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MOUTH BREATHING CHILDREN HAVE CEPHALOMETRIC
PATTERNS SIMILAR TO THOSE OF ADULT PATIENTS
WITH OBSTRUCTIVE SLEEP APNEA SYNDROME

Maria Ligia Juliano’, Marco Antonio Cardoso Machado?, Luciane Bizari Coin de Carvalho’,

Lucila Bizari Fernandes do Prado®, Gilmar Fernandes do Prado’

Abstract — Objective: To determine whether mouth breathing children present the same cephalometric
patterns as patients with obstructive sleep apnea syndrome (OSAS). Method: Cephalometric variables
were traced and measured on vertical lateral cephalometric radiographs. The cephalometric measurements
of 52 mouth and 90 nose breathing children were compared with apneic patients. The children had not
undergone adenoidectomy or tonsillectomy and had not had or were not receiving orthodontic or orthopedic
treatment. Results: Mouth breathing children showed same cephalometric pattern observed in patients with
OSAS: a tendency to have a retruded mandible (p=0.05), along with greater inclination of the mandibular
and occlusal planes (p<0.01) and a tendency to have greater inclination of the upper incisors (p=0.08). The
nasopharyngeal and posterior airway spaces were greatly reduced in mouth breathing children, as observed
in patients with apnea (p<0.01).  Conclusion: Mouth breathing children present abnormal cephalometric
parameters and their craniofacial morphology resembles that of patients with OSAS.
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Criangas respiradoras bucais apresentam padrao cefalométrico semelhante aquele observado em pacientes

adultos com sindrome da apnéia obstrutiva do sono

Resumo — Objetivo: Determinar se criancas respiradoras bucais apresentam o mesmo padrao cefalométrico
que os pacientes que tem sindrome da apnéia obstrutiva do sono (SAOS). Método: Foram tragadas radiografias
laterais verticais da cabega para a mensuracao das variaveis cefalométricas. As medidas cefalométricas de 52
criangas respiradoras bucais e de 90 criangas respiradoras nasais foram comparadas a de pacientes com apnéia.
Foram excluidas as criangas que haviam sido submetidas a cirurgia de remogao de amidalas ou adendides, ou
que haviam recebido tratamento ortodéntico prévio ou em andamento.  Resultados: As criangas respiradoras
bucais apresentaram o mesmo padrao cefalométrico observado em pacientes com SAOS: tendéncia a ter
retrusao de mandibula (p=0,05), assim como uma maior inclinagdo dos planos mandibular e oclusal (p<0,01) e
tendéncia a ter maior inclinagao dos incisivos superiores (p=0,08). O espago da nasofaringe e o espago aéreo

posterior se apresentaram muito diminuidos nas criangas respiradoras bucais, como é observado em pacientes

com SAOS (p<0,01).  Conclusdo: Criangas respiradoras bucais apresentam padrao cefalométrico alterado e sua
morfologia craniofacial é semelhante aquela observada em pacientes com SAOS.

PALAVRAS-CHAVE: cefalometria, respiragao bucal, apnéia obstrutiva do sono.

Obstructive sleep apnea syndrome (OSAS) in adults
is characterized by repeated episodes of cessation of
breathing during sleep. These episodes result from ob-
struction of the upper airways, which collapse at differ-
ent levels ranging from the nasal fossae to the lower por-

tion of the hypopharynx'. The nocturnal symptoms in-
clude snoring, restless sleep, frequent arousals, apneas
and excessive sweating. The daytime problems are morn-
ing headache, excessive daytime sleepiness and develop-
ment of physical complications that include systemic hy-
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pertension and cardiac arrhythmias®. A reduced nasopha-
ryngeal air space favors occurrences of OSAS. The size of
this space is affected by craniofacial morphology?, and is
influenced by heredity”. Patients with OSAS show simi-
lar morphological characteristics, such as cervical hyper-
extension, an abnormal relationship between the maxilla
and mandible, abnormalities in the dental arches, microg-
nathia and retrognathia’. The association between cran-
iofacial anomalies and respiratory sleep disorders such
as snoring has been confirmed in several studies®”. The
pathophysiology of childhood OSAS is still poorly under-
stood. Although adenotonsillar hypertrophy is certainly
the main factor contributing to OSAS?, other factors such
as craniofacial anomalies® or genetic factors’ are believed
to be implicated in its development. Children with ade-
noidal hypertrophy present nasal obstruction with conse-
quent chronic mouth breathing®. Unlike adults, few chil-
dren with OSAS report excessive daytime sleepiness". In-
stead, symptoms like behavioral changes, cognitive ab-
normalities, concentration difficulties and learning diffi-
culties generally occur®™. Facial growth abnormalities are
observed among children with OSAS’ and among mouth
breathing children™", in addition to poor growth due to
increased energy expenditure during sleep®, hyperactivi-
ty and antisocial behavior, and symptoms of depression'é,
cognitive difficulty”®and motor dysfunction®.

Children with abnormal craniofacial patterns show a
predisposition towards some types of respiratory sleep
disorder, as do children with tonsillar and adenoid hyper-
trophy. These factors favor the development of mouth
breathing'®”°. Mouth breathing during the growth phase is
an important factor responsible for a sequence of events
that commonly result in growth changes and abnormali-
ties of cranial and maxillomandibular development™. An
association between mouth breathing during sleep and
increased propensity for upper airway collapse has been
well documented?. Moreover, there seems to be a cor-
relation between the anatomical shape of the upper air-
ways and abnormalities in craniofacial morphology among
mouth breathing individuals”. Mouth breathing can induce
dental malocclusion?, which generally leads to increased
anterior facial height, a narrow and deep palate, increased
lower facial height”, open biting and a tendency towards
cross-biting'*?, along with occurrences of hearing loss*.
Cephalometry is useful as a screening test for anatomi-
cal abnormalities among patients with OSAS®’”. Measure-
ments assessing the anteroposterior position of the maxil-
la and mandible, inclination of the mandibular and occlus-
al planes, position of the anterior teeth, dimensions of the
nasopharyngeal and posterior air spaces and characteris-
tics of the hyoid bone are the ones most associated with
OSAS®®* The pattern of these measurements presented
by OSAS patients is referred to as apneic pattern’.
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Thus, the objective of the present study was to deter-
mine whether mouth breathing children present the same
cephalometric pattern as apneic patients.

METHOD

Participants

This study was conducted on 142 children aged 7 to 14 years,
including 52 mouth breathing children (27 boys) and 90 nose
breathing children (58 boys). They were recruited from two Pas-
toral Community Centers in the district of Jardim Colonial, city
of Sao Paulo, Brazil. The children were transported to the Papa-
iz Associates Dental Radiology Institute, Sao Paulo, for vertical
lateral cephalometric radiographs to be produced. One child
did not appear on the day of the examination. Children who had
undergone surgical treatment of the oral cavity and/or struc-
tures relating to the nasopharyngeal air space, such as tonsil-
lectomy, adenoidectomy or adenotonsillectomy were exclud-
ed from the study. Children who had previously had or were
currently receiving orthodontic or facial orthopedic treatment
were also excluded.

The study was approved by the Ethics Committee of the Fed-
eral University of Sdo Paulo (UNIFESP) (case number 0896./03).
After receiving information about the objectives of the study,
the parents of the children or other adults responsible for them
signed the consent form and an authorization for the children
to be transported to the Radiology Institute for cephalomet-
ric radiography.

Assessment

To be classified as mouth breathers, the children needed to
fulfill all of the following clinical criteria: their parents report-
ed that they were breathing through the mouth, sleeping with
the mouth opened and dribbling on the pillow three times a
week or more. Children were classified as nose breathers when
their parents did not report any of the above complaints. We
only took in account loud and continuous snoring as comple-
mentary information for classifying children as mouth breath-
ers, because this kind of information is variable and subject to
individual sensitivity and the degree of attention paid towards
children. All of the children underwent an orthodontic evalua-
tion (data not shown in this study) and lateral teleradiography
to obtain cephalometric tracings.

Lateral cephalometric radiographs - Lateral cephalometric radio-
graphs (Fig 1) were obtained with the children sitting on a chair
in an upright position, with the teeth in natural occlusion. A ce-
phalostat was used to keep the subject’s head in such a position
that the Frankfurt plane was parallel to the floor. Before radi-
ography, the children used a mouth rinse and swallowed 10 ml
barium sulfate to allow structures such as the tongue, soft pal-
ate, epiglottis and posterior region of the pharynx to be seen.
The EMIC MKT 100 X-ray apparatus was used, and a distance of
152 cm was maintained between the X-ray emission point and
the center of the cephalostat.
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Fig 1. Lateral cephalometric radiography.

Cephalometric measurements and blinding procedure - The radio-
graphs were handed over directly to the person in charge of
the secretarial office of the research center, who blinded their
identification by means of opaque labels. The radiographs were
then stored in randomly numbered envelopes. After collecting
population data, one of the authors (MLJ), who was unaware of
whom the radiographs belonged to, traced the radiographs onto
Ultraphan paper placed on top of a negatoscope. An anatomical
drawing was produced and the linear measurements and angles
(Fig 2) were traced out in order to determine the cephalomet-
ric variables (Table 1).

Statistics

The results relating to the variables from each patient were
stored in an electronic spreadsheet (Microsoft Excel). The la-
bels concealing the identities of the mouth breathing and nose
breathing children were removed, and the two groups were re-
grouped irrespective of age or gender. Since the data showed
Gaussian distribution, the mean, standard deviation and median
were calculated. The cephalometry was compared between the
mouth and nose breathing children (Table 2), and with the ce-
phalometric pattern for apneic patients (Table 3) that has been
widely described in the literature’**?”. The oral and nasal cepha-
lometric variables were compared using Student’s t test, and the
chi-square test was used for comparisons with the patterns in
the literature.

RESULTS
Fifty-two of the 142 children were mouth breathers

and 90 were nose breathers. The mean age (£SD) was
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Fig 2. Anatomical drawing, linear measurements and angles traced
out to determine the following cephalometric variables: 1: SNA; 2:
SNB; 3: NSPIO; 4: NSGoGn; 5: SPAS; 6: PAS; 7: MPH; 8: C3H.

124.8+24.8 months for the mouth breathing children
and 130.0£21.6 months for the nose breathing children
(p=0.31).

Maxillomandibular variables

The mouth breathing children showed a more retrud-
ed maxilla (SNA) and mandible (SNB) than nose breathing
children did (p<0.05) (Table 1). A higher proportion of the
mouth breathing children presented measurements with
the apneic pattern (Table 2), but this difference was not
significant. However, the SNB angle tended to be <78.74°
(apneic pattern) in the mouth breathing group (p=0.056).

Direction of mandibular growth and

inclination of the occlusal plane

The mouth breathing children presented greater in-
clination of the mandibular plane (NS.GoGn) and oc-
clusal plane (NS.PlO) than nose breathing children did
(p<0.0001). Comparison of the two groups with the ap-
neic pattern described in the literature showed that the
inclinations of both the mandibular plane and the occlusal
plane were comparable, with greater inclination observed
for the mouth breathing group (p<0.0005 and p<0.05,
respectively).

Position of the incisors

The upper incisors (1.NA) showed greater buccal incli-
nation in mouth breathing children (p<0.05). No differ-
ence in the inclination of the lower incisors (1.NB) was ob-
served between the two groups, but the linear measure-
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Table 1. Normal cephalometric data for children**?%%,
Cephalometric  Description Diagnostic value Normal
parameters value
SNA angle formed by the sella-nasion line and line anteroposterior position of the maxilla in rela- 82°
N-point A tion to the skull base
SNB angle formed by the sella-nasion line and line anteroposterior position of the mandible in re- 80°
N-point B lation to the skull base
ANB differences between the SNA and SNB angles the relation between maxilla and mandible 2°
NS.PIO angle formed by the sella-nasion line and the the inclination of the occlusal plane in relation 14°
occlusal plane to the skull base
NS.GoGn angle formed by the sella-nasion line and man- the inclination of the mandibular plane in rela- 36°
dibular plane tion to the skull base
1.NA angle of inclination of the upper incisor in rela- the extent of anterior inclination of the upper 22°
tion to the NA line incisor
1-NA linear distance between the most salient point  the extent of anterior inclination of the upper 4 mm
of the buccal side of the upper incisor and the incisor
NA line measured perpendicularly to the latter
1.NB angle of inclination of the lower incisor in rela- the extent of anterior inclination of the lower 25°
tion to the NB line, which determines the extent incisor
of anterior inclination of the lower incisor
1-NB linear distance between the most salient point ~ the extent of anterior inclination of the lower 4 mm
of the buccal side of the lower incisor and the incisor
NB line measured perpendicularly to the latter
SPAS the thickness of the airway behind the soft pal- thickness of superior posterior airway space 10 mm
ate along a line parallel to the Go-B point plane®
PAS linear distance between a point at the base of ~ thickness of posterior airway space 10 mm
the tongue and another point on the posterior
wall of the pharynx, both measured by the ex-
tension of a line from point B to point Go®
MP-H linear distance between H, the most anterosupe- risk of occlusion, which increases directly with 18 mm
rior point of the hyoid bone, and the mandibular ~ the distance
plane measured perpendicularly to the latter®
C3-H linear distance between C3 and H, where C3is  risk of occlusion, which increases inversely with 35 mm

the most anteroinferior point of the third cer-
vical vertebra®

the distance

Normal values from: Lowe A’, Miles PG*, Guilleminault C*, Bibby RE”.

ments on the upper and lower incisors (1-NA and 1-NB) in-
dicated a more anterior inclination in the mouth breath-
ing children (p<0.05). However, no differences in angu-
lar or linear measurements were observed between the
mouth and nose breathing groups, compared with the ap-
neic pattern.

Pharyngeal air space

The linear measurements relating to the nasopha-
ryngeal air space (SPAS and PAS) were much smaller in
the mouth breathing children than in the nose breath-
ing group (p<0.0001). Comparison with the apneic pat-
tern showed that the mouth breathing children pre-
sented measurements that were very similar to those

found in patients with OSAS (p<0.0001 and p<0.01, re-
spectively).

Position of the hyoid bone

The vertebra-hyoid (C;-H) distance was longer in the
mouth breathing children than in the nose breathing group
(p<0.05), whereas the distance between the hyoid bone
and mandibular plane (MP-H) did not differ significantly
between the two groups. Comparison of these variables
between the two groups and with the adult apneic pat-
tern showed shorter distances between the hyoid bone
and both the C; vertebra and the mandibular plane in the
two groups of children, with no significant difference re-
garding the position of the hyoid bone.
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Table 2. Comparison of cephalometric data between the mouth
and nose breathing groups.

Nose breathing  Mouth breathing p
SNA 84.1+41 82.6+3.8 0.03
SNB 794141 77.513.6 0.04
ANB 47+2.0 51+23 0.248
NS.PIO 18.1+4.4 211437 <0.0001
NS.GoGn 33.54£5.7 38.315.2 <0.0001
1.NA 241177 26.316.2 0.01
1-NA 4.5119 53123 0.04
1.NB 309154 31.8£5.8 04
1-NB 64123 75+2.8 0.02
SPAS 10.31£2.8 49£19 <0.0001
PAS 12.3£31 10.1£31 0.0001
MP-H 1.315.2 11.8+5.3 0.06
G-H 349434 33.613.2 0.03
DISCUSSION

The present study demonstrated that the cephalom-
etry of mouth breathing children differs greatly from the
measurements observed for nose breathing children, but
is similar to the cephalometric pattern of patients with
OSAS that has been described in the literature®**”.

The facial morphology of patients with obstructive
sleep apnea has been determined on lateral cephalomet-
ric radiographs. However, few cephalometric studies on
childhood OSAS are available in the literature.

The SNA and SNB angles, which evaluate the antero-
posterior position of the maxillae and mandible, respec-
tively, were smaller in the mouth breathing children. These
data coincide with studies showing that mouth breathing
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reduces anterior maxillomandibular development™, such
that these structures are more retruded in relation to the
skull base. These findings were confirmed in the study by
Kawashima et al.”, who found a retrognathic mandible in
children in whom more than 75% of the palatine tonsils
could be seen on clinical examination. Similarly, studies
have shown equally retruded maxillae and mandibles in ap-
neic patients*”. This anatomical condition leads to a small-
er oral cavity both in mouth breathing individuals and in
apneic patients, with diminished functional space for the
tongue, which will occupy a more posterior position, thus
favoring obstruction of the upper airways during sleep.

The direction of mandibular growth and inclination of
the occlusal plane, as given by the NS.GoGn and NS.PlO
measurements, respectively, were greater in mouth
breathing children. Nasal obstruction caused by tonsillar
and adenoid hypertrophy impairs normal nose breathing.
Such children will then adapt their respiration by mov-
ing over to mouth breathing through postural changes
of the head®®, maxillae, tongue and labial musculature,
thereby altering the muscle pressure balance in the max-
illae and teeth and modifying facial growth®. This process
may explain the increased inclination of these measure-
ments in mouth breathing children. The cephalometric
pattern of patients with OSAS is also characterized by
increases in these values, resulting in greater anterior fa-
cial height, clockwise growth of the mandible and a ten-
dency towards open biting®. Lyberg et al.”’ reported that
the mandibular plane and the height of the anterior face
were slightly greater in adults with OSAS. Their findings
were similar to ours in children.

Greater inclination of the upper incisors (1.NA and
1-NA) was observed in the mouth breathing group. This
finding can be explained by the pressure that the tongue

Table 3. Comparison of cephalometric data between the groups studied and the apneic pattern.

Apneic pattern* Nose breathing children (%) Mouth breathing children (%) p
SNA < 81.84 25 39.21 0112
SNB < 78.74° 44.56 62.74 0.056
ANB >4° 5217 64.70 0.203
NS.PIO >14° 81.52 98.03 0.009
NSGoGn >36° 2391 60.78 0.00002
1.NA >22° 56.52 72.54 0.086
1-NA >4 mm 40.21 56.86 0.082
1.NB >25° 86.95 86.27 0.887
1-NB >4 mm 79.34 90.17 0.152
SPAS <8 mm 16.30 941 0.00000001
PAS < 11.88 mm 36.95 60.78 0.010
MP-H >17.75 mm 13.04 11.76 0.966
G-H <34.66 mm 44.56 60.78 0.092

864



Arq Neuropsiquiatr 2009;67(3-B)

exerts on the palatine side of these teeth, since many
mouth breathing individuals have a retruded maxilla and
mandible and the functional space for the tongue is there-
fore reduced. No increase in the 1.NB measurement was
observed, probably because mouth breathers place the
lip between the upper and lower incisors, because of the
greater anterior inclination of the upper incisor. Through
this, pressure is applied to the lower apical base, which
leads to retroinclination of the lower incisors. No signifi-
cant difference in these measurements was observed re-
garding the apneic pattern, although they tended to be
higher in mouth breathing children.

The linear measurements of the nasopharyngeal
air space (SPAS and PAS) were markedly reduced in the
mouth breathing children, and this has also been ob-
served in apneic patients®”. The present study and oth-
er investigations®*7'°®1*»%? have demonstrated the use-
fulness of cephalometry for diagnosing respiratory sleep
disorders in children. Lymphoid tissue hypertrophy plays
an important role in the physiopathology of these disor-
ders in children and is the main target of therapeutic man-
agement. Guilleminault et al.” suggested that maintain-
ing nose breathing during childhood is important for pre-
venting abnormalities of the facial skeleton.

In the present study, the MP-H measurement (which
determines the distance between the hyoid bone and
mandibular plane”) did not differ between mouth and
nose breathing children, probably because this distance
normally increases with age”. In children, obstruction of
the airway is more common at the level of the nasophar-
ynx and oropharynx, rather than in the musculature relat-
ing to the hyoid bone™" as observed in adult patients**.
In the children studied here, the hyoid bone was still close
to the mandibular plane, unlike in adults with OSAS**, in
whom the hyoid bone is quite distant from the mandibu-
lar plane. On the other hand, the C3-H measurement was
greater in the mouth breathing children because these pa-
tients extended their heads to improve their respiratory
pattern, thus increasing cervical kyphosis™.

In conclusion, the present study demonstrated that
mouth breathing children present abnormal cephalomet-
ric parameters, compared with nose breathing children,
and that the craniofacial morphology of the former re-
sembles that of patients with OSAS. This suggests that
the apneic pattern develops early in the clinical history
of patients with OSAS. Therefore, this deserves careful at-
tention from all clinicians, particularly neurologists car-
ing for children who are referred to them because of be-
havioral or learning problems.
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