yrs. The oral phase of swallowing was most affected
in DMD. Reported swallowing problems were
not always associated with difficulties found
on VFSS.

Dysphagia in patients with Duchenne muscular
dystrophy evalu-ated with a questionnaire and
videofluorography (2008) [63]

DMD (31) 9–26 yrs. VFSS is recommended in all patients with DMD
since dysphagia was evident also in those
without clinical symptoms.

Dysphagia in Duchenne muscular dystrophy
assessed objectively by surface
electromyography (2013) [64]

DMD + dysph. (9)
DMD – dysph. (6)
Controls (12)

21.7 ± 4.2 yrs.
21.0 ± 3.0 yrs.
24.8 ± 3.1 yrs.

Impaired oral motor activity during swallowing
was found using surface electromyography.

Relationship between Eating and Digestive
Symptoms and Respiratory Function in
Advanced Duchenne Muscular Dystrophy
Patients (2020) [65]

DMD (180) 22.3 ± 5.0 yrs. Dysphagia was more closely correlated with
respiratory function than with age.

Nutritional status, swallowing disorders, and
respiratory prognosis in adult Duchenne
muscular dystrophy patients (2021) [66]

DMD (117) 18–39 yrs. Prevalence of malnutrition, swallowing
disorders, and gastrostomy were respectively
62%, 34%, and 11%.

Dysphagia in facioscapulohumeral muscular
dystrophy (2006) [68]

FSHD (8) 26–53 yrs. Dysphagia occurred in patients with advanced
FSHD with a mild involvement of the lips, jaw,
and lingual muscles.

Juvenile dermatomyositis at diagnosis: clinical
characteristics of 79 children (1998) [69]

JDM (79) Caregivers’
report

At diagnosis 35 children (44%) had dysphagia
and 34 children (43%) had hoarseness.

Oropharyngeal dysphagia in juvenile
dermato-myositis (JDM): an evaluation of
videofluoroscopy swallow study (VFSS)
changes in relation to clinical symptoms and
objective muscle scores (2007) [70]

JDM (14) 2–16 yrs. VFSS was abnormal in 11 children (79%).

Mortality of Japanese patients with Leigh
syndrome: Effects of age at onset and genetic
diagnosis (2020) [71]

MiM (166) 35.5 ± 12.2 yrs. Respiratory dysfunction and feeding impairment
were common in neonatal children with Leigh
syndrome.

Dysphagia in Friedreich Ataxia (2017) [72] FRDA (60)
Controls (59)

35.5 ± 12.2 yrs. Dysphagia was common in individuals with
FRDA and worsens with disease duration and
severity.

Changes detected in swallowing function in
Friedreich ataxia over 12 months (2019) [73]

FRDA (23) . A decline in swallowing function was observed
over 12 months. This did not translate into
functional decline of swallowing-related
health.

Dysphagia and swallowing-related quality of life
in Friedreich ataxia (2014) [74]

FRDA (36) 23–58 yrs. Swallowing function decreases with overall
reductions in quality of life.

Friedreich ataxia: dysarthria profile and clinical
data (2013) [75]

FRDA (20)
Controls (10)

16–71 yrs.
15–68 yrs.

Respiration, voice quality, voice instability,
articulation, and tempo were the most affected
speech dimensions in FRDA.

Voice in Friedreich Ataxia (2017) [76] FRDA (36)
Controls (30)

37.5 ± 9.4 yrs.
36.5 ± 9.6 yrs.

Mild dysphonia including hoarseness, increased
strain and altered pitch variability were
characteristic findings.

Nasality in Friedreich ataxia (2015) [77] FRDA (37)
Controls (24)

23–58 yrs.
22–58 yrs.

Participants with FRDA had greater nasality
than controls.

Differentiating profiles of speech impairments in
Friedreich’s ataxia: a perceptual and
instrumental approach (2012) [78]

FRDA (7) 34–56 yrs. Variability in dysarthria associated with FRDA
was found, especially the presence of
hypernasality and phonation.

Swallow Prognosis and Follow-Up Protocol in
Infantile Onset Pompe Disease (2017) [79]

IOPD (12) Clinical record
review

Results on VFSS predicted long-term feeding
outcomes in IOPD.

Clinical and Molecular Disease Spectrum and
Outcomes in Patients with Infantile-Onset
Pompe Disease (2020) [80]

IOPD (77) Clinical record
review

> 50% had feeding problems, failure to thrive
and malnutrition.

(Continued)
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Table 1
(Continued)

Title (publication year) Diagnosis (n) Age group Short summary

A retrospective, multinational, multicentre study
on the natural history of infantile-onset Pompe
disease (2006) [81]

IOPD (168) Clinical record
review

In IOPD, feeding difficulties (57%), and failure
to thrive (53%) appeared after a median age of
4 months.

Oropharyngeal dysphagia in infants and children
with infantile Pompe disease (2010) [82]

IOPD (13) Clinical record
review

Facial weakness, dysarthria and dysphagia were
common in long-term survivors receiving ERT
for IOPD.

Facial-muscle weakness, speech disorders and
dysphagia are common in patients with classic
infantile Pompe disease treated with enzyme
therapy (2012) [83]

IOPD (11) Clinical record
review

Facial weakness, dysarthria and dysphagia were
common in long-term survivors receiving ERT
for IOPD.

Early-onset of symptoms and clinical course of
Pompe disease associated with the c.-32-13
T > G variant (2018) [84]

LOPD (84) Clinical record
review

Onset of swallow and feeding difficulties in the
first two years of life was not uncommon in
LOPD.

Analysis of voice quality in patients with
late-onset Pompe disease (2016) [85]

LOPD (15) 15–57 yrs. Progressive muscle damage in LOPD can lead to
changes in the voice and speech. There is a
range of pathological voice changes in patients
with LOPD.

Follow-up analysis of voice quality in patients
with late-onset Pompe disease (2018) [86]

LOPD (15) 15–57 yrs. At three years follow-up, LOPD patients
demonstrated a deterioration in voice quality.

Prenatal, Neonatal, and Early Childhood
Features in Congenital Myotonic Dystrophy
(2018) [88]

DM1 (38)
Literature (80)

0–5 yrs. Feeding impairment was an early childhood
feature in congenital DM1.

Orofacial dysfunction in children and
adolescents with myotonic dystrophy (2007)
[89]

DM1 (56)
Controls (56)

0.5–21 yrs.
2.5–21 yrs.

Intelligibility was moderately or severely
reduced in 30 patients (60%). The families
reported dysphagia (51.9%) and drooling
(37.0%).

Orofacial strength, dysarthria, and dysphagia in
congenital myotonic dystrophy (2018) [90]

DM1 (41)
Controls (29)

0.5–13.2 yrs.
1.3–13.9 yrs.

Children with congenital DM1 had impaired
orofacial functioning that affected
communication and swallowing.

Speech characteristics in the congenital and
childhood-onset forms of myotonic dystrophy
type 1 (2018) [91]

DM1 (50)
Controls (13)

7–29 yrs.
15–31 yrs.

Deviant production of bilabials, interdental
articulation and hyper nasal speech were
characteristic features of dysarthria in
congenital and childhood DM1.

strength, age, and dysphagia and between strength
measures and dysphagia.

Speech characteristics, including intelligibility,
speech sound production, nasality and compen-
satory articulation, have been investigated in patients
with the congenital and childhood-onset forms of
DM1 [91]. The study showed that deviant produc-
tion of bilabial consonants, interdental articulation
and hypernasal speech are characteristic features of
dysarthria in CDM and childhood DM1 and that
dysarthria is more frequent and more severe in CDM
compared with childhood DM1. Based on the find-
ings, it was concluded that most children with DM1
will need speech therapy. In case of incomprehen-
sible speech or severe neurodevelopmental disorder,
alternative and augmentative ways of communication
could be a part of the treatment.

The “Consensus-based care recommendations for
congenital and childhood-onset myotonic dystrophy
type 1” (2019) includes recommendations for feeding
concerns, dysphagia, and dysarthria [92].

Fig. 1. Type of neuromuscular disease (NMD) and the distribution
of clinical studies included in a literature review on congenital or
early developing neuromuscular diseases affecting feeding, swal-
lowing, saliva control and speech.

DISCUSSION

The literature search on feeding, swallowing,
saliva control and speech in NMDs showed that these
topics are noticed more in some diagnoses than in
others. Possible explanations could be the rarity of
the disease or the fact that feeding impairment, dys-
phagia or dysarthria are not among the characteristic
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features. Whether swallowing and speech are affected
or not is mostly dependent on the degree of oral
motor/bulbar involvement, but respiratory function,
general health and neurodevelopmental delay also
influence these functions. In NMDs with a progres-
sive course, swallowing and speech may be affected
in later stages of the disease. Most studies were
on dysphagia/feeding difficulties and only a few on
dysarthria and very few on saliva control. There is
also a lack of studies following the evolution of these
difficulties over time. Almost all the clinical stud-
ies were observational studies and about one fifth
included healthy controls. Standards of care and com-
prehensive overviews that contain descriptions of
feeding, swallowing, saliva control and speech in
NMDs were also mentioned for NMD as a group
[12–14], SMA [29–32], JMG [41], CM [51], CMD
[54], DMD [66, 67], PD [87] and DM1 [92].

Feeding and breathing difficulties are common in
infants with congenital forms of NMDs. Lifesaving
interventions such as tube feeding and ventilatory
support in common in severe cases. Ventilatory sup-
port can have a significant impact on the natural
history of NMDs and life expectancy [93]. For this
reason, it is important to recognise the onset of signs
and symptoms of respiratory failure and to monitor
respiratory function in patients with NMD carefully
[94, 95].

In several NMDs, gastrostomy tubes are an impor-
tant tool or aid to achieve good nutritional status.
Having a gastrostomy tube as a child or being the
parent of a child with a gastrostomy tube could have
a major impact on quality of life. It affects not only the
meals themselves, but also many other parts of family
life. It is important that healthcare professionals ask
about eating and eating difficulties as they are not
always self-reported [96]. Nutritional management
practices vary internationally and there is an urgent
need for larger, coordinated, prospective intervention
studies of nutrition in NMDs [97, 98]. Salera et al.
(2017) [97] highlight the importance of recognising
the nutritional status of children with DMD and other
NMDs. The authors mention the following nutritional
aspects that should be considered: “ . . . the deleteri-
ous effects of overnutrition on glucose metabolism,
mobility, and respiratory and cardiologic functions;
the impact of hyponutrition on muscle and ventila-
tory function; constipation and other gastrointestinal
complications; chewing/swallowing difficulties with
an increased risk of aspiration that predisposes to
infectious diseases and respiratory complications; as
well as osteoporosis with an associated increased

risk of fractures.” [97]. Gastrostomy feeding is
often recommended to avoid malnutrition in patients
with severe dysphagia. However, cardiomyopathy,
reduced pulmonary function and other medical risk
factors are common in NMDs and postoperative com-
plications have been observed and the perioperative
care of patients with NMD who need a gastrostomy
therefore requires input from relevant medical spe-
cialists [99].

Studies have shown that feeding and swallowing
problems occur in most paediatric NMDs and early
referral to a speech-language pathologist is therefore
recommended [13, 15]. The importance of multidisci-
plinary and systematic management programmes for
patients with NMDs has been emphasized [100–102].
The evidence to determine the effects of dysphagia
and dysarthria treatment is insufficient due to a lack
of research and validated assessment tools [103–105].
The rapid development of medical treatment in sev-
eral of the NMDs contributes to the fact that the
prognosis for individuals with these diagnoses is con-
stantly evolving. It is a challenge for clinicians and
researchers to keep themselves updated about this
rapid medical development. For these reasons, litera-
ture reviews on NMDs should be repeated after some
years. Longitudinal studies are also warranted to pro-
vide the right care at the right time for patients with
NMD.

The literature search had limitations concern-
ing publication year, language, selected keywords,
and choice of search database. Some studies were
included even though not all participants belonged
to the target group “congenital or early developing
NMDs”. To search for studies including intervention
and assessment strategies was not a part of the aim
but would be interesting subjects for further reviews
on dysphagia, and dysarthria in congenital and early
developing NMDs.

CONCLUSION

Feeding impairment, dysphagia and dysarthria are
common in congenital NMDs or NMDs with early
age of onset. Feeding and swallowing have been
more extensively studied than speech and saliva con-
trol. Feeding impairment and dysphagia can lead
to life-threatening symptoms such as malnutrition,
dehydration, repeated chest infections or choking.
As many patients with NMDs now receive exten-
sive medical interventions to prolong survival, it is
essential that these patients are given the best possi-
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ble opportunity to maintain functions such as feeding,
swallowing, saliva control and speech to survive and
to preserve their quality of life. To ensure this, speech
language pathologists should be included in neuro-
muscular teams.
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