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ABSTRACT

Objective: The aim of our study was to put forth the existing problems about oral structure/function and swallowing function in patients with 
different pediatric neuromuscular diseases.

Methods: Forty-five pediatric patients with NMD’s aged 10.22±3.32 years were included in the study. Oral intake levels of patients were 
determined with Functional Oral Intake Scale. Oral structural and functional examination, assessment of complaints related to swallowing 
problems, and three-ounce water swallow test were performed to all patients.

Results: In oral assessment, structural problems were determined at varying rates between 13.3% and 46.6%, problems related to oral functions 
between %4.4 and 26.6%, and complaints related to swallowing problems between 11.1% to 33.3%. Five patients (%11) failed the three-ounce 
water swallow test.

Conclusion: The findings related to oral structure/function and swallowing function indicate a risk of swallowing dysfunction with different 
symptoms and problems in neuromuscular diseases. These symptoms may result in life-threatening complications added to their current 
neuromuscular problems.
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1. INTRODUCTION

Swallowing function consists of a series of sequential 
movements which provide food passage from oral cavity to 
stomach. Swallowing problems may occur in any part of oral, 
pharyngeal and esophageal phases. Swallowing problems 
which occur in oral phase are related to insufficient bolus 
control in mouth, inability to turn the food into bolus and, 
and transport the bolus from mouth to pharyngeal area. The 
most common problem in pharyngeal phase is inadequate 
airway protection during swallowing which may lead to life-
threatening problems such as aspiration, pneumonia, and 
airway obstruction. The problems encountered in esophageal 
phase are difficulty in transporting the bolus through the 
esophagus and gastroesophageal reflux (1).

Dysphagia symptoms were reported in 34.9%-80% of 
patients with pediatric neuromuscular diseases (NMDs) (2-
4). In addition, incidence of aspiration pneumonia increases 
up to 75% in this group (5,6).

Piecemeal deglutition, residues in vallecula and pyriform 
sinuses after semi-solid food swallowing, difficulty in 
swallowing and mastication problems were seen in patients 

with spinal muscular atrophy (SMA) (7). Both oral (mastication 
problems) and pharyngeal phase problems (coughing during 
feeding, difficulty in swallowing, need to clear throat) were 
determined in patients with Duchenne muscular dystrophy 
(DMD) (8,9).

Published studies about swallowing problems in pediatric 
neuromuscular diseases were found to be performed on 
subgroups of NMDs. However no consensus on oro-motor 
and swallowing problems exists in pediatric NMDs (10-12). 
Thus the aim of our study was to put forth the descriptive 
characteristics of oral and swallowing problems in a group of 
pediatric NMD patients with different diagnosis.

2. METHODS

2.1. Participants

This study was approved by the Non-Invasive Clinical Research 
Ethics Committee of Hacettepe University (No: GO 16/125-
28). Written consent forms were signed by all patients and 
caregivers included in the study.
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Forty-five patients who were diagnosed with one of the 
neuromuscular disorder by a neurologist were included in 
the study. Inclusion criteria were as follows: (i) age between 
5-18 years, (ii) no additional disease/oral appliance/medicine 
which may effect oral structures and swallowing functions, 
(iii) adequate cognitive level to understand and follow 
instructions for assessments, (iii) full oral intake without 
restriction.

2.2. Measures

Demographic data including age (years), weight (kg), height 
(cm), and diagnosis were recorded. Oral intake levels of 
patients were determined with Functional Oral Intake Scale 
(FOIS) which has adequate reliability, validity, and sensitivity 
to changes in functional oral intake. FOIS is a scoring system 
ranging from 1 to 7 for oral intake level of patients (1= nothing 
by mouth; 7= total oral diet with no restrictions) (13). The 
following assessments were performed to the patients who 
scored 7 points from the FOIS;

2.2.1. Oral structural examination

Oral structural examination was performed with a tongue 
depressor and an illuminator. Structural characteristics of 
lip, tongue, jaw, and palate and oral hygiene were assessed 
during this examination.

The existence of asymmetrical nasolabial folds and/or any 
disintegrity around labial region at rest were considered as an 
impairment in lip structure. Abnormally large (macroglossia) 
or small (microglossia) tongue, short frenulum and 
disintegrity in tongue were considered as an impairment in 
tongue structure (14). In the assessment of jaw structure, 
the alignment of teeth on mandible and maxillary bone with 
each other was evaluated in anterior and lateral aspects. In 
anterior aspect, first incisor teeth on maxilla must cover 1/2 
portion of first incisor teeth on mandible. The increased rate 
for this covering was considered closed bite, while decreased 
rate was considered open bite. In lateral aspect, the first 
molar teeth on mandible must be placed a little bit anterior 
to the first molar teeth on maxilla for normal alignment. 
The patient was determined to have a protruded jaw if the 
position of first molar teeth on maxilla was placed highly 
anterior to the first molar teeth on mandible, while he/
she was determined to have a retruded jaw when the first 
molar teeth on maxilla was placed posterior to the first molar 
teeth on mandible. These problems were considered as 
malocclusion (15). In palatal structure evaluation, unusually 
high and narrow palate is defined as high arched palate by 
observation and palpation.

2.2.2. Assessment of oral functions

The movements intended to be tested were initially 
performed by the swallowing therapist, then patients were 
asked to follow these commands.

The commands for the evaluation of tongue functions were 
to round lips, draw corners back, close lips, puff cheeks and 

bite lower lip while tip up, tip down, tip right, tip left and tip 
drawn back along hard palate for lip functions (14). Patients 
who succeeded these comments were considered to have 
‘no problem’, and those who failed were considered to have 
‘problem’.

In the supine position the patient was also asked to open 
their mouths at a maximum level and the distance between 
the upper and lower teeth incisor teeth was measured with 
a caliper. Thus, a distance between the upper and lower 
incisors below 35 mm was considered as restricted opening 
of mouth (16).

In addition, the presence of packing food in mouth, leaking 
food from mouth during feeding, fatigue in the muscles of 
mastication, fasciculations in tongue, and uncontrolled saliva 
were asked to patients and/or their caregivers. The answers 
were recorded as yes or no.

2.2.3. Assessment of complaints related to swallowing 
problems

Presence of coughing, difficulty in swallowing, food getting 
stuck in throat during feeding, and change in voice quality 
after meals were assessed by asking to patients and/or 
caregivers. The frequency of recurrent pulmonary infections 
in the previous year, persistent wheezing and secretion were 
also asked.

2.2.4. Three-ounce water swallow test

The three-ounce water swallow test is a widely used method 
of screening individuals who are at risk for oropharyngeal 
dysphagia and aspiration. Criteria for referral for further 
assessment of swallowing include inability to complete 
the task, coughing, choking, or a wet-hoarse vocal quality 
exhibited either during or within 1 minute of test completion. 
A swallowing therapist administered the three-ounce water 
swallow test while the child was placed in a sitting position 
on a chair with the head upright and midline position and 
the arms and legs supported. Each patient was given three 
ounces of water and asked to drink from a cup or straw 
without interruption, and results were noted (17). Three-
ounce water swallow test can be used in children between 
the ages of 2-18 (18).

All evaluations were performed by the same therapist.

2.3. Data Analysis

Statistical analysis was performed by using IBM-SPSS for 
Windows version 20. Descriptive statistics were presented as 
number/percent (n/%) for qualitative data and mean (X) and 
standard deviation (SD) for quantitative variables.

3. RESULTS

The demographic characteristics of the 45 patients included 
in the study were as given in Table 1. All patients were in FOIS 
level 7 which means total oral diet with no restrictions (n=45, 
100%).
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Table 1. Demographic Characteristics of the Patients.

Demographic characteristics X±SD
Age (years) 10.22±3.32
Height (cm) 125.42±16.48
Weight(kg) 29.83±12.42

X: Mean, SD: Standard Deviation

The diagnostic distribution of the patients was as shown in 
Table 2.

Table 2. Diagnosis of the Patients.

Diagnosis n %
Duchenne muscular dystrophy 25 55.6
Becker muscular dystrophy 1 2.2
Spinal muscular atrophy type 2 8 17.8
Spinal muscular atrophy type 3 2 4.4
Congenital muscular dystrophy 5 11.1
Guillain Barre syndrome 1 2.2
Mitochondrial myopathy 2 4.4
Dermatomyositis 1 2.2
Total 45 100

3.1. Results Related to Oral Structural Examination

No structural abnormality in lips was detected. None of the 
patients were determined to have foul breath, infection, or 
tooth decay related to bad oral hygiene. The frequencies of 
encountered problems in oral structures were as given in 
Table 3.

Table 3. Oral Structural Abnormalities and Their Frequencies.

Oral Structural Abnormalities n %
Macroglossia (tongue) 6 13.3
Malocclusion (jaw) 21 46.6
High arched palate 6 13.3

3.2. Results Related to Assessment of Oral Functions

All of the patients had normal lip and tongue functions. 
Packing food in mouth, leaking food from mouth during 
feeding, and uncontrolled saliva were not seen in oral function 
assessment. The existing abnormalities in the assessment of 
oral functions were as given in Table 4.

Table 4. Impairments in Oral Functions.

Oral Functions n %
Restricted opening of mouth 2 4.4
Fatigue during mastication 12 26.6
Fasciculations in tongue 4 8.8

3.3. Results of the Assessment of Swallowing Problems

Complaints related to swallowing problems were as given in 
Table 5.

Table 5. Swallowing Problems in the Study Population.

Complaints related to swallowing problems n %
Coughing during feeding 9 20
Difficulty in swallowing 9 20
Food getting stuck in throat during feeding 8 17.7
Change in voice quality after feeding 5 11.1
Recurrent pulmonary infections 5 11.1
Persistent wheezing and secretion 15 33.3

3.4. Results of the Three-Ounce Water Swallow Test

Five (11.1%) of the patients (2 SMA type 2, 2 CMD, and 1 
mitochondrial myopathy) failed the three-ounce water 
swallow test (Table 6).

Table 6. Three-Ounce Water Swallowing Test.

Diagnosis n %
Duchenne muscular dystrophy - -
Becker muscular dystrophy - -
Spinal muscular atrophy type 2 2 4.4
Spinal muscular atrophy type 3 - -
Congenital muscular dystrophy 2 4.4
Guillain Barre syndrome - -
Mitochondrial myopathy 1 2.2
Dermatomyositis - -
Total 5 11.1

3.5. The Most Frequent Problems Seen in NMD Subgroups

Malocclusion (n=16, 64.0%) was found to be the most frequent 
problem in DMD, while recurrent pulmonary infection and 
persistent wheezing and secretion (n=5, 62.5%) was the 
most common one in SMA type 2. Besides, the patients 
(n=2) who had restriction in opening of the mouth and the 
majority (n=3, 75.0%) of patients who had fasciculation in 
tongue were diagnosed as SMA type 2. Persistent wheezing 
and secretion, coughing during feeding, and change in voice 
quality after feeding were encountered frequently in CMD (3 
of the 5 patients, 60.0%).

4. DISCUSSION

The oral and swallowing characteristics of a group of pediatric 
patients with different NMD diagnosis were assessed in 
this study. The intraoral structural impairments in NMDs 
were macroglossia, malocclusion and high arched palate. 
Restricted opening of mouth, fatigue during mastication 
and fasciculations in tongue were found as oral functioning 
problems. The complaints of patients related to pharyngeal 
swallowing problems were persistent wheezing and 
secretion, coughing during feeding, difficulty in swallowing, 
food getting stuck in throat, change in voice quality after 
feeding and recurrent pulmonary infection. Also five of the 
patients failed the three-ounce water swallow test.

Intact oral structures play a crucial role in oral preparation 
phase in NMDs. Occlusal impairments may lead to problems 
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in oral preparatory phase of swallowing function especially 
in chewing process. Occlusal problems such as open 
bite may cause problems like leaking food from mouth 
during feeding and uncontrolled saliva. However, the most 
important handicap of occlusal impairments is the failure 
in mechanical breakdown of food for forming appropriate 
bolus ready to swallow. If foods could not have been 
converted into a bolus ready for swallowing, appropriate 
pharyngeal triggering would not occur. As a result of this, 
all phases of the swallowing would be affected (19). In our 
study, malocclusion was reported to be the most common 
oral structural impairment especially in DMD which may lead 
insufficient chewing function, and a limited number of study 
reported this problem as one of the predisposing factors for 
this insufficiency (20).

The tongue should be capable of manipulating the foods 
sufficiently to convert into bolus. When the tongue becomes 
extremely hypertrophic (macroglossia) as seen in our study 
population, it covers a lot of space in the mouth. Hence, 
this problem does not allow enough mobility of tongue in 
the mouth. It is emphasized that macroglossia which can be 
seen in pediatric NMDs may lead to swallowing problems (4). 
In a videofluroscopic study with 102 DMD patients, reduced 
tongue mobilization due to macroglossia was reported to 
lead inefficient bolus transport to the pharyngeal region (21). 
Tongue fasciculation which is an another impairment seen in 
our SMA type 2 patients was identified as a common problem 
in diseases with bulbar weakness previously (22). Basically, 
fasciculation indicates weak tongue muscles. Thus, loss of 
muscular strength of the tongue affects swallowing function 
negatively, rather than fasciculations. Weakened tongue 
leads to inefficient bolus formation and bolus transporting 
from base of the tongue to pharyngeal region (23).

High arched palate was commonly reported to be seen 
in patients with cerebral palsy, and partially in pediatric 
neuromuscular diseases (24). High arched palate was found 
to be a problem in our study similar to previous studies. 
This finding is important for it may cause a disadvantage in 
transportation viscous and solid foods to the pharynx due 
to the excessive space between the tongue and the palate 
(25). This may be the reason of why we had patients with 
problems with difficulty in swallowing in our study.

Restriction in the opening of the mouth occurs based on 
different problems such as stiffness in masticator muscles, 
temporomandibular joint problems, weakness in masticator 
muscles etc. In our study, restriction in the opening of 
the mouth in our SMA type 2 patients was thought to be 
originated from weak masticator muscles. This problem may 
affect oro-motor functions such as chewing, speaking, and 
swallowing.

Fatigue during mastication seen in our patients may be 
associated with the loss of strength and endurance of the 
masticator muscles. In patients who have fatigue during 
mastication may have a tendency to swallow bolus without 
adequate chewing. As a result, insufficiently fragmented 
and softened foods may cause difficulty in swallowing and 

residue on vallecula, pharyngeal wall, and pyriform sinuses 
in pharyngeal phase of the swallowing, and also extended 
feeding time.

The findings such as coughing during feeding, change in 
voice quality after feeding, difficulty in swallowing, food 
getting stuck in throat, persistent wheezing and secretion, 
and recurrent pulmonary infections were thought to be the 
signs of pharyngeal swallowing disorders in our pediatric 
patients with NMDs. Coughing during feeding and change 
in voice quality after feeding indicate food penetration into 
the vocal cords which are impairments of airway protection 
mechanism (26). Problems related to the protection of 
the airway may be seen in a certain extent in patients 
with pediatric neuromuscular diseases (23). Difficulty in 
swallowing depends on inadequate tongue base pressure 
and deficiency in pharyngeal constructor muscle strength 
(27). Likewise, food getting stuck in throat is related to 
insufficient squeezing function in the pharyngeal phase of 
the swallowing (28). Difficulty in swallowing as well as food 
getting stuck in throat may lead to residue on pharyngeal wall, 
vallecula and pyriform sinuses. After swallowing remaining 
residue in these structures constitute a serious risk factor 
for aspiration. Moreover, these problems may cause a more 
dramatic result such as airway obstruction. In recent studies, 
problems due to insufficient pharyngeal muscle strength 
have been reported especially in SMA type 2 patients (8,29). 
The risk of aspiration mentioned above may be the cause of 
persistent wheezing and secretion, and recurrent pulmonary 
infections except for problems such as immobilization and 
weak cough force in NMDs.

Three-ounce water swallow test is an important indicator 
for detecting insufficient airway protection mechanism 
supporting our previous findings related to complaints of 
swallowing disorder. This clinical swallowing evaluation 
of our patient population showed that the percentage of 
pharyngeal swallowing disorders was 11.1%. However, 
approximately 40% of food aspirations are silent (without 
coughing). Therefore, the consideration to have adequate 
airway protection mechanism in patients who successfully 
performed this test may be misleading. The rate as 11.1% 
is also an important rate for this problem may result in life-
threatening conditions.

Our limitations are, not using an advanced assessment 
method such as videofluoroscopy to detect aspiration 
symptoms and no following period of time. Studies with 
larger sample size are needed in the future.

5. CONCLUSION

As a conclusion, a large variety of problems related to 
oral structure, function, and swallowing were observed in 
pediatric NMDs. The severity of these problems had also 
a wide spectrum. These patients may present with more 
destructive manifestations when swallowing problems are 
added to their current neuromuscular problems. Therefore, 
swallowing problems should not be ignored in these patients 
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due to their life-threatening results. Information obtained for 
the possible swallowing disorders in patients with NMDs with 
the use of cheap and easily performed evaluation methods 
play a key role in terms of consulting to advanced tests such 
as Videofluoroscopy, Fiberoptic Endoscopic Evaluation of 
Swallowing (FEES) and appropriate treatment options.
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