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Abstract

Objectives: A set of orofacial signs and symptoms completely or partially present in
individuals who replace the correct pattern of nasal breathing with an oral or mixed
pattern is defined as mouth breathing syndrome (MBS). In a previous report, it was
clarified that an incompetent lip seal (ILS) affected the occurrence of MBS among
primary school children. However, the factors related to MBS and the effect of ILS in
preschool children remain unclear. The purpose of this study was to clarify the
factors relevant to MBS in preschool children and investigate the relationship of ILS
to MBS.

Material and Methods: We surveyed 285 preschool children between 3 and 5 years
of age. Their guardians completed the questionnaire, which consisted of 44
questions regarding the children's daily health conditions and lifestyle habits. To
classify the closely related questions into their respective factors and to examine the
strength of the correlation between the newly revealed factors, an exploratory
factor analysis with promax rotation was performed.

Results: The factor analysis identified nine items representing four factors. Factors
1-4 were defined as “diseases of the nose,” “ILS,” “problem with swallowing and
chewing,” and “eating and drinking habits,” respectively. Factor 2 most strongly
correlated with Factor 1, and both Factors showed a relatively strong correlation
with Factor 3.

Conclusions: The initial stage of MBS may be present in preschool children. ILS and
diseases of the nose can cause poor development of oral functions, such as
breathing and eating.
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1 | INTRODUCTION

Mouth breathing can cause malalignment of teeth, facial deformities,
oral and dental disorders, poor overall growth, and worsening of the
symptoms of other illnesses (Campanha et al., 2010; Choi et al., 2016;
Okuro et al, 2011). A set of signs and symptoms completely or
partially present in individuals who, for various reasons, replace the
correct pattern of nasal breathing with an oral or mixed pattern, is
defined as mouth breathing syndrome (MBS) (Conti et al., 2011). In
the past, we studied MBS and its related factors among primary
school children. We reported that an incompetent lip seal (ILS) was
representative of the physical appearance of mouth breathers and
that it affects diseases of the nose and throat, oral diseases, such as
caries and gingivitis, and oral functions, such as eating and drinking
(Saitoh et al., 2018).

A major cause of an ILS is mouth breathing due to nasal
obstruction or deformity (Kotecha, 2011; Sabashi et al., 2011). The
other causes include difficulty in closing the lips due to an imbalance
of the anterior teeth arch and maxillofacial morphology and
dysfunction of the perioral muscles (Jung et al, 2010; Mizuno
et al., 2014). In Japan, Nogami et al. conducted a national, large-scale
epidemiological study to reveal the prevalence of ILS in children.
They surveyed 3399 children between 3 and 12 years of age using a
guestionnaire regarding daily health conditions and lifestyle habits
and concluded that 30.7% of the participants exhibited an ILS and
that its prevalence increased with age. Further, they revealed that the
orofacial morphology, mouth breathing, and possibly, allergic rhinitis
were correlated with ILS (Nogami et al., 2021).

The position of the teeth and the dental arch form are stabilized
by the balance of forces applied by perioral tissues, such as the lips,
cheeks, and tongue to the teeth during rest or activities like eating,
chewing, and speaking (Hsu & Yamaguchi, 2012; Nagaiwa et al., 2016;
Nishiura et al., 2015; Sabashi et al., 2011; Weinstein et al., 1963). It
has long been advocated as the “equilibrium theory” by Brodie (1954)
and Moyers (1972). If this balance is lost, the dental arch form would
collapse due to the constant separation of the upper and lower lips
(Harari et al., 2010; Lofstrand-Tidestrom et al., 1999). To examine the
influence of an ILS on the form of facial soft tissues in preschool
children 3-5 years of age, we had previously measured the
differences in the three-dimensional facial images between children
with and without ILS (Inada et al., 2021). We observed that the
influence of an ILS on the facial form begins to appear even before
3 years of age, and children with ILS have anteriorly prominent
subnasales and lips and a flatter nose.

The above-described findings helped clarify that the prevalence
of ILS between 3 and 12 years of age is not low, ILS affects the
occurrence of MBS among primary school children, and the influence
of an ILS on the facial form becomes apparent in preschool children
(Inada et al., 2021; Nogami et al., 2021; Saitoh et al., 2018). However,
the effect of ILS and factors related to MBS in preschool children
have not yet been elucidated. The early improvement of mouth
breathing in children is expected to contribute to the maintenance/
enhancement of their health and quality of life. Therefore, clarifying
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the factors related to MBS in growing children can improve its
diagnosis and management.

The purpose of this study was to clarify the factors related to
MBS in preschool children and investigate the relationship of ILS
to MBS.

2 | MATERIALS AND METHODS

2.1 | Human subjects and questionnaire

We surveyed 285 preschool children (150 boys and 135 girls)
between 3 and 5 years of age. None of the participants had extensive
dental caries extending to the pulp or crown destruction, lip
dysfunction, malocclusion, or mandibular dysfunction. We asked
the legal guardians of the children to fill out a questionnaire. In this
study, we adopted the same questionnaire used by Nogami et al.
(2021) in a previous study on the prevalence of ILS during growth
periods throughout Japan. The questionnaire comprised 44 questions
regarding the child's daily health condition and lifestyle habits that
might be linked to MBS (Table 1). The responses were provided on a
two-point scale (yes or no). This study was approved by the
Epidemiological Ethics Committee of Kagoshima University Graduate
School of Medical and Dental Sciences (No. 378), and informed
consent was obtained from the subjects' parents or guardians before

their enrollment.

2.2 | Statistical analysis

When there is a large number of questions in a questionnaire,
answers to several questions may strongly correlate. Therefore,
multiple highly correlated questions were divided into groups so that
the common factors between them would become apparent. To (1)
classify the closely related questions into their respective factors
and (2) examine the strength of the correlations between the
newly revealed factors, we performed an exploratory factor analysis
(maximum-likelihood method and promax rotation).

The number of factors was determined based on the Kaiser-
Guttman rule (eigenvalue of 1 or more) and a scree plot. Statistical
analyses were performed using IBM SPSS Statistics for Windows
(version 20; SPSS Inc.), and statistical significance was set at p <.05.

3 | RESULTS

As a result of the exploratory factor analysis, 9 out of the 44
questions were selected as items related to MBS and classified into
four factors (Table 2). The Kaiser-Meyer-Olkin measure was 0.608
and Bartlett's test of sphericity yielded p <.001, showing the validity
of the factor analysis. The cumulative contribution ratio was 44.87%.

We defined Factor 1 as “disease of the nose,” based on the
question “Does your nose become stuffed easily (during the day,
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TABLE 1
Question item
Q1 Do you get tired easily?
Q2 Are you good riser?
Q3 Are you good at exercising?
Q4 Are you a restless sleeper?
Q5 Do you have round shoulders?
Q6 Does your nose become stuffed easily during the day?
Q7 Does your nose become stuffed easily while sleeping?
Q8 Do you sneeze often?
Q9 Do you often have a runny nose?
Q10 Do you often have a nosebleed?
Q11 Do you often have a sore throat?
Q12 Do you have swollen tonsils?
Q13 Do you often fail to listen?
Q14 Are you a habitual snorer?
Q15 Is your mouth often dry?
Q16 Do people tell you that you have bad breath in the morning?
Q17 Do people tell you that you have bad breath during day?
Q18 Is your mouth often open during the day?
Q19 Do you sleep with your mouth open?
Q20 Can you keep your mouth closed for about 1 min?
Q21 Do you have an over bite?
Q22 Do you have an under bite?

Abbreviation: MBS, mouth breathing syndrome.

TABLE 2 Pattern matrix of the factor analysis
Item no. Question item
(Q-6) Does your nose become stuffed easily during the day?
(Q-7) Does your nose become stuffed easily while sleeping?
(Q-18) Is your mouth often open during the day?
(Q-29) Are your lips droopy?
(Q-19) Do you sleep with your mouth open?
(Q-43) Do you keep your mouth closed when you eat?
(Q-42) Are you a noisy eater?
(Q-40) Are you a picky eater?
(Q-37) Do you prefer soft food?

while sleeping)?” Factor 2 was defined as “ILS” based on the factors
loading of “Is your mouth often open during the day?,” “Are your lips
droopy?,” and “Do you sleep with your mouth open?” Similarly, based
on the factor loading and content of the other questions, Factors 3
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Q23 Do you have an anterior open bite?
Q24 Can you talk clearly?

Q25 Are your lips often chapped?

Q26 Are your lips thick?

Q27 Is your upper lip turned upward?

Q28 Are your teeth visible between your upper and lower lips?
Q29 Are your lips droopy?

Q30 Are your lips often cracked?

Q31 Are your gums often swollen?

Q32 Are your gums easily stained?

Q33 Are your teeth easily stained?

Q34 Do you often have canker sores?

Q35 Do you have tartar build-up?

Q36 Do your meals consist of small servings?
Q37 Do you prefer soft food?

Q38 Do you drink water during meals?

Q39 Do you eat fast?

Q40 Are you a picky eater?

Q41 Do you chew food well?

Q42 Are you a noisy eater?

Q43 Do you keep your mouth closed when you eat?

Q44 Do you have food left in your mouth for a long time?

Factor 1 Factor 2 Factor 3 Factor 4
1.044 -0.147 -0.017 0.077
0.491 0.365 -0.006 -0.147
0.022 0.614 0.047 -0.006

-0.101 0.522 -0.196 0.052
0.019 0.470 0.177 0.114
0.042 0.049 -0.738 -0.001
0.013 0.001 0.605 -0.017

-0.027 0.014 -0.003 0.634
0.066 0.098 -0.015 0.474

and 4 were defined as “problems with swallowing and chewing” and
“eating and drinking habits,” respectively.
Table 3 shows the factor correlation matrix. Factor 2 was most

strongly correlated with Factor 1. Factor 3 showed a relatively strong
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TABLE 3 Factor correlation matrix
Factor 3 Factor 4
Factor 1 Factor 2 Problems with  Eating and
Disease Incompetent  swallowing drinking
of nose lip seal and chewing habits
Factor1 1 0.320 0.235 -0.047
Factor 2 1 0.237 0.189
Factor 3 1 0.151
Factor 4 1

correlation with Factors 1 and 2. And Factor 4 showed moderate

correlations with the other factors.

4 | DISCUSSION

In our previous research, we asked the legal guardians of primary
school children to fill out a questionnaire, and a factor analysis was
performed to classify closely related questions into their respective
factors (Saitoh et al., 2018). As a result, 26 of the 44 questions which
might be linked to MBS were selected, and they were classified into
seven factors as follows: ILS, diseases of the nose and throat, eating
and drinking habits, bad breath, the problem with swallowing and
chewing, condition of teeth and gums, and dry lips (Saitoh et al., 2018).
In contrast, there was less extraction of the MBS-related factors with
only nine items for preschool children in this study, and the nine
items were classified into four factors as follows: diseases of the
nose, ILS, problems with swallowing and chewing, and eating and
drinking habits. While the questionnaire for this study was based on
a two-point scale (yes or no), the questionnaire for the previous
research was based on a four-point scale (yes, maybe yes, maybe no,
or no). Therefore, it is not possible to simply compare the results of
both.
and chewing, and eating and drinking habits were the common

However, ILS, diseases of the nose, problems with swallowing

extracted factors for MBS in both studies. The results suggest that
the initial stages of multiple diseases were present among preschool
children. These diseases and problems might aggravate as the child
grows.

ILS had a high correlation with problems in swallowing and
chewing and eating and drinking habits and the highest correlation
with diseases of the nose. Sabashi et al. (2011) investigated the
relationship between nasal obstruction and lip-closing force in adults
and reported that the lip-closing force in the nasal obstruction group
was significantly less than for the normal group, and nasal airway
resistance and lip-closing force showed a negative correlation in the
nasal obstruction group. Pacheco et al. (2015) investigated the
association between mouth breathing and upper airway narrowing in
childhood and reported that 32.5% of mouth breathers had severe
hypertrophy of the palatine tonsils, 53.9% had atretic palate, and

35.9% had lip incompetence. Human infants are considered to be
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nasal breathers, and they can breathe through the mouth according
to their developmental stage of eating and articulation function
(Harding et al., 1995; van Someren & Stothers, 1983). The upper
airway resistance due to nasal obstruction causes the transition to
vicarious mouth breathing (Fitzpatrick et al., 2003; Trabalon &
Schaal, 2012). It was thought that early diagnosis and treatment of
the diseases of the nose is important for the achievement and
maintenance of normal lip closing function, because of the strong
correlation between ILS and diseases of the nose at 3-5 years of age.

Further, ILS and diseases of the nose were related to problems
with swallowing and chewing. The inferior orbicularis oris muscle
shows increased activity with jaw opening and consistent reciprocal
cyclic activity with the posterior temporalis muscle in terms of
temporal associations (Takada et al., 2018). Tomiyama et al. (2004)
recorded the electromyographic (EMG) activity of the lower lip
muscles and masseter during chewing and compared the differences
between individuals with competent and incompetent lips. Subjects
with incompetent lips showed higher EMG activities at rest and when
the lips were in contact during chewing, compared to those with
competent lips. Additionally, the duration of nonactive and total
phases of the masseter when chewing with lip contact was shorter in
the incompetent lip group than in the competent lip group. Their
research suggested that ILS is a lip dysfunction and could affect
masticatory function (Tomiyama et al., 2004). Macedo and Bianchini
(2014) reported that the patients with orofacial myofunctional
disorders showed mandibular movements with deviations and joint
noises, amplitude reduction in lateral and protrusive movement,
unilateral chewing, and excessive contraction of the orbicularis oris
muscle during swallowing.

Meanwhile, lkenaga et al. (2013) reported that mouth breathing
induced by nasal obstruction decreased chewing activity and reduced
the vertical effect on the posterior teeth. Lemos et al. (2009)
concluded that the patients with nasal obstruction with rhinitis could
not chew bilaterally with the lips closed or swallow water with the
lips closed, tongue positioned on the palatine papilla, and without the
inclusion of the periorbicular muscles. The orbicularis oris muscle and
nasal breathing played an important role in chewing and swallowing
and had an influence on not only the form but also the function of the
maxillofacial region.

We concluded that the initial stages of MBS may be present
among preschool children, and MBS could become chronic with
growth. ILS and diseases of the nose cause poor development of oral
functions, including mouth breathing and difficulty in chewing and
swallowing. Thus, early intervention for ILS and diseases of the nose,
in collaboration with a pediatrician, otolaryngologist, and dentist,
might improve the patients' facial form and oral function. Not only
ILS, but also malocclusion and sleep-related breathing disorders
develop gradually starting at an early age (Di Carlo et al., 2020; Luzzi
et al, 2017). Early first dental visits are important for the early
detection of these diseases (Calcagnile et al., 2019). Pediatric dentists
have a vital role in disseminating information about the oral health of

children to their parents and in earlier diagnosis of these disorders.
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5 | CONCLUSION

To clarify factors relevant to MBS in preschool children and to
investigate the relationship of ILS to MBS, we divided the closely
related questions about daily health conditions and lifestyle habits
into groups. The results regarding the correlations between the newly

revealed factors support the following conclusions:

1. The questions were classified into four categories. Factors 1-4
were defined as “diseases of the nose,” “ILS,” “problems with
swallowing and chewing,” and “eating and drinking habits,”
respectively.

2. Factor 2, ILS, was most strongly correlated with Factor 1, diseases
of the nose.

3. Factor 3, problems with swallowing and chewing, showed a
relatively strong correlation with Factors 1 and 2.

4. Therefore, the initial stage of MBS may be present in preschool
children, which may be related to the above-described four

factors, especially ILS.

Our findings could contribute to the early diagnosis and
management of MBS for children and improve their long-term
quality of life.
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