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Abstract.

Background: Dysphagia and dysarthria are frequently described in pediatric neuromuscular diseases (pNMD). The conse-
quences can be substantial: failure to thrive, malnutrition, aspiration pneumonia, or communication problems. Early detection
and identification of risk factors and etiology support preventing complications and morbidity, including impact on quality
of life. Information about the prevalence of dysphagia and dysarthria in pNMD is scarce.

Objective: To describe the pooled prevalence of dysphagia and dysarthria in pNMD in the Netherlands. In addition, we
describe the prevalence of dysphagia and dysarthria each, and the prevalence of chewing (oral) and swallowing problems per
diagnostic group, based on their anatomic origin.

Methods: Data were collected from 295 children (mean age 11;0 years, range 2;6—18;0) with pNMD in 12 hospitals and
rehabilitation centers in the Netherlands. A speech language therapist established whether dysphagia and dysarthria were
present or not.

Results: In almost all the 14 diagnostic groups of pPNMD, dysphagia and dysarthria were present. Pooled overall prevalence of
dysphagia and dysarthria was 47.2% and 31.5%, respectively. Of 114 children with dysphagia, 90.0% had chewing problems,
43.0% showed swallowing problems and 33.3% showed both chewing and swallowing problems.
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Conclusions: The overall pooled prevalence of dysphagia and dysarthria was high in the population of pNMD. It can be

argued that periodic monitoring of dysphagia and dysarthria and early referral to a speech language therapist should be a

necessity from the start of the diagnosis in the whole pNMD population.
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INTRODUCTION

Most neuromuscular diseases (NMD) are rare,
their prevalence is not exactly known and differs per
country. Pediatric NMD (pNMD) are classified by
anatomic level: 1. the ventral horn, 2. the radix, 3.
the peripheral nerve, 4. the neuromuscular junction,
5. the muscle.

In pNMD problems with eating, swallowing (i.e.
dysphagia) and speech (i.e. dysarthria) are frequently
described [1]. These problems can cause severe
complications having a negative impact on health,
well-being and social participation. Symptoms do not
always appear to the same extent and at the same time
in the child’s development and through the course of
the disease [2]. In addition, parents or caregivers are
often not aware of the symptoms, which can develop
gradually, and are often not aware of the risks and
possibilities for treatment [3-5]. Early recognition
and identification of risk factors and etiology might
help prevent complications and morbidity and could
improve quality of life [2, 4, 6, 7]. Timely screening
and referral of children at risk to a speech language
therapist is important [8, 9]. However, information
about the prevalence of dysphagia and dysarthria in
pNMD is scarce and data on chewing and swallow-
ing problems is lacking. This information can give
insight in a disease course, give help in optimal mon-
itoring of the course and can give direction to new
studies about interventions [10].

There are approximately 600 various NMD’s that
are acquired or inherited. Although varying in etiol-
ogy and severity, (progressive) muscle weakness is
the most common clinical feature.

Dysphagia in pNMD is mostly caused by weak-
ness of the oral, facial and pharyngeal muscles and
is often characterized by chewing and swallowing
problems (oral and pharyngeal), that might result
in prolonged mealtimes, and oral and/or pharyngeal
residue [3, 11-14]. These problems are sometimes
complicated, in varying degrees, by impairments
such as limited mouth opening, inability to close the
mouth due to malocclusions, or structural abnormal-
ities of the tongue [1, 15, 16]. All this may lead to

significant morbidity such as failure to thrive, malnu-
trition, choking, and aspiration [2, 4]. Furthermore,
dysphagia may negatively impact parent-child rela-
tionships, may need changes to lifestyle and to future
plans of children and their parents. In addition, not
being able to eat a meal in the social context may lead
to isolation and exclusion [17-19].

The muscle weakness also induces dysarthria, a
motor speech disorder causing problems on different
levels: weak breathing, limited mouth opening and/or
lip closure and disturbed oral control [5, 20-23].
These are evidently ingredients for communication
difficulties with diminished performance in social sit-
uations and negative impact on the quality of life of
children with pNMD [24-26].

In adults with NMD, a prevalence of dysphagia
of 36-58% and of dysarthria of 46-62% was found
[27]. In children with NMD, the prevalence rates
of dysphagia and dysarthria are scarcely available;
only in spinal muscular atrophy (SMA) II and III
(45%) [2] and myotonic dystrophy (52%) [28] the
prevalence of dysphagia has been described. The
prevalence of dysarthria is only known in congeni-
tal and juvenile myotonic dystrophy (resp. 100% and
79%) [9]. Aspects of dysarthria has been described
in literature in congenital myopathy [20], Duchenne
muscular dystrophy (DMD) [29] and SMA [2, 30].

The goal of this study is to describe the pooled
prevalence of dysphagia and dysarthria in pNMD in
the Netherlands. In addition, we describe the over-
all pooled prevalence of dysphagia and dysarthria,
and the prevalence of chewing (oral) and swallowing
problems per diagnostic group.

METHODS

A multi-center cross-sectional design was used to
describe the prevalence of dysphagia and dysarthria
in pNMD. This study was approved by the Com-
mittee on Research Involving Human Subjects of
Arnhem and Nijmegen (nr. 2015-1956). The Strobe
Statement-checklist of observational cross-sectional
studies was followed [31].
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Farticipants

In the Netherlands, most children with an NMD
are monitored annually by a rehabilitation physician
or pediatric neurologist. To yield a representative
sample of the pNMD population, 12 out of 26
Dutch rehabilitation centers and (university) hos-
pitals known having a pNMD-team participated in
the data collection. We included centers and hospi-
tals when 1) their speech language therapist (SLT)
was involved in the Dutch working group ‘Speech
language therapy in children with neuromuscular dis-
eases’; ii) their SLT was experienced in diagnosing
pediatric dysphagia and dysarthria; iii) their inter-
nal medical ethical committee and/or research board
approved the participation. Eight centers declined
participation due to organizational problems (mostly
time lack). A flowchart and a map displaying the
inclusions and spread throughout the Netherlands of
the participating centers is shown in Fig. 1.

Between October 2015 and December 2017, each
of the participating centers included all eligible con-
secutive outpatients in a one-year-period if a patient
i) was diagnosed with pNMD by a pediatric neurol-
ogist; (ii) was aged >2 and <18 years; and (iii) the
parent signed the informed consent.

Only the child’s first visit in this one-year period
counted. Children were excluded if they were hav-
ing a (sub) acute auto-immune pNMD, for example
Guillain Barre Syndrome (GBS).

Assessment

We used the Diagnostic list of Dysphagia and
Dysarthria in pNMD (DDD-pNMD) [29], a Dutch
instrument, to assess and diagnose dysphagia and/or
dysarthria in children with NMD. The DDD-pNMD
exists of four parts: 1) a screening part for the physi-
cian (Screeninglist Physician); 2) a questionnaire for
parents; 3) a screening part for the speech language
therapist (SLT); and 4) a diagnostic part for the SLT
(see Fig. 2).

The Screeninglist Physician is a short screening
instrument, consisting of nine broad yes/no-questions
to be answered by parents/caregivers or by the
young adult patient: seven questions on feeding
and swallowing, and two questions on speech and
communication. The questions are related to often
reported complaints in pNMD [1]. The Screeninglist
Physician has a sensitivity of 88% and identifies chil-
dren at risk for dysphagia and/or dysarthria [32].

The parent questionnaire consists of anamnestic
yes/no-questions about chewing, swallowing, eating
and communication.

The screening part for the SLT aims to make an ini-
tial inventory of the current possibilities and signaled
problems with regard to posture, anatomy, structure
and movement of the articulation organs, saliva con-
trol, eating, drinking, chewing, swallowing, speech
intelligibility and communication.

The diagnostic part for the SLT consists of more
comprehensive assessment items concerning (a) pos-
ture, (b) oral and facial anatomy, structure, movement
and sensibility, (c) saliva control, (d) eating, drinking,
chewing, swallowing, and (e) speech and communi-
cation. Items are based on the Dysphagia Disorder
Survey [33], measurement of the maximum voluntary
mouth opening [16], masseter muscle tension [34],
dysphagia limits [35], and the Radboud Dysarthria
Assessment [36]. All items are scored by the SLT on
a 4-point-scale ranging from 0 =normal to 3 =severe
problems/impossible. Interpretation of the DDD-
pNMD requires specific SLT knowledge in the field of
neurological swallowing disorders and speech in chil-
dren. Final diagnosis of dysphagia and/or dysarthria
is made by the SLT, considering information gathered
by all parts of the DDD-pNMD in combination with
clinical reasoning.

In this research, we only involved SLTs who were
experienced in pNMD, in diagnosing pediatric dys-
phagia and dysarthria, and who were instructed and
coached in the proper use of the DDD-pNMD.

Data collection

The physicians administered the Screeninglist
Physician of the DDD-pNMD in all children with
NMD who visited one of the outpatient clinics. The
physician referred the children to the SLT if the
screening turned out positive and/or if referral was
part of their standard procedure (Fig. 3). An SLT
experienced in pNMD used the diagnostic part of
the DDD-pNMD to establish diagnosis of dyspha-
gia and/or dysarthria. This was done for all children
referred to the SLT. The SLT was asked to give an
overall conclusion in terms of the presence ‘yes’ or
‘no’ of dysphagia and dysarthria. In case of dys-
phagia, nominal data on problems with chewing,
swallowing (present/not present) were collected.

Dataon age, gender, medical diagnosis (type and, if
possible, stadium of disease for the different diagnos-
tic groups of pNMD), Screeninglist Physician-score
and SLT diagnosis were collected.
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Total of pNMD-teams in rehabilitation centers and (university)
hospitals throughout Netherlands as known to the national patient
organization “Spierziekten Nederland” and/or to the Dutch Society
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Fig. 1. Flow diagram and the spread of the centers over the Netherlands: pNMD = pediatric neuromusculair diseases.
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Fig. 2. DDD-pNMD parts. SLT = Speech language therapist.

Statistical methods were calculated for each diagnostic group. We
expected that the patients were unequally distributed
Prevalence rates of dysphagia (broken down for across disease categories, so we used a weighting

chewing and swallowing problems) and dysarthria factor for a representative (pooled) total prevalence.



M. Kooi-van Es et al. / Neuromuscular Pediatric Dysphagia/Dysarthria 291

Potentially eligible
(n=372)

Excluded by
> participating centers
-no consent (n=39)

Excluded by
researcher
P> - not meeting age-
criteria (n=5)
-no pNMD (n=8)
- double included
(n=25)
\ 4
Included in the study
(n=295)
Screeninglist Negative SLT diagnosis
physician + screening as standard
diagnosis physician: not care, no
SLT (n=174) referred to screeninglist
SLT (n=3) (n=118)
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Fig. 3. Flow diagram of included participants (1 =295).

We estimated this pooled total prevalence rates as
follows [27]: The total group of 295 children with
pNMD was first categorized in 14 different diagnos-
tic groups based on the anatomic origin of the disorder
[1]. Prevalence rates of dysphagia and dysarthria were
then calculated for each diagnostic group. After that,
per diagnostic group, the weights were calculated
(dependent on the size of the group and the prevalence
within the group: (prev % (1 — prev)) x N). The cal-
culated weight was then multiplied by the prevalence,
resulting in the calculated weighted prevalence for
each diagnostic group (prev * weight). To calculate
pooled prevalence, the total sum of weighted preva-
lence was divided by the total sum of all weights
prevk((prevk(l—prev))«N)

<ZZ reve(l—prevpyel) and 95% confidence
intervals were calculated. All calculations were per-
formed with SPSS 23 (IBM SPSS Statistics, Chicago,
IL) and Microsoft Excel 2013.

RESULTS
Participants/descriptive data

Of 372 potential eligible outpatients, 295 were
included for analysis (see Fig. 3). In three cases,
children were not referred to the SLT after a neg-
ative screening. In these cases, no dysphagia and/or
dysarthria were assumed. In 118 children (of 295), the
physician referred the child directly to the SLT for
assessment without administering the Screeninglist
Physician. The age of the children ranged from 2;6
to 18;0 years (mean 11;0, SD 4.0), see Table 1 for
characteristics of the participants.

Outcome data/ main results

In all pPNMD, except hereditary sensory and auto-
nomic neuropathy type II, dysphagia and dysarthria
were present, although there was a wide range of
prevalence. Pooled overall prevalence of dyspha-
gia was 47.2% and pooled overall prevalence of
dysarthria was 31.5%. Prevalence per diagnostic
group is depicted in Table 2.

Dysphagia was diagnosed in 143 children. In
79.7% children of this group (n=114) additional
information about the type of problem (i.e. chewing
and/or swallowing problems) was available. Of these
114 children 90.0% had chewing problems, 43.0%
showed swallowing problems and 33.3% showed a
combination of the two problems. For the percent-
ages of the chewing and swallowing problems per
diagnostic group and for the whole group (n=114),
see Fig. 4.

DISCUSSION

This study is the first to show that dysphagia is
prevalent in almost half of pediatric neuromuscular
diseases (pNMD), with an overall pooled prevalence
of 47.2%. For dysarthria, an overall pooled preva-
lence of 31.5% was found. The prevalence rates
observed among disease categories differs from the
pooled data. Analysis of 114 children with dyspha-
gia shows that 90.0% had chewing problems, 43.0%
showed swallowing problems and 33.3% showed
both problems.

Although prevalence of pNMD could be differ-
ent between geographical area’s or between ethnic
groups, we expect that the general finding of a high
overall pooled prevalence does not differ across coun-
tries to a large extent. This high prevalence can
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Table 1
Characteristics of the participants (N =295)
Diagnostic groups based Gender Mean age
on anatomical area years;
months (SD)
Total group N (%) Male Female
Total 295 203 92 11;00 (4.0)
Age range in 2;6-18;0 2;6-18;0 2;6-18;0
years; months (11;0, 4.0) (10511, 4.1) (1151, 3.9)
(mean in years;
months, SD)
NMD, n (%) Anterior horn cell 29 (9.8) 16 13 10;0 (4.7)
Nerve fiber 24 (8.1) 17 7 12;1 (4.1)
Neuromuscular junction 8(2.7) 5 3 10;11 (2.4)
Muscle, divided into:
Muscular dystrophy 125 (42.3) 108 17 11;5 (3.8)
Myotonic dystrophy 26 (8.8) 14 12 10,7 (4.4)
Congenital myopathy 63 (21.4) 32 31 10;5 (4.1)
Metabolic myopathy 20 (6.6) 11 9 10;1 (4.0)
NMD = Neuromuscular diseases.
Table 2
Frequencies of dysphagia and dysarthria (n=295)
Anatomical area p-NMD Total Mean age Dysphagia Dysarthria
n Years, n % n %
months (SD)
Anterior horn cell Spinal Muscular Atrophy SMA type I 1 5;6 (n/a) 1 100 1 100
SMA type I 19 11;0 (4.9) 9 47 2 11
SMA type III 6 8;10 (4.0 2 33 1 17
Variants (NOS) 3 7,7 (4.1) 2 67 3 100
Nerve fibre Hereditary Motor HMSN type 1T 22 12;2 (4.2) 5 23 4 18
Sensory Neuropathies
Autonomic Neuropathies HSAN type II 2 10;11 (2.7) 0 0 0 0
Neuromuscular junction Myasthenic diseases Myasthenic syndrome 8 10;11 (2.3) 7 88 5 63
Muscle Muscle dystrophy Duchenne & Becker 96 11;7 (3.6) 36 36 10 10
FSHD 9 10;8 (3.7) 3 33 4 44
Variants (NOS) 20 11;0 (4.8) 7 35 3 15
Myotonic dystrophy Congenital 4 11;1 (2.9) 4 100 4 100
Juvenile 22 1056 (4.6) 14 64 14 64
Congenital myopathy 63 10;5 (4.1) 38 60 19 30
Metabolic myopathy 20 10;1 (4.0) 16 80 10 50
Total 295 143 80
Pooled prevalence 47.2 31.5
(weighted)
95% CI 41.5-52.9 26.2-36.8

SMA = spinal muscular atrophy, NOS =not otherwise specified, HMSN = hereditary motor sensory neuropathy, HSAN = hereditary sensory
autonomic neuropathy, FSHD = facioscapulohumeral muscular dystrophy, CI = confidence interval.

therefore be a starting point in other countries or
health settings to create more awareness of dysphagia
and dysarthria in pNMD.

Some of our findings of prevalence rates are match-
ing other studies. Chen et al. (2012) conducted a
large (n=108) cohort study of risk factors for feed-
ing and swallowing problems in SMA II and III by
analyzing questionnaires and found a prevalence of
feeding and swallowing problems of 44.4%, which
equals our findings in SMA II and III (44%) [2].
We found a 100%-prevalence recording for dyspha-

gia and dysarthria in congenital myotonic dystrophy,
which is equal to the 100-percentage impaired intel-
ligibility (related to dysarthria) in severe and mild
congenital myotonic dystrophy type I (DMI) as
found by Sjogreen et al. (2018). In childhood DM1,
these authors found that 79% of the children had
impaired intelligibility, related to dysarthria, which
is comparable with the 64% we have found [9].
It should be noted that our study is not aiming to
explore or explain the relation between dysarthria and
intelligibility.



M. Kooi-van Es et al. / Neuromuscular Pediatric Dysphagia/Dysarthria 293

® Chewing (oral)

Swallowing
(pharyngeal)

# Both

Total
(n=114) %
Chewing 103 90,0
Swallowing 49 43,0
Both 38 33,3

100 -
80 -+
/
60 - ﬁ
w 47
20 4 ’ m Chewing
ﬁ Swallowing
0 4
¥ Both
A N
&
N
(‘\\ K\&Q‘ é}o
<& C\e \)(\
N & O
& N NG
© & N
& & S
v & Y
N N\
K

Fig. 4. Presence of chewing and swallowing problems in dysphagic pediatric neuromuscular diseases (n=114).

However, in the review study of Audag et al. it was
shown that not all studies had similar prevalence rates
of dysphagia and dysarthria, probably due to different
used study methods (different assessment methods,
definitions of dysphagia [6] and/or study populations
and sample sizes). For example, in Pompe disease, a
metabolic pNMD with severe oral muscle weakness
leading to hyper nasality in speech, a prevalence of
dysarthria of 100% was found in literature [5, 22,
37]. In the current study we found a 50%-dysarthria-
prevalence in the metabolic NMD group, probably
due to heterogeneity and included diagnoses with less
severe oral muscle weakness.

Some studies showed lower prevalence rates. In a
study by Pane (2006) 28% of 118 patients with DMD
reported feeding problems, which is less than the 36%
we found [15]. Sjogreen (2007) found a prevalence of
51.9% of eating problems in children and adolescents
with myotonic dystrophy (n=54), as assessed with a
questionnaire [28]. This is lower than our findings in
the congenital myotonic dystrophy patients (100%,
n=4)andjuvenile myotonic dystrophy (64%, n =22).

Both Sjogreen and Pane used questionnaires to
describe the prevalence of dysphagia. The differ-
ences in prevalence compared to our study might
be explained by their use of questionnaires, which

points to self-reported problems that might give an
underestimation.

Although no consensus exists on the best tool
or specific protocol for evaluating dysphagia in
pNMD [6], we suspect clinical examination is
more sensitive than the often-used questionnaires.
Knuijt et al. (2013) also found a discrepancy in
prevalence between their study in adult NMD,
probably explained by the assessment methods
and underreported complaints and disabilities [27].
Overall feeding and swallowing difficulties in pNMD
are frequently underrecognized as described by Hull
et al. (2012) [3].

The strength of our study is that the data collection
was done by the speech language therapist in com-
bination with an initial screening by the physician,
comparable with the study of Knuijt et al. (2013). We
think that this method gives a more precise preva-
lence.

Limitations

We used observational instruments, because stan-
dardized assessment tools for pediatric dysphagia
are lacking [6]. Instrumental tools like video fluoro-
scopic swallowing exams, which are considered gold
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standard, are too invasive for children if no signs of
aspiration exist. Our research relied on clinical exam-
iners to assess several variables leading to a diagnosis
of dysphagia or dysarthria. To the best of the authors’
knowledge, there is no gold standard for the non-
instrumental assessment of dysphagia and dysarthria
in children. The quality of the gathered information
is dependent both on the skills of the examiners and
the validity of the used assessment methods. There is
no gold standard for the non-instrumental assessment
of pediatric dysphagia and dysarthria. We have made
several attempts to increase the objectivity of assess-
ments. First, we used the DDD-pNMD, an instrument
which was clear-cut designed to assess dysphagia and
dysarthria in pNMD (Franssen, 2015). Second, all
participating SLTs were members of the Dutch work-
ing group ‘Speech language therapy in children with
neuromuscular diseases’ and have been involved in
the development of the DDD-pNMD. Moreover, all
participators of this working group were instructed
and coached in the proper use of the instrument.

We conducted this study multi-central within a
one-year period to increase the proportion of the over-
all population of the participation centers in this study
and with that, optimize the generalizability. However,
there is a possibility that children with milder disease
phenotypes, who were not referred to a secondary-
level health service were missing in our study sample.
Given the nature of pPNMDs, we think these numbers
are small.

In addition, dysphagia and dysarthria were mea-
sured at a single point in time across ages. This might
be a limitation because there can be changes over
time, due to normal development and/or the progres-
siveness of some of the disease categories, which was
not measured. The influences of the seasons has not
been taken into account in this study.

CONCLUSION

This study is the first describing the prevalence
of dysphagia and dysarthria, using a standardized
assessment, in a large group of children with pNMD.
The overall pooled prevalence of dysphagia (47.2%)
and dysarthria (31.5%) is high in the population of
pNMD, and there are marked differences between dif-
ferent groups of diagnoses. So, physicians should be
aware of possible dysphagia and/or dysarthria prob-
lems and refer all children with pNMD in an early
stage to an SLT to minimize health risks. It can be
argued that periodic monitoring of dysphagia and
dysarthria should be a necessity from the start of the

diagnosis in the whole pNMD population. We recom-
mend to further explore the underlying mechanisms
of dysphagia and dysarthria in these populations.
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