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Background. Morphological and dentofacial altera-
tions have been attributed to impaired respiratory
function.

Objective. To examine the influence of mouth
breathing (MB) on children facial morphology before
and after adenoidectomy or adenotonsillectomy.
Methods. Thirty-three MB children who restored
nasal breathing (NB) after surgery and 22 NB chil-
dren were evaluated. Both groups were submitted
to lateral cephalometry, at time 1 (T1) before and
at time 2 (T2) 28 months on average postopera-
tively.

Results. Comparison between the MB and NB
groups at Tl showed that mouth breathers had

higher inclination of the mandibular plane; more
obtuse gonial angle; dolichofacial morphology;
and a decrease in the total and inferior posterior
facial heights. Twenty-eight months after the MB
surgical intervention, they still presented a doli-
chofacial morphologic pattern. During this period,
MB altered the face growth direction and
decreased their mandible plane inclination, with
reduction in the SN.GoGn, PP.MP, SNGn, and
ArGo.GoMe parameters as well as an increase in
BaN.PtGn.

Conclusion. After the MB rehabilitation, children
between 3 and 6 years old presented significant
normalization in the mandibular growth direction,
a decrease in the mandible inclination, and an
increase in the posterior facial height. Instead,
they still persisted with a dolichofacial pattern
when compared with nasal breathers.

Introduction

Children nasal obstruction is closely related
to the changes in the posture of the head
and mandible, orofacial and neck tonicity,
and craniofacial morphology'. Adenotonsillar
hypertrophy and allergic rhinitis are the
most common causes of children respiratory
obstruction, which leads to mouth breathing?,
and the association of these two main causes
is frequent, which exacerbates the respiratory
symptoms>”.

The effect of tonsillectomy on craniofacial
growth has been extensively studied®®. The
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change in the mode of children breathing
during the facial growth spurt favours the
craniofacial and dentofacial development and
promotes a more horizontal mandible growth
direction®®. The forward rotation of the
mandible leads to significant improvement in
upper and lower incisor inclination, anterior
and posterior vertical face heights, and dental
arch width. Modifications in the nasopharyn-
geal airway space and the mandible plane
inclination are also observed*®. Moreover, the
children who were submitted to adenotonsil-
lectomy presented a myofunctional improve-
ment in labial posture and tonicity, tongue or
lip interposition during deglutition and masti-
cation 2 years after surgery, in a prospective
study”®.

To establish how the respiratory obstruction
affects dentofacial development, mouth breath-
ing preschool children (MB) were compared
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with nasal breathing (NB) children. Also, MB
group was submitted to adenoidectomy or ade-
notonsillectomy, and their cephalometric eval-
uation before surgery was compared with that
at 28 months on average postoperatively.

Methods

This quasi-experimental study with an
untreated control group and a pretest and
post-test group was approved by the Human
Ethics Committee on Research of the Dental
School of Ribeirdo Preto, University of Sao
Paulo, Brazil (Process no. 2000.1.483.58.5).
The children were selected from the Rhinosi-
nusology Outpatient Clinics — School of Medi-
cine of Ribeirdo Preto, and from the dental
treatment at the Pedodontics Clinic, School of
Dentistry of Ribeirdo Preto; both of them
were from the University of Sdo Paulo. All
patients underwent otorhinolaryngological
and orthodontics evaluation.

Seventy-three mouth or NB children aged
between 3 and 6 were included in this study.
According to breathing pattern diagnosis, they
were separated into two groups. The experi-
mental group had 44 MB, with airway
obstruction because of tonsil hypertrophy.
The control group had 29 NB children with
no airway obstruction. Children with compro-
mised teeth and dental arch, septal deviation,
previous history of respiratory surgery, and/or
orthodontic treatment were excluded from
the study. The patients were of both genders
and from both black and white backgrounds.

The otorhinolaryngological evaluation was
performed by the same doctor. The clinical
evaluation included the oroscopy, which eval-
uated the tonsil hypertrophy using the Brod-
sky and Kock'® criteria; anterior rhinoscopy;
otoscopy; lateral skull radiography, which
evaluated the hypertrophy of the pharynx
tonsils, using the Cohen and Konak'"' criteria.

The patients were forward to the orthodon-
tic evaluation, which consisted in lateral
cephalometric radiographic analysis (consid-
ered time 1 — T1). The dentofacial structures
and the soft tissues were traced by hand, and
the following angular and linear cephalomet-
ric measurements were obtained from the
cephalometric tracings (Fig. 1):

Fig.

1. Trace of the dentofacial anatomical structures, soft

tissues, and cephalometric points used in this study.
Cephalogram illustrating the angular cephalometric
measurements.

10

SNA angle: the anteroposterior position
between the maxilla and the cranial base.
SNB angle: the anteroposterior position
between the mandible and the cranial
base.

ANB angle: the anteroposterior relation-
ship between the maxilla and the mandi-
ble.

SN.GoGn angle: the degree of the mandi-
ble plane inclination in relation to the
anterior cranial base.

SN.PP angle: the degree of the maxilla
inclination in relation to the anterior cra-
nial base.

PP.MP angle: relates the maxilla to the
mandible in the vertical plane.
ArGo.GoMe angle (gonial angle): estab-
lishes the degree of the ramus inclination
in relation to the mandible body.

SNGn angle: corresponds to face growth
direction.

BaN.PtGn angle: describes the variation in
face height and face depth.

N-Me: linear measure corresponding to
the total anterior facial height.

© 2011 The Authors
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11 N-ANS: describes the upper anterior facial
height.

12 ANS-Me: describes the
facial height.

13 S-Go: linear measure corresponding to the
total posterior facial height.

14 S-Ar: describes the upper posterior facial
height.

15 Ar-Go: describes the lower posterior facial
height.

After both otorhinolaryngologic and ortho-
dontic evaluation, children of the MB group
underwent adenoidectomy or adenotonsillec-
tomy. Clinical otolaryngological examinations
were repeated 1, 6, 12, and 24 months post-
operatively. Children with moderate allergic
rhinitis were medicated and continued partic-
ipating in the MB group of the study,
whereas individuals with recurrent pharyn-
geal tonsils or with persistent respiratory
symptoms were excluded from the investiga-
tion. The cephalometric data were repeated in
average 28 months after surgery in the MB
(time 2 — T2) and in the NB groups.

Data were analysed by the statistic program
GrapHPAD Prism 5 (GraphPad Software Inc.,
San Diego, CA, USA). First, the values were
analysed by the distribution (D’Agostino—
Pearson normality test), and all data were dis-
tributed normally. The Student’s f-test was
used for the comparison of the MB and NB
group average cephalometric measurements,
and the paired t-test was used to compare the
measurements within each group at times T1
and T2. The difference was considered statisti-
cally relevant when P was set <0.05.

lower anterior

Results

Eighteen patients were excluded from the ini-
tial sample because of one of the following
reasons: follow-up track, loss of teeth or the
dental arch integrity loss, orthodontic treat-
ment, and persistent or recurrent respiratory
symptoms. Thus, the final sample comprised
55 children, 33 of mouth breathers (MB) and
22 nasal breathers. The mean age in the MB
group was 4 years and 8 months at T1 and
7 years and 2 months at T2. The mean age in
the NB group was 5 years and 1 month at T1
and 7 years and 4 months at T2.

© 2011 The Authors
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Table 1. Comparison of the cephalometric measurements
obtained for the MB and NB groups at time T1 through
Student’s t-test.

Group MB (T1)  Group NB (T1)

Measurement Average SD Average SD P

SNA (°) 81.6 3.9 82.8 46 ns

SNB (° 75.8 2.8 77.7 51 ns

ANB (°) 5.8 2.3 5.4 1.7 ns
SN-GoGn (°) 41.2 4.8 36.6 4.8 <0.001
SN-PP (°) 6.1 3.1 6.0 38 ns
PP-MP (°) 37.2 42 32.7 6.0 0.002
ArGo-GoMe (°)  136.9 3.6 1313 3.2 <0.0001
SN-Gn (°) 70.8 3.5 69.2 48 ns
BaN-PtGn (°) 84.2 3.9 88.2 3.2 <0.0001
N-Me (mm) 100.1 5.2 99.0 48 ns
N-ANS (mm) 43.1 2.9 43.1 28 ns
ANS-Me (mm) 60.1 3.8 59.2 35 ns

S-Go (mm) 58.2 3.3 60.4 4.4 0.039
S-Ar (mm) 27.4 2.8 28.2 34 ns
Ar-Go (mm) 33.3 2.7 35.8 4.4 0.012

ns, nonsignificant; SD, standard deviation; MB, mouth breathing;
NB, nasal breathing.

Table 1 compares the MB and NB groups at
time T1. MB group presented a higher incli-
nation of the mandible when compared with
the cranial base (SN.GoGn) and the palatal
plane (PP.MP) as well, a more obtuse gonial
angle (ArGo.GoMe), a significant decrease in
the posterior facial height (S-Go) because of
smaller mandibular ramus height (Ar-Go).
Besides that, the BaN.PtGn was significantly
lower in the MB group, demonstrating that
this group presented a predominant dolicho-
facial morphology when compared with NB.
The other parameters did not reach the statis-
tical significance (Figs 2 and 3).

At T2, the comparison of the cephalometric
measurements revealed that only the parame-
ter BaN.PtGn was statistically lower in MB,
which demonstrated that MB children were
still predisposed to dolichofacial morphology
after the surgery (Table 2). All other mea-
sures were statistically similar to the postoper-
ative evaluation (Figs 4 and 5).

The evolution of each group is demon-
strated in Table 3. The results showed that
there was a significant increase in the linear
measures for NB group (ArGo.GoMe, N-Me,
N-ANS, ANS-Me, S-Go, S-Ar, and Ar-Go),
which can be explained by the facial growth
during the analysed period. The angular mea-
surements, however, remained stable.
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Fig. 2. Box plot. Comparison of the angular cephalometric
measurements obtained for the mouth breathing and nasal
breathing groups at time T1 through Student’s t-test.

***%P < 0.001; **P < 0.01.
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Fig. 3. Box plot. Comparison of the linear cephalometric
measurements obtained for the mouth-breathing children
and nasal-breathing groups at time T1 through Student’s
t-test. *P < 0.05.

At the MB group evaluation, the linear
cephalometric parameters (N-Me, N-ANS,
ANS-Me, S-Go, S-Ar, and Ar-Go) increased
during the T2 period. A statistically significant
alteration, however, at the angular measures
SNA, SN.GoGn, PP.MP, ArGo.GoMe, SNGn,
BaN.PtGn between T1 and T2 was observed.
The average values reduction of SN.GoGn,
PP.MP, SNGn, and ArGo.GoMe and the
increase in the average value of BaN.PtGn
revealed a decrease in the mandibular plane
inclination as well as a forward rotation of
the mandible in the MB group after surgery.
It is noteworthy that the values of SNA,

Table 2. Comparison of the cephalometric measurements
obtained for the MB and NB groups at time T2 through
Student’s t-test.

Group MB (T2) Group NB (T2)

Measurement  Average sD Average SD P
SNA (°) 82.5 3.8 82.2 45 ns
SNB (° 76.6 3.1 77.6 42 ns
ANB (°) 5.8 2.0 5.0 1.7 ns
Sn-GoGn (°) 38.8 5.1 36.6 53 ns
SN-PP (°) 6.3 3.5 6.4 33 ns
PP-MP (°) 34.5 4.4 32.1 6.1 ns
ArGo-GoMe (°) 1334 3.6 134.2 54 ns
SN-Gn (°) 69.6 3.5 69.1 52 ns
BaN-PtGn (°) 86.0 3.9 89.0 3.0 0.004
N-Me (mm) 105.6 5.1 105.5 55 ns
N-ANS (mm) 46.4 3.1 46.7 2.7 ns
ANS-Me (mm) 62.2 3.3 61.4 4.1 ns
S-Go (mm) 63.0 3.5 64.1 5.8 ns
S-Ar (mm) 29.9 2.3 30.5 29 ns
Ar-Go (mm) 35.9 3.0 37.5 4.6 ns

ns, nonsignificant; SD, standard deviation; MB, mouth breathing;
NB, nasal breathing.
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Fig. 4. Box plot. Comparison of the angular cephalometric
measurements obtained for the mouth-breathing children
and nasal-breathing groups at time T2 through Student'’s
t-test. **P < 0.01.

SN.GoGn, PP.MP, SNGn, and BaN.PtGn chan-
ged significantly only in the MB group and
not in the NB group.

The final evaluation compared the variation
of the average cephalometric values between
the two times, in MB and NB groups
(Table 4). There was a significant statistical
difference between the means for the SNA,
SN.GoGn, PP.MP, and ArGo.GoMe values
between the groups, which revealed a higher

© 2011 The Authors
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Fig. 5. Box plot. Comparison of the linear cephalometric

measurements obtained for the mouth-breathing children
and nasal-breathing groups at time T2 through Student’s

t-test. There is no statistically significant difference.

horizontal growth of the maxilla, a decrease
in the inclination of the mandibular plane,
and a decrease in the gonial angle in the MB
group when compared with the NB.

Discussion

The effect of chronic respiratory obstruction
on craniofacial development has been largely
studied, but the literature accomplishes arti-
cles with a very broad age interval and with
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controversial results. Thus, it was decided to
study a very specific age group with children
before the first craniofacial growth spurt and
the effect of the change in the mode of
breathing on their facial morphology.

Before surgery, the preschool MB presented
a significant higher vertical inclination of the
mandible, which reveals a posterior mandible
rotation when compared with nasal breathers.
Bresolin ef al.'? and Lessa et al.'> observed the
same relation between the MB and the cra-
nial morphology in older children, aged 6 and
older. Zucconi et al'* observed the same
alteration in the mandible plane and a pre-
dominant vertical growth in children with
obstructive sleep apnoea. Moreover, Zetter-
gren-Wijk et al® and Kawashima et al.'” also
compared mouth breathers with nasal ones
and observed changes in the mandibular
plane inclination in MB children, even in
case of children younger than 6 years old.

The increased inclination between the
ramus and the body of the mandible (ArGo.
GoMe) in MB children demonstrates that the
mandible inclination is not only postural but
also bony and morphological changes that
occur even in such a young age group.
These findings had already been observed in
older MB children by other authors'*'¢'”.
Sabatoski et al.'®, however, found no statistically

Table 3. Comparison of the cephalometric measurements obtained between times T1 and T2 for the MB and NB groups

through paired t-test.

Group MB Group NB

Initial - T1 Final - T2 Initial - T1 Final - T2
Measurements Average SD Average SD P Average SD Average SD P
SNA (°) 81.6 3.87 82.5 3.8 0.02 82.8 4.6 82.2 4.5 ns
SNB (°) 75.8 2.8 76.6 3.1 ns 77.7 5.1 77.6 4.2 ns
ANB (°) 5.8 2.3 6.0 2.2 ns 5.4 1.7 4.8 1.9 ns
Sn-GoGn (°) 41.2 4.8 38.8 5.1 <0.0001 36.6 4.8 36.6 5.3 ns
SN-PP (°) 6.1 3.1 6.3 3.5 ns 6.0 3.8 6.4 3.3 ns
PP-MP (°) 37.2 4.2 34.5 4.4 <0.0001 32.7 6.0 32.1 6.1 ns
ArGo-GoMe (°) 136.9 3.6 1334 3.6 <0.0001 131.3 3.2 134.2 5.4 0.02
SN-Gn (°) 70.8 3.5 69.6 3.5 0.0031 69.2 4.8 69.1 5.2 ns
BaN-PtGn (°) 84.2 3.9 86.0 3.9 <0.0001 88.2 3.2 89.0 3.0 ns
N-Me (mm) 100.1 52 105.6 5.1 <0.0001 99.0 4.8 105.5 5.5 <0.0001
N-ANS (mm) 43.1 2.9 46.4 3.1 <0.0001 43.1 2.8 46.7 2.7 <0.0001
ANS-Me (mm) 60.1 3.8 62.2 3.3 <0.0001 59.2 3.5 61.4 4.1 0.0004
S-Go (mm) 58.2 3.3 63.0 3.5 <0.0001 60.4 4.4 64.1 5.8 <0.0001
S-Ar (mm) 27.4 2.8 29.9 2.3 <0.0001 28.2 3.4 30.5 2.9 <0.0001
Ar-Go (mm) 33.3 2.7 35.9 3.0 <0.0001 35.8 4.4 37.5 4.6 0.010

ns, nonsignificant; SD, standard deviation; MB, mouth breathing; NB, nasal breathing.

© 2011 The Authors
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Table 4. Comparison of the variation in the cephalometric
measurements (T2 — T1) between the MB and NB groups by
Student’s t-test.

T2 - T1 T2 -T1

(Group MB) (Group NB)
Measurement Average SD Average SD P
SNA (°) 0.9 2.1 -0.6 1.4 0.005
SNB (°) 0.8 22  -01 19 ns
ANB (°) 0.2 1.8 -0.7 1.9 ns
Sn-GoGn (°) -2.3 2.6 0.0 3.0 0.004
SN-PP (°) 0.3 2.0 0.4 24 ns
PP-MP (°) -2.7 26 -05 3.6 0.005
ArGo-GoMe (°) -3.5 2.6 2.9 5.4  <0.0001
SN-Gn (°) -1.2 2.1 -0.1 1.9 ns
BaN-PtGn (°) 1.9 2.3 0.8 2.1 ns
N-Me (mm) 5.5 2.8 6.5 36 ns
N-ANS (mm) 3.3 1.6 3.5 20 ns
ANS-Me (mm) 2.1 2.1 2.2 24 ns
S-Go (mm) 49 2.7 3.7 29 ns
S-Ar (mm) 2.5 2.1 2.3 1.7 ns
Ar-Go (mm) 2.6 3.2 1.7 28 ns

ns, nonsignificant; SD, standard deviation; MB, mouth breathing;
NB, nasal breathing.

significant difference between mouth and
nasal breathers in terms of gonial angle and
mandibular plane inclination.

Concerning to the linear measures, MB
individuals presented lower average values
for the vertical posterior measurements before
surgery, which is in accordance with study by
Lessa et al.'> and Zucconi et al.'?, even in
case of children aged 6 or less. The high val-
ues of the craniomandibular angle, the angle
between the occlusal and mandibular plane,
and a vertical reduction in the posterior facial
height revealed a posterior rotation of the
mandible in MB'*. On the other hand, Breso-
lin et al.'? did not find alterations in the pos-
terior facial height in the MB patients.

It was observed a predominant dolichofacial
pattern in the MB group before surgery,
whereas nasal breathers tend to the mesofa-
cial pattern. These results are in agreement
with those reported by other authors''%'?
who stated that mouth breathers present the
dolichofacial pattern even in very young chil-
dren, whereas the majority of the nasal
breathers are mesofacial.

MB and NB groups were statistically differ-
ent only for the BaN.PtGn measurement
28 months on average following surgery pro-
cedure. It demonstrates a predominant doli-

chofacial pattern in the mouth breathers even
after the rehabilitation of the respiratory
pattern. Nevertheless, all other cephalometric
differences, previously detected at T1, were
compensated after the MB group surgery.

Kerr et al.*° reported that the angular differ-
ences observed between the MB and the con-
trol groups tended to normality 5 years after
adenoidectomy, in children aged between 8
and 13. In this study, mouth breathers
became less dolichocephalic in respect of the
general face features. Alterations in the mode
of breathing following adenotonsillectomy
also influenced the position of the mandible,
which resulted in a forward rotation of the
mandible and a decrease in its inclination in
relation to the cranial base and the palatal
plane. The mandibular ramus height and pos-
terior facial height showed the greatest pro-
portional increase®’.

The decreased posterior facial height in
mouth breathers was significantly corrected
after surgery. The anterior facial height was
similar between mouth and nasal breathers,
both before and after surgery. The growth that
occurred in this period was statistically similar
for both groups. Many studies have reported a
significant correlation between nasal resis-
tance and an increase in the anterior facial
height'*'®22 in children older than 6 years,
especially in the inferior anterior region'’.
Kerr et al*® and Hartgerink and Vig?’, how-
ever, did not find any relationship between
the nasal resistance and the facial height, nei-
ther before nor 5 years after adenoidectomy.

The discrepancy of the cephalometric mea-
surements during the study period revealed
that the MB group decreased the mandible
plane inclination, which turned its growth
direction more horizontal and tended to a
mesocephalic facial pattern, which approaches
the values found in the NB group. These
results show that if the breathing pattern is
normalized at an early age, the facial growth
responds to normality. This finding is in
accordance with some reports”®®2*2° in
which the authors have observed that the
mandible presents a more horizontal growth
direction after adenoidectomy.

Maxilla and mandible anteroposterior plane
increase was very similar between the MB

© 2011 The Authors

International Journal of Paediatric Dentistry © 2011 BSPD, IAPD and Blackwell Publishing Ltd



and the NB groups at Tl and T2, compared
with cranial base. The literature has brought
many controversial results in this respect, in
which either maxilla prognathism?® or retro-
gnathism’'*?” is reported in children older
than 6 years. In general, the airway surgery
did not lead to any change in the maxilla and
mandible horizontal growth, although there
are other studies®*® that agreed with our
findings.

According to what had been mentioned, it
is important to highlight that older patients
present more significant changes in face mor-
phology, occlusal features, and facial pattern.
In a younger group, aged 6 or less, there are
fewer differences between the facial patterns
of mouth-breathing and NB children. The
most evident alteration lies on higher inclina-
tion of the mandible, predominance of doli-
chofacial pattern, shortened posterior face,
and ramus mandibular height.

Two years postoperatively, all cephalomet-
ric measurements that were initially altered,
especially in respect to the mandible, tended
to normalize when compared with the control
group, although there was still a tendency
towards the dolichofacial pattern. In other
studies, it was pointed out that older children
who had their mode of breathing changed
through adenoidectomy or tonsillectomy had
a limited normalization of the muscular func-
tion and functional facial alterations. In this
active growth period, harmful consequences
can be overcome by changing the breathing
pattern, and as Hultcrantz et al.* stated, patients
submitted to airway relief at an earlier age,
before the first facial growth spurt, have a
more positive prognosis.

Many factors can contribute for the conti-
nuity of mouth breathing, such as allergic
rhinitis, a recurrent pharyngeal tonsil hyper-
trophy, and the persistence of the mouth
breathing. The great difference in this study
was the periodic evaluation by an otorhino-
laryngologic doctor during all the analysed
period, which confirms that the studied group
had maintained NB after surgery. Those chil-
dren who persisted with mouth breathing,
whatever the cause was, were excluded.

Another factor to be considered is the age
at which the surgical intervention should be

© 2011 The Authors
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performed. In our study, surgery was carried
out around 3 or 4 years of age with excellent
results concerning to the skeletal features.
The normal growth pattern was regained by
these mouth-breathing patients who were
submitted to the surgical removal of palatine
and/or pharyngeal tonsils. It would be, how-
ever, interesting to evaluate whether chil-
dren, after 6 years old, submitted to a later
surgical intervention could have the same
benefit as in this age group.

Conclusion

Before surgery, the mouth breathers presented
a larger inclination of the mandible plane in
relation to the cranial base and palatal plane, a
more obtuse gonial angle, a decreased poster-
ior facial height, and a predominant dolicho-
facial pattern when compared with nasal
breathers. After surgery, 3- to 6-year-old chil-
dren still persisted with dolichofacial pattern
when compared with nasal breathers, even
though there was a significant normalization
in the growth direction of the MB group, a
decrease in the inclination of the mandibular
plane and in the gonial angle, and an increase
in the posterior facial height. The difference
between the studied groups reached a signifi-
cant similarity after respiratory correction on
28 months average.

What this paper adds

e The paper provides information about the skeletal
alterations that can happen in MB children between 3
and 6 years old.

It also points out the importance of an early treatment
in the nasal obstruction that leads to mouth breathing.
After the improvement in the mode of breathing,
there is a positive and spontaneous response of the
skeletal pattern in children between 3 and 6 years old.

Why this paper is important to paediatric dentists
e The paper points out that paediatric dentists should
recognize the importance to early diagnosis and indi-
cate the MB children for a otorhinolaringologist treat-
ment.

It highlights the alterations that the MB can cause in
the children’s face growth even at an early age.

It can be verified in this paper that if the breathing
pattern is early modified through an otorhinolaringolo-
gist treatment, most of the skeletal alterations can be
spontaneous corrected.
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