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Objectives: Mouth breathing causes many serious problems in the paediatric population. It
has been maintained that enlarged adenoids are principally responsible for mouth breathing.
This study was designed to evaluate whether other mechanical obstacles might predispose the
child to mouth breathing.
Methods: 67 children with ages ranging from 10 to 15 years were studied and grouped into
mouth-breathers and nose-breathers. The children first underwent axial CT scans of the brain
for which they were originally referred. In addition, they were subjected to a limited coronal
CT examination of the paranasal sinuses. Congenital anatomical variations as well as
inflammatory changes were assessed.
Results: 87% of mouth-breathing children had hypertrophied adenoids, 77% had maxillary
sinusitis, 74% had pneumatized middle concha, 55% had a deviated nasal septum, 55% had
hypertrophied inferior conchae, 45% had ethmoidal sinusitis and 23% showed frontal
sinusitis. Such changes were significantly less prevalent in nose-breathers. 12.9% of mouth-
breathing children did not have adenoids. Of these children, only 3.3% had one or more
congenital or inflammatory change whereas the other 9.6% showed a completely normal CT
scan signifying the incidence of habitual non-obstructive mouth breathing.
Conclusions: It is clear that adenoids have a dominant role in causing mouth breathing. Yet,
we recommend that paediatricians should assess other mechanical obstacles if mouth
breathing was not corrected after adenoidectomy. Further research should be performed to
test the validity of correction of such factors in improving the quality of life of mouth-
breathing children.
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Introduction

Nasal breathing is the primary mode of air intake for
humans, and it is essential for a supply of properly
cleansed, moistened and warmed air for the lungs. If the
primary airway is blocked, mouth breathing becomes
obligatory to get air into the lungs.1 Chronic mouth
breathing in children leads to pathological adaptations
in the postural and morphological characteristics of the
stomato-gnathic system.2 Such unfavourable develop-
mental changes predispose the child to many problems,

including obstructive sleep apnoea, which is now a
growing public concern.3,4

It has been maintained that enlarged adenoids are
principally responsible for obstructive mouth breath-
ing.5,6 Yet, some children continue to breathe through
their mouth even after surgical removal of their
adenoids.7 This could be due to habitual mouth breath-
ing and laziness in using the nose despite having an
adequate nasal airway, as previously described by
Fairchild.8 Alternatively, mechanical obstacles other
than adenoids might be present, preventing the child
from nasal breathing.

Mechanical obstacles that may contribute to the
blockage of the nasal passage and cause the child to
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shift to mouth breathing include anatomical variations
that occur in the nasal cavity and the paranasal region
during development, such as Haller cells, agger nasi cells,
paradoxical middle turbinate and concha bullosa; as well
as inflammatory sinonasal changes, such as recurrent
chronic sinusitis and hypertrophy of the inferior nasal
concha9,10. A limited coronal CT scan of the sinuses
permits observation of the anatomical disorders11 as well
as inflammatory sinonasal disease.12,13 Spiral CT is a fast
scanning method, so it is best suited to examine children
who cannot stay motionless for a long time. It also
decreases motion artefacts.14

Some studies investigating whether the anatomical
variations of the lateral wall of the nose predispose
children to chronic sinusitis have been reported.9–11 They
mostly found little contribution of the anatomical
variations to sinusitis. To the authors’ knowledge, the
association between the anatomical variations of the
nose and mouth breathing have not been previously
explored. The ability to recognize the relationship
between these variables and mouth breathing in children
will help in identifying the nasopharyngeal obstruction
that leads to mouth breathing and correcting it.

The aim of this study was to analyse by CT the
anatomical and inflammatory changes associated with
mouth breathing in 10- to 15-year-old children, with the
ultimate goal of treating or removing the abnormalities
predisposing the child to mouth breathing, thus giving
the child the extensive benefits of early correction of
mouth breathing. An additional aim was to determine
the relative incidence of obstructive mouth breathing
compared with habitual mouth breathing.

Materials and methods

Selection of patients
A prospective study of children undergoing brain CT
for indications other than sinusitis was performed.
Limited coronal CT examination of the paranasal
sinuses was additionally carried out for these children.
The study was approved by Ain-Shams ethics commit-
tee. The parents were fully informed of the nature of the
study and signed a written consent form. Baseline
information that included the patient’s name, date of
birth and detailed medical and dental history, was
recorded for each child.

The study population consisted of 67 children (35
girls and 32 boys) aged 10 to 15 years who were referred
to El-Abd Scan Center for CT of the brain between
April 2006 and March 2008. Patients were excluded if
the child had had recent surgery, previous sinus
surgery, craniofacial anomalies, facial trauma, naso-
gastric tubes or facial neoplasms.

Children with a history of systemic disorder,
syndromes, acute otitis or tonsillitis, nasal stenosis,
choanal atresia, immunodeficiency or cystic fibrosis or
those who were taking regular medications were
excluded from the study. Children who gave mixed

signs and symptoms of their predominant mode of
breathing, as well as patients who showed poor co-
operation and those whose parents did not approve of
the extra CT examination of the paranasal sinuses, were
disqualified from entering this study.

Assessment of mode of breathing
History-taking and clinical examination were per-
formed for the children who met the inclusion criteria.

Patient history: The parents of the children answered a
questionnaire regarding the child’s behaviour while awake
(oral respiration, nasal obstruction, oral malodour or
hyponasal speech) and during sleep (snoring, frank
apnoeas, restless sleep or hypersalivation). Most of the
questions were yes or no items. The questionnaire was
conducted in a uniform manner by the same examiner to
ensure consistency and quality of findings.

Clinical examination: All the patients were then
clinically examined by the same examiner. The
following clinical tests were performed to aid in the
diagnosis of the mode of breathing. The tests were
conducted with the patient in a reclined position.

(1) Data on lip posture were obtained by viewing the
patient’s profile. Presence or absence of lip separation
was evaluated while the child was distracted.
According to the position of their lips at rest, children
were divided into two groups: those who had
competent lip closure and those with lip separation.

(2) The degree of maxillary incisor coverage by the
upper lip at rest was classified as total coverage,
partial coverage or maxillary labial gingiva exposed.
Photographs were taken to aid in evaluation.

(3) Nose breathing capability of the child was tested by
gently closing the lips together with light pressure of
thumb and middle finger for 2–5 min. The child was
not informed of the purpose of that act. If the patient
stopped breathing, became cyanotic or made attempts
to open his or her mouth to breathe, this indicated
mouth breathing and the testing was discontinued.

According to the data acquired from the patient’s
history and clinical examination, children were divided
into two groups:

(1) Group A (mouth-breathers): children who demon-
strated predominant mouth breathing, diagnosed
during clinical examination and confirmed by the
parents as being the predominant mode of breathing.

(2) Group B (nose-breathers): paediatric control group
who demonstrated predominant nose breathing,
diagnosed during clinical examination and supported
by the parents as being the predominant mode of
breathing.

CT examination

Axial CT scan of the brain: Patient registration
information was entered via the diagnostic main
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console of a spiral CT scanner (Toshiba X/Vision,
Toshiba Medical System, Tustin, CA). The children
first completed helical axial CT scans of the brain for
which they were originally referred. The patients were
supine on the CT couch. The scan parameters were
120 kV, 300 mAs, 2 s. The sections were processed to
obtain both soft-tissue and bone window images.

Limited coronal CT scan of the paranasal sinuses: The
children were then submitted to a limited coronal CT
scan of the paranasal sinuses. They were asked to lie
prone with their neck extended on the CT couch.
Lateral scout views (scanned projection radiographs
used for localization) were acquired. Lines perpen-
dicular to the hard palate were defined on the scout
view, starting from the posterior margin of the
sphenoid sinus to the anterior margin of the frontal
sinus.

Helical scanning was carried out to obtain 4 mm slice
thickness with 3 mm bed increments. This reduced
exposure protocol provided five or six coronal slices.
The gantry angulation varied depending on cranial
hyperextension. The exposure parameters were 120 kV
and 200 mAs, and the scanning time was 1.5 s at a
5126512 matrix. Bone window images were obtained
and zoomed to fill the screen.

Assessment of CT scans
The CT scans of children were analysed by an
experienced radiologist blinded to the clinical data.
Both the dedicated coronal slices and the earlier
acquired brain axial cuts were evaluated for anatomical
variations and inflammatory changes. CT abnormal-
ities were judged as present or absent, regardless of
their unilateral or bilateral location.

Anatomical variations: The following congenital
anatomical variations were assessed: pneumatized middle
concha, deviated nasal septum, Haller cells, agger nasi cells,
Onodi cells, pneumatized superior concha, paradoxical
middle concha, large ethmoidal bulla pneumatized nasal
septum, and pneumatized uncinate process.

Inflammatory changes: The presence of sinusitis (.2 mm
mucous membrane thickening on any sinus wall,
opacification, air–fluid levels) was assessed on the
maxillary, ethmoidal, frontal and sphenoidal sinuses.
The ethmoidal air cells were assessed as a whole without
dividing them into anterior, middle and posterior
ethmoidal sinuses. Thickened inferior nasal turbinates
were also observed. Moreover, hypertrophied adenoids
were assessed from the scanogram.

Statistical analysis
Statistical analysis was performed using SPSS 15.0 for
windows (SPSS Inc., Chicago, IL). Qualitative data
were presented as frequencies, and percentages and the
x2 test was used to compare the groups. Quantitative
data are presented as mean and standard deviation
(SD) values, and Student’s t-test was used to compare

the means of the two groups. The significance level was
set at P # 0.05.

Results

The demographic data of the 105 children screened for
this study are shown in Figure 1. Regarding the age of
the two groups, the mean age of Group A was
12.62 ¡ 2.96 years, compared with 13.15 ¡ 2.43 years
for Group B. No significant difference was found
between the two groups regarding the age of children
(P . 0.05).

The prevalence of lip seal in the two groups was
assessed. None of the children in Group A (mouth-
breathers) showed competent lip seal, whereas 86.1% of
the children in Group B had competent lip seal
(Figure 2). The difference was highly significant
(P # 0.01).

Concerning maxillary incisor coverage, Group A
showed a higher percentage of cases with partial
coverage and maxillary labial gingiva exposure than
Group B. In contrast, Group B showed a higher
percentage of cases with total coverage. The differences
were highly significant (P # 0.01) (Figure 3).

The incidence of anatomical variations in the two
groups is presented in Table 1 and Figure 4. A
pneumatized middle concha was the most common
anatomical variation, followed by septal deviation,
Haller cells, agger nasi cells, Onodi cells, pneumatized
superior concha, paradoxical middle concha, large
ethmoidal bulla, pneumatized nasal septum and,
finally, pneumatized uncinate process.

There was no significant difference between mouth-
breathers and nose-breathers regarding the anatomical
variations except for pneumatized middle concha and
septal deviation, the incidences of which were signifi-
cantly higher in Group A than in Group B (P # 0.05).

The distribution of the inflammatory changes in the
two groups is listed in Table 1 and is presented
graphically in Figure 5. Maxillary sinusitis was the
most common sinus infection, followed by, in order of
decreasing incidence, ethmoidal, sphenoidal and frontal
sinusitis.

Mouth-breathers exhibited significantly higher pre-
velence of inflammatory changes than nose-breathers
(P # 0.01 for maxillary sinusitis, hypertrophied inferior
concha and hypertrophied adenoids; P # 0.05 for
ethmoidal and frontal sinusitis).

Discussion

Mouth breathing involves the intake of air via the oral
cavity. In children, mouth breathing was found to be
the second most common oral habit after tongue
thrust.15 When breathing through the mouth the
benefits of nasal breathing are bypassed. Thus, using
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mouth breathing on a regular basis can cause many
serious problems, mainly inadequate facial growth and
bone development. Intraorally, mouth breathing affects
occlusion and alignment of teeth. It also causes dryness
of the oral tissues, compromising gingival health and
leading to incisor caries and oral malodour.16 In
addition, mouth breathing causes pathological changes
in the nasopharyngeal and other respiratory tissues as
well as muscle alterations, which influence deglutition,
digestion and phonation.17

Mouth breathing is often associated with obstruction
or congestion of the upper respiratory tract.6 Therefore,
it was thought to be worthwhile to study the CT
findings in mouth-breathing children. A prospective
study was performed to test the role of the congenital

sinonasal anomalies, inflammatory sinus disease, swol-
len nasal turbinates and enlarged adenoids in inducing
nasal obstruction leading to mouth breathing.

31 mouth-breathing and 36 nose-breathing children
with ages ranging from 10- to 15-years were included in
this study. It would have been useful to study mouth
breathing in a younger age group because the rates of the
anatomic variations can change from birth to adoles-
cence;18 however, younger children could not be
expected to complete both CT scans without sedation.
Cotter et al13 reported that the incidence of anatomical
variations is higher in the first few years of life than in
late childhood, but the difference between the age groups
was not significant. Therefore, it is unlikely that the
inclusion of younger children would affect the results.

Figure 1 Study profile. Out of the 67 children who participated in this study, 31 were diagnosed as mouth-breathers and 36 as nose-breathers
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Mouth breathing was primarily diagnosed if the child
attempted to open his or her mouth to breathe while the
investigator gently closed his or her lips together.
Alternatively, Menezes et al19 established the breathing
pattern using steam and water time in the mouth tests.
The patient’s history was taken from the parents using
a questionnaire to aid the diagnosis. Children who gave
mixed signs and symptoms were excluded from the
study so that the CT findings could be directly
attributed to the mode of breathing.

CT was used in this study because many authors have
already found that CT accurately evaluates the soft
tissues and subtle changes in bones and air-filled
spaces.14 Conventional radiographs were not used
because of the superimposition of the craniofacial
skeleton on the area of interest and their limited
resolution, which prevents the visualization of delicate

structures such as the congenital anomalies found on
the lateral wall of the nose, as well as their unacceptable
rates of false-positive and false-negative results in
diagnosing childhood sinusitis.20

In addition to the brain CT (axial cuts) scan for
which the children were originally referred, limited
coronal CT scans of the paranasal sinuses that provided
five or six coronal slices were used, as performed by
McAlister et al.21 The reduced CT protocol allowed
adequate visualization of the detailed structures of the
nose, sinuses and pharynx while decreasing the
exposure dose to the child.

The axial brain CT data were not used to obtain
reconstructed coronal slices because routine brain CT
starts from the level of the infraorbitomeatal line, which
does not cover the maxillary sinus. In addition, for the
reconstructed images to be of high quality, a very low

Figure 2 Comparison of both groups as regards lip seal.
Incompetent lips were present in 100% of the children in Group A
compared with 13.9% of children in Group B. The difference was
highly significant (P # 0.01)

Figure 3 Comparison of both groups as regards maxillary incisor
coverage. A higher percentage of cases in Group B showed total
coverage of maxillary incisors. The differences were highly significant
(P # 0.01)

Table 1 The distribution of the anatomical variations and the inflammatory changes among the two groups

Group A (n531) Group B (n536)

P-valuen % n %

Anatomical variations Pneumatized middle concha (concha bullosa) 23 74.2 9 25.0 #0.05*
Septal deviation 17 54.8 4 12.6 #0.05*
Haller cell 5 16.1 7 19.4 .0.05
Agger nasi cell 5 16.1 6 16.6 .0.05
Onodi cell 3 9.6 4 11.2 .0.05
Pneumatized superior concha (concha bullosa) 2 6.4 3 8.4 .0.05
Paradoxical middle concha 1 3.2 2 5.6 .0.05
Large ethmoidal bulla 2 6.4 1 2.8 .0.05
Pneumatized nasal septum 2 6.4 0 0.0 .0.05
Pneumatized uncinate process 0 0.0 1 2.8 .0.05

Inflammatory changes Maxillary sinusitis 24 77.4 12 33.3 #0.01**
Ethmoidal sinusitis 14 45.1 6 16.7 #0.05*
Sphenoidal sinusitis 7 22.6 5 13.9 .0.05
Frontal sinusitis 7 22.6 1 2.8 #0.05*
Hypertrophied inferior conchae 17 54.8 6 16.7 #0.01**
Hypertrophied adenoids 27 87.1 11 30.5 #0.01**

Group A, mouth-breathers; Group B, control group (nose-breathers)
P . 0.05, not significant; *P # 0.05, significant; **P # 0.01, highly significant

CT of mouth-breathing children
MM Farid and N Metwalli 5

Dentomaxillofacial Radiology



pitch should be used, which meant extra radiation dose
to the child.

In this study, right and left anatomical and inflam-
matory changes were not evaluated separately.
Conversely, McAlister et al21 evaluated the CT changes
as right, left or bilateral. The division of the factors
evaluated into right and left would not be beneficial in
this study because mouth breathing is not two sided
whereas in McAlister et al’s study, they were mainly
correlating the anatomical variations with sinusitis.

None of the mouth-breathing children showed a
competent lip seal, and only 9.7% of them exhibited
total lip coverage of the maxillary incisors. The
decreased incidence of competent lips in mouth breath-
ers is attributed to the high nasal resistance; hence, the
open mouth posture allows for adequate air intake
through the mouth.

Lip-apart posture was not absent in nose-breathers.
13.9% of nose-breathers showed incompetent lips and
16.7% showed partial maxillary incisor coverage. Open
mouth posture in nose-breathers is probably due to a
decreased upper or lower facial height.22 Nose-breathers
who maintain a lip-apart posture usually obtain an
adaptive posterior oral seal with the tongue against the
soft palate.

Analysis of the overall incidence of the anatomical
variations in all the children studied, found that
pneumatized middle concha was the most commonly
found variation (47.8%), followed by septal deviation
(31.3%), Haller cells (17.9%), agger nasi cells (16.4%),
Onodi cells (10.4%), pneumatized superior concha
(7.5%), paradoxical middle concha (4.5%), large
ethmoidal bulla (4.5%), pneumatized nasal septum
(3%) and pneumatized uncinate process (1.5%).
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Figure 4 The distribution of the anatomical abnormalities among the two groups. Group A showed a significantly higher percentage of cases
with pneumatized middle concha and septal deviation than Group B. There was no significant difference between the two groups regarding the
other anatomical variations

Figure 5 The distribution of the inflammatory changes among the two groups. There was a highly significant difference between the two groups
regarding maxillary sinusitis, hypertrophied inferior conchae and hypertrophied adenoids as well as a significant difference regarding ethmoid
and frontal sinusitis
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Similarly, Sivasli et al23 evaluated 47 children with
coronal and axial CT and found that a pneumatized
middle concha was the most common anatomical
variation, followed by pneumatization of the superior
concha, Haller cells and agger nasi cells. Conversely,
Jun Kim et al24 found that agger nasi cells were the
most common variation. In addition, Eryilmaz et al25

found the most common anatomical variation in 44
children to be septal deviation, followed by concha
bullosa and agger nasi cells. The causes of these
differences are attributed to race, age and regional
differences.

A pneumatized middle concha (concha bullosa) can
be described as an air-filled swelling of the middle
turbinate (Figure 6). It is caused by pneumatization of
the middle turbinate by ethmoidal air cells. It was the
most commonly found anatomical variation and was
present in 47.8% of all the children in the study. The
results concerning concha bullosa in children are quite
diverse and range from 8% to 58%.25 The incidence of
pneumatized middle concha was significantly higher in
mouth-breathers (74.2%) than in nose-breathers (25%).
The possible explanation is that pneumatized middle
concha increases nasal resistance, causing the child to
change to mouth breathing.

Septal deviation was the second most common
anatomical variation. It was found in 31.34% of the
children (Figure 7). The frequency of septal deviation
in children has been variably reported to be 13%9 and
46%.26 Jun Kim et al24 found the incidence of septal
deviation in children with persistent symptoms of
sinusitis to be 44.3%. The prevalence of septal deviation
has been reported to increase with age due to secondary
growth and/or external trauma.24 Mouth-breathing

children showed a significantly higher incidence of
septal deviations than nose-breathers. This could be
because a deviated septum has a larger surface area
than a straight septum and thus may increase nasal
resistance.

Haller cells (infraorbital ethmoid) are ethmoidal cells
with an infraorbital extension (Figure 6). In the present
study, Haller cells were found in 17.9% of the children.
The frequency in children has been reported to be
between 5.3% and 18%.23 However, in Jun Kim et al’s
study24 their incidence rate was 34.5%. There was no
significant difference between mouth-breathers and
nose-breathers regarding the prevalence of Haller cells.

Agger nasi cells (supraorbital ethmoid) (Figure 8) are
far anterior ethmoidal air cells.27 They expand suffi-
ciently to encroach upon the medial aspect of the
frontal sinus floor, narrowing or obstructing the
nasofrontal duct; thus, they may cause frontal sinusitis.
16.4% of the children in the study had agger nasi cells.
The frequency has been reported to be as high as 98.5%
in adults,28 but only 15% in children.23 No significant
difference was found between mouth-breathers and
nose-breathers regarding the incidence of agger nasi
cells.

Onodi cells or sphenoethmoid cells are the extensive
lateral pneumatization of the posterior ethmoidal air
cells beyond the sphenoid sinus.23 They are located
posterior to all the posterior ethmoid cells crossing the
anterosuperior portion of the sphenoid sinus. It has
been reported that CT scans have limitations in
demonstrating Onodi cells because on CT they are
frequently misconceived as sphenoid sinuses,24 so the
actual frequency of Onodi cells can be ascertained only
through surgical dissection.29 Although the exact
prevalence of Onodi cells is unclear, they were

Figure 6 Coronal CT of a mouth-breathing child showing a
pneumatized right middle concha (white arrow) as well as left
Haller cells (black arrow) and bilateral hypertrophied inferior
turbinates more evident on the right side. The maxillary and frontal
sinuses are clear

Figure 7 Coronal CT of a mouth-breathing child showing a deviated
and pneumatized nasal septum (arrow) in addition to thickened
inferior turbinates
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discovered in 6% of children by Sivasli et al23 and in
9.8% of children by Jun Kim et al.24 Onodi cells were
found in 10.4% of children in this study. There was no
statistically significant difference between mouth-
breathers and nose-breathers regarding Onodi cells.

Pneumatization of the superior concha was found in
7.5% of the children in this study. However, Sivasli et al23

encountered this anatomical variation in almost one-
third of their paediatric patients. The superior turbinate
has been known to involute with age,30 so the increased
incidence of pneumatized superior concha in Sivasli et
al’s study might be attributed to the younger age of the
children scanned. Pneumatized superior concha is
unlikely to cause mouth breathing. This is in agreement
with the findings of this study. No significant difference
was found between the two groups regarding the rate of
pneumatized superior concha.

Paradoxical middle turbinate is a middle concha that
turns towards the lateral nasal wall, and its curved portion
is positioned adjacent to the nasal septum. As a result,
buckling of the mucus may occur, and paranasal sinusitis
can develop. Paradoxical middle concha was encountered
in 4.48% of the children. The previously reported
incidences of paradoxical middle concha range from
4.4% to 10%.23,31 Paradoxical middle turbinate might
compress the middle nasal meatus, blocking the ethmoid
infundibulum and causing mucosal hyperaemia and
inflammation. Yet, there was no significant difference in
this study between mouth-breathers and nose-breathers
regarding the incidence of paradoxical middle concha.

A large ethmoidal bulla (bullosa ethmoidalis) is an
inferiorly placed ethmoidal air cell (Figure 9). Large
ethmoidal bulla is a rare variation, and was found in
4% of the cases. There was no significant difference
between mouth-breathers and nose-breathers regarding
bullosa ethmoidalis.

Pneumatized nasal septum (Figure 7) was found in
3% of the children in this study. Midilli et al11 reported
its incidence to be 6%. There was no significant
difference between mouth-breathers and nose-breathers
regarding the relative incidence of pneumatized nasal
septum.

The uncinate process is regarded as the descending
portion of the first ethmoturbinal ridge.11 Uncinate
process pneumatization was the least frequent anato-
mical variation (1.49%). The previously reported
incidences of this variation in the paediatric population
ranged between 0% and 2.5%.10,28 There was no
significant difference between the two groups regarding
uncinate process pneumatization.

Maxillary sinusitis was the most common sinus
infection in the children (53.7%), followed by ethmoidal
(29.9%), sphenoidal (17.9%) and frontal sinusitis
(11.94%). This is in accordance with Sivasli et al23

and Jun Kim et al.24 However, Eryilmaz et al25 found
that the most commonly involved sinuses were anterior
ethmoid and maxillary sinuses followed by posterior
ethmoid, sphenoid and frontal sinuses.

Tantimongkolsuk et al32 found that, in 100 paediatric
patients clinically diagnosed with sinusitis, all paranasal
sinus radiographs were abnormal, with the maxillary
sinus being the most commonly involved sinus (99%)
followed by the ethmoid sinus (91%). The majority of
patients had involvement of more than one sinus.

The maxillary sinus is a pneumatic cavity which drains
into the nasal cavity by a narrow osteomeatal unit. For
the maxillary sinus, the mucociliary activity must drain
against gravity. The obstruction of the outflow causes
sinusitis.14 The overall incidence of maxillary sinusitis in
this study was 53.7% (Figure 10). In children, the
incidence of maxillary sinusitis has been reported to
range between 51% and 89%.24 The incidence of

Figure 8 Coronal CT of a mouth-breathing child showing an agger
nasi cell (beneath the arrow) with absence of frontal sinusitis. The left
maxillary sinusitis is noted

Figure 9 Coronal CT of a nose-breather showing bilateral bulla
ethmoidalis (arrows) with no evidence of maxillary or ethmoid
sinusitis
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maxillary sinusitis was significantly higher in mouth-
breathers (64.5%) than in nose-breathers (28%).

The overall incidence of ethmoid sinusitis in this study
was 29.9% (Figure 10). Jun Kim et al24 reported an
incidence of 91.1% for anterior ethmoid sinusitis and
68.1% for posterior ethmoid sinusitis. The excessively
high incidence rate in that study was because their
sample was 113 children with persistent sinusitis resistant
to medical therapy. In the present study, mouth-breath-
ers showed a significantly higher incidence of ethmoid
sinusitis (45.1%) than nose-breathers (16.7%).

Of the 67 patients examined, 12 sphenoid sinuses
were associated with soft tissues in the sinus. These soft
tissues may be extensions of infection from the ethmoid
air cells or solitary inflammatory changes. Associated
or isolated diseases of the sphenoid sinus can cause
severe complications such as optic nerve involvement.33

Sphenoid sinusitis in children is reported to range
between 13% and 37%.24 The overall incidence of
sphenoid sinusitis in this study was 17.9%. There was
no significant difference between the two study groups
regarding the incidence of sphenoid sinusitis.

The reported incidence of frontal sinusitis fluctuates
between 2% and 63%.24 Frontal sinusitis occurred in
11.9% of the children in this study. Frontal sinusitis was
significantly more widespread in mouth-breathers
(22.6%) than in nose-breathers (2.8%). This might be
because of the rarity of frontal sinusitis in nose-breathers.
Only one child in Group B had frontal sinusitis.

The overall incidence of sinusitis was generally higher
in mouth-breathers than in nose-breathers (Table 1). The
differences were statistically significant except for sphe-
noidal sinusitis. Three reasons for the high incidence of
sinusitis in mouth-breathers can be assigned. First,
inflammatory sinus disease offers a mechanical obstacle
against the airflow through the nasal passage. Second,
sinusitis is usually associated with blockage of the

osteomeatal unit, which poses a second barrier facing
the airflow. Third, the newly developed unified airway
concept34 explains that the respiratory system functions
as an integrated unit and that diffuse inflammation often
affects the mucosal surfaces of the nose, sinuses, middle
ear and tracheobroncheal tree simultaneously.

Inferior turbinate hypertrophy was found in 33% of
the children in this study. Similarly, Jun Kim et al24 found
the incidence of inferior turbinate hypertrophy to be
31%. It was found that inferior turbinate hypertrophy
was more prevalent in mouth-breathers than in nose-
breathers (P # 0.01) in the present study. This is
probably because hypertrophied nasal concha increase
the surface area of the nose, increasing the resistance to
nasal respiratory airflow and forcing the child to switch
to mouth breathing.

The incidence of adenoid hypertrophy in the present
study was 88.1% in mouth-breathers compared with
31% in nose-breathers. This difference was highly
significant (P # 0.01). The very high incidence of
hypertrophied adenoids emphasizes the leading role of
adenoids as a causative agent in mouth breathing. It is
not a surprise that Weider et al35 found that upper
airway relief, most commonly by performing only an
adenoidectomy, can lead to normalization of occlusion
in children who were obligate mouth-breathers.

The association between mouth-breathing and the
anatomical variables can be easily attributed to the
anatomical variables i.e. such anomalies, because they
were present from the start, caused mouth breathing and
not the other way round. This is not the case regarding
the inflammatory changes. It is difficult to tell whether
sinusitis, for example, predisposes the child to switch to
mouth breathing or whether mouth breathing introduces
cold, dry, unprepared air that insults the tissues through
which it passes, leading to inflammation. Most probably,
a mouth-breathing child enters a vicious cycle, causing
more sinusitis, which in turn leads to more obstruction
and increased mouth breathing, and so on. Thus, the
significant inflammatory changes seen in the scans of
mouth-breathing children might be the outcome of
mouth breathing and not their cause.

Of the 12.9% of mouth-breathing children who did not
have adenoids, only 3.3% had one or more congenital or
inflammatory change, whereas the other 9.6% showed a
completely normal CT scan. This underlines the leading
role of adenoids in causing mouth breathing. It is not
possible to tell for sure whether mouth breathing in the
few children who did not have adenoids, but had another
CT finding, is caused by the congenital or inflammatory
factor present or whether these children are just habitual
mouth-breathers with a coincidental CT finding.

Among the mouth-breathing children in this study,
9.6% demonstrated normal CT findings representing the
incidence of habitual non-obstructive mouth breathing.
Likewise, Warren et al36 reported that approximately
12% of their sample were habitual mouth-breathers
despite having an adequate nasal airway. Vig and
Zajac37 also suggest that oral respiration is extremely

Figure 10 Coronal CT of a mouth-breathing child showing bilateral
maxillary and ethmoidal sinusitis more pronounced on the right side.
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common in children and not necessarily related to nasal
airway impairment. Thus, mouth breathing may be the
result of habit, with or without any impairment of the
upper airway.

In conclusion, in order of the most important to the
least, hypertrophied adenoids, maxillary sinusitis, pneu-
matized middle conchae, deviated nasal septum, hyper-
trophied inferior conchae, and ethmoidal and frontal
sinusitis have a role in mouth breathing. It is clear that
adenoids have a dominant role in causing mouth
breathing. Yet, it is recommend that the paediatrician

should assess other mechanical obstacles if mouth
breathing was not corrected after adenoidectomy.
Further research should be performed to test the validity
of correction of such factors in improving the quality of
life of mouth-breathing children.
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