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A B S T R A C T

Objective: To measure the maxillary dentoskeletal and soft tissue changes of severely obstructed mouth
breathing (MB) young children who had their mode of breathing normalized after adenotonsillectomy
(T&A), in comparison with a matched group of severely obstructed untreated MB children (CG).
Methods: Seventy patients who had an Ear, Nose, and Throat examination (ENT), including flexible nasal
endoscopy, to confirm the severe obstruction of the upper airways and the indication of T&A composed
the sample. Cephalograms and dental casts were available from the patient’s orthodontic records. Treat-
ment group (TG) and CG included 35 children each. Groups were matched by gender (24 males and 11
females in each group), age (TG, 6.7 ± 1.8 years; CG, 6.9 ± 2.3 years), tooth development (TG, 13 primary
dentition, 22 mixed dentition; CG, 14 primary dentition, 21 mixed dentition), and skeletal maturation
status. Records were taken at baseline (T0) and 1-year after T&A (T1) for TG; while CG records were taken
with a 1-year interval. Dentoskeletal measurements were performed in the lateral cephalograms, and
dental casts were used to assess the palatal volume and occlusal changes.
Results: TG showed a significant increase (503.3 mm3, P < 0.001) in the palatal volume (10% of change),
while CG palatal volume was stable. No dimensional occlusal changes were detected between T0 and
T1 in both groups. Significant downward (point A, 2.1mm; ANS, 2.1mm) and forward displacements (point
A, 0.7 mm; ANS, 1 mm) of the anterior region of the maxilla were observed in the TG, but CG presented
only significant downward displacement (point A, 1.8 mm; ANS, 1.4 mm). The maxillary posterior region
(PNS, PTM, and Molar) displaced downward in both groups (P < 0.05), however no sagittal change was
found. The palatal plane inclination was stable in both groups.
Conclusions: TG presented significant increase in the palatal volume and in the forward displacement
of the maxilla. No other significant maxillary dentoskeletal changes were found.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Despite the controversies that exist about the influence of mouth
breathing (MB) on dentofacial growth [1], maxillary morphologi-
cal abnormalities are expected in patients with airway problems
[2–8]. MB allows the tongue to set in a low position in the oral cavity,
resulting in unbalanced forces between external pressure (cheeks)
and internal pressure (tongue) [9]. Also, the failure of the natural
process of continuous airflow through the nasal passage during

breathing removes the physiological stimulus for the lateral growth
of the maxilla and for lowering of the palatal vault [4,10].

The most common etiology of MB in young children is the ob-
struction of the upper airways caused by hypertrophic adenoids and
tonsils [11]. In the early years of the 20th century surgical removal
of tonsils was overused [12,13], which made the Otolaryngolo-
gists (ENTs) to re-think the indications for adenotonsillectomy (T&A),
and for many decades to adopt a more conservative management
of the upper airway obstructive hypertrophic tissues [12,14]. Today,
because there is evidence that quality of life in children with a sur-
gical indication for symptomatic adenotonsillar hypertrophy is
significantly improved with T&A [14,15], such surgical procedure
is very common in children [16]. In the decision process of refer-
ring an MB children to T&A, many times orthodontists are required
to provide to the ENTs their opinion about the benefit of surgical
approach on facial growth, dental occlusion, and quality of life [15,17].
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Much emphasis has been given to mandibular rotation and de-
velopment in MB [11,18,19], and to the impact of T&A [20]. However,
reports of the changes in the nasomaxillary complex and of adja-
cent soft tissues that are functionally involved are less frequent [4,21].
Moreover, investigations on the dentoskeletal changes of the maxilla
after the surgical correction of the mode of breathing have been ne-
glected, and objective data are rare [20–24]. Previous longitudinal
studies have shown that surgical treatment of nasal obstruction in
growing individuals may result in a facial development closer to a
normal pattern [25,26].

At this point, some questions still have no objective answers:

(1) Is the maxilla affected in the sagittal and vertical positions
1-year after the T&A?

(2) Does the palatal volume change significantly when themouth
breathing habit is interrupted?

Therefore, the aim of this retrospective study was to quantify
1-year post T&A the changes of the maxilla in a group of children
who had a normalization of the mode of breathing when com-
pared with an untreated control group of severely obstructed MB
children.

2. Materials and methods

Approval for this study was obtained from the Institutional
Review Board of the Federal University of Minas Gerais, Belo Hori-
zonte, Brazil. The participant’s rights were protected, and informed
consent was obtained according to the Ethics Committee of the
Federal University of Minas Gerais.

2.1. Population

The sample consisted of 70 children, ranging from 3.5 to 12.9
years of age referred by pediatricians and primary care physicians
to the Federal University of Minas Gerais, with a diagnosis of MB.
An interviewwith children’s parents, or guardians, asking about the
quality of the children’s sleep, snoring, and oral breathing con-
firmed the “chief complaint” of MB. Ear, Nose, and Throat (ENT)
clinical and endoscopic assessment confirmed that all children pre-
sented significant airway impairment with T&A indication. Tonsils
had obstructive Brodsky and Koch [27] grades 3 and/or 4; while ad-
enoids obstructed more than 80% of nasopharyngeal airway. None
of the children had undergone T&A previously.

At the beginning of this study, 27 children (22 males and 5
females) were in deciduous dentition and 43 (26 males and 17
females) presented in mixed dentition. The treatment group (TG)
was comprised of those 35 children with a mean age of 6.7 ± 1.8
years whose surgical procedure was immediately authorized bymu-
nicipality public healthy service. The control group (CG) consisted
of 35 patients (24males and 11 females, with amean age of 6.9 ± 2.3
years) who lived in an adjacent town in the same district of TG, but
who had to wait more than 1 year for the surgical authorization by
the public healthy system, following another public bureaucratic pro-
tocol. CG matched the TG as to the mean age at baseline, gender
distribution, cervical vertebral maturation (CVM) [28], tooth de-
velopment and mean duration of observational periods (Table 1).

The surgical effects onmouth breathing habits of TG childrenwere
determined with the same ENT criteria used pre-surgically. Nor-
malization of the MB pattern was confirmed by parents’ report
during bimonthly visits along with the 1-year post-surgical con-
sultations. Clinical examination, including flexible nasoendoscopy,
was performed one-month post-surgery, and then approximately
1-year post-surgery. All CG patients kept their MB habit during the
1-year period, as reported by their parents quarterly.

2.2. Cephalometric analysis

Standard lateral cephalometric radiographswere obtained to eval-
uate the skeletal characteristics of the two groups. Cephalometric
records in the TG were taken before surgery (T0), and then at ap-
proximately 1-year post-operatively (T1). For the CG corresponding
cephalometric radiographs were available at baseline and approx-
imately 1-year after (T0 and T1, respectively). For each child, both
radiographs were taken with the same equipment. Cephalograms
were hand-traced using a 0.3-mm lead pencil on 0.003-mmmatte
acetate tracing paper. All tracings were performed by one investi-
gator, and subsequently re-traced by a senior investigator, in random
order. If any disagreement appeared between the two investiga-
tors, a common decision was taken for the final landmark
identification. The hand-traced cephalograms were scanned using
a professional table scanner (HP Scanjet G4050, Palo Alto, CA, USA),
with resolution set to 300 dots per inch (dpi) gray scale. Comput-
er aided measurements were performed using ImageJ [29,30].

The assessment of treatment results was based on a previously
described reference system traced through craniofacial stable struc-
tures [31]. First, the stable basicranial line (SBL) was traced through
the most superior point of the anterior wall of sella turcica at the
junction with tuberculum sellae (point T), and of the FMN point
(fronto-maxillary-nasal suture). The next step was the identifica-
tion of the following 5 skeletal landmarks, as shown in Fig. 1: (1)
Point A (A), (2) Anterior Nasal Spine (ANS), (3) Posterior Nasal Spine
(PNS), (4) Pterygomaxillary fissure (PTM), and (5) Molar (5).

Then, the following angular and linear measurements were per-
formed (Fig. 1):

(A) ANS-SBL: perpendicular distance of the Anterior Nasal Spine
to the SBL, corresponding to the anterior height position of
the maxilla.

(B) PNS-SBL: perpendicular distance of the Posterior Nasal Spine
to the SBL, corresponding to the posterior height position of
the maxilla.

(C) A-SBL: perpendicular distance of the A point to the SBL, cor-
responding to the anterior maxilla height position.

(D) 5-SBL: perpendicular distance of the most occlusal and distal
cusp of the second deciduous molar or the most mesial and
occlusal cusp of the first permanent molar to the SBL.

(E) PTM-SBL: perpendicular distance of the highest andmost pos-
terior point of the pterygomaxillary fissure to the SBL.

(F) ANS-SBLv: perpendicular distance of the Anterior Nasal Spine
to the SBLv, line constructed orthogonally to SBL, correspond-
ing to the anterior–posterior position of the maxilla.

(G) PNS-SBLv: perpendicular distance of the Posterior Nasal Spine
to the SBLv, line constructed orthogonally to SBL, correspond-
ing to the anterior–posterior position of the maxilla.

(H) A-SBLv: perpendicular distance of the A point to the SBLv, line
constructed orthogonally to SBL, corresponding to the
anterior–posterior position of the maxilla.

(I) 5-SBLv: perpendicular distance of themost occlusal and distal
cusp of the second deciduous molar or the most mesial and
occlusal cusp of the first permanent molar to the SBLv, line
constructed orthogonally to SBL.

Table 1
Comparison of demographic characteristics in treated group (TG) and control group
(CG).

Group Mean age
at T0

SD T0 Mean age
at T1

SD T1 Diff
T1-T0

SD Diff
T1-T0

Treated 6.9 2.3 7.71 2.04 1.12 0.23
Control 6.7 1.8 8.18 2.01 1.13 0.33
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(J) PTM-SBLv: perpendicular distance of the highest and most
posterior point of the pterygomaxillary fissure to the SBLv,
line constructed orthogonally to SBL.

(K) (ANS-PNS)-SBL: angular measurement between the SBL and
the palatal plane (ANS-PNS). This angle measures the incli-
nation of the palatal plane.

2.3. Cast analysis

Study casts were available for 41 children (28 for TG, and 13 for
CG) at T0 and T1. Five dental arch dimension measurements (max-
illary intercanine width, intermolar width, dental arch length, dental
arch perimeter, and palatal depth) were recorded by one examin-
er and checked by the senior author, as reported elsewhere [26]. A
digital caliper (4 in, model 47256; Cen-Tech, Pittsburgh, PA, USA),
accurate to 0.01 mm, was used in the measurements. The evalua-
tions were performed at T0 and repeated at T1. Measurements
associated with exfoliated teeth were considered missing values for
the subject.

To reduce the effect of accidental errors and improve reliabili-
ty, the mean of 3 consecutive measurements, which were accepted
only if they differed by less than 0.5 mm, was used for the calcu-
lations. The correlation coefficient between the 3measurements was
greater than 0.96 for all variables.

To assess the changes in the palatal volume, a modeling com-
pound (Play-Doh® Hasbro, Pawtucket, RI, USA) of a known density
of 1.255 was used. The density (ρ), of a substance is defined as the
mass per unit volume. (ρ =m/V), wherem is the mass, and V is the
volume. The compound molded the entire palatal concavity (Fig. 2).
The most superior aspect was the palatal roof. The posterior limit

was tangent to the distal surface of the maxillary right and left de-
ciduous secondmolars, perpendicular to the palatal plane. The palatal
plane was the most inferior aspect for the volumetric measure-
ment, and it was constructed with the reference of the tips of the
palatal cusps of the posterior teeth, and the marginal ridges of the
incisors. The palatal plane was flat, as shown in Fig. 2. The mass of
the compound was weighted using a professional digital scale (An-
alytic Scale, Gehaka, São Paulo, Brazil). With both m and ρ, it was
calculated the V at T0 and T1.

Dental casts were scanned (3DShape R700, Great Lakes Orth-
odontics, Tonawanda, NY, USA), and .stl format files were transferred
into 3D Slicer software [32]. Using the closest point color-coded
surface distance map, with a color scale range of 2 mm, with the
sensibility of identifying 1mm of change, the interactive visual ana-
lytics included graphic display assessment of the 3D changes in the
palatal volume.

2.4. Statistical analysis

The data were analyzed using SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA). Based on the results of the Kolmogorov–Smirnov
and Levene tests, the assumptions of normality and homoscedasticity
were evaluated to decide whether to use parametric (indepen-
dent t-test) or non-parametric (Mann–Whitney) comparison of the
means and medians of the two groups. Chi-square test and inde-
pendent t-test were used to verify the similarity of T&A and CG
samples. A P < 0.05 indicated statistical significance.

To determine errors in landmark identification and measure-
ments, 25 randomly selected head films were retraced, and repeated
measurements were taken by the same investigator, and subse-
quently verified by the same senior investigator, in random order
after an interval of at least two weeks. To determine errors in the
dental arch measurements, the same examiner remeasured 52 ran-
domly selected dental casts at least 1 month later. The operators
were blinded to time period and group. Random error was calcu-
lated using Intra Class Correlation coefficient, two-waymixedmodel,
consistency type, with a confidence interval of 95% (ICC). System-
atic error (bias) was assessed using the paired t-test, for P < 0.05.
The random errors were calculated using ICC, and the systematic
errors (bias) were assessed using the paired t-test, for P < 0.05.

The power of the study for the independent sample t test was
calculated on the basis of the sample size of 2 groups and an effect
size for the primary endpoint (ANS-SBL) equal to 0.68 [33]. The
power was 0.80 at an alpha level of 0.05 (SigmaStat 3.5, Systat Soft-
ware, Point Richmond, CA, USA).

3. Results

The ICC ranged from 0.87 (PTM-SBLv) to 0.98 (A-SBLv,
PNS-SBL, Palatal volume). The systematic error for the linear mea-
surements ranged from 0.004 mm (ANS-SBL) to 0.480 mm (PTM-
SBL), for the angular measurements was 0.08 degree (PP-SBL), and
for the volumetric measurement was 3.7mm3 (palatal volume). The
P-value for the paired t-test ranged from 0.117 (PTM-SBL) to 0.932
(PP-SBL) (Table 2).

At T0, the mean age of TG was 6.8 years (SD: 1.76), and 6.9 years
(SD: 2.27) for the CG. The age distribution of the subjects in the TG
and CG showed no statistical difference at T0 and T1 (P > 0.05). The
gender distribution within the two groups was not significantly dif-
ferent (χ2, P > 0.05). The homogeneity between TG and CG with
regard to mean age, sex distribution, and stage of dentition at T0
permitted comparison of these groups with regard to the facial
dentoskeletal change differences between T1 and T0 for all the
variables.

One year after T&A, it was found that:

Fig. 1. Cephalometric landmarks (1–5), and linear and angular measurements (A–K).
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3.1. Maxilla displaced forward

Table 2 displays the comparison of the dentoskeletal maxillary
displacement between T1 and T0 in TG and CG. All the linear and
angular cephalometric skeletal measurements had statistically sig-
nificant changes between T0 and T1 in the TG except for PNS-
SBLv, PTM-SBLv and PP-SBL. With regard to that, in the CG
statistically significant changes were found only in ANS-SBL, A-SBL,
PTM-SBL, and PNS-SBL.

3.2. Palatal volume increased

Table 3 displays the comparison of the palatal volume increase
between T1 and T0 in TG and CG. The palatal volume had a statis-
tically significant change between T0 and T1 in the TG (P < 0.001).
With regard to that, in the CG no statistically significant change was
found (P = 0.811). Comparing the changes of the dentoskeletal vari-
ables of TG and CG in the time-lapse from T0 to T1, statistically
significant changeswere found in PNS-SBL (P-value 0.008) and Palatal
volume (P-value 0.029). TG showed a higher distance between PNS
and SBL than CG (1.8mmvs. 1.1mm, difference = 0.7mm). Fig. 3 pres-
ents the color maps of two patients that illustrate the 3D changes
of the palatal surface in MB children. Fig. 3A shows a patient from
the TG, with the blue color indicating outward movement of the
palatal walls along the 1-year following T&A. Dark blue repre-
sents changes of 2 mm, while light blue indicates 1 mm of outward

Fig. 2. (A) The palatal plane was constructed with the reference of the tips of the palatal cuspids of the posterior teeth, and the marginal ridges of the incisors. (B, C) The
compound molded the entire palatal concavity. The most superior aspect was the palatal roof. The posterior limit was tangent to the distal surface of the maxillary right
and left deciduous second molars, perpendicular to the palatal plane. (D) The mass of the compound was weighted using a professional scale.

Table 2
Reliability of cephalometric and dental cast measurements.

Measurement Random
error

Systematic error –
paired t test

ICC Error P-value

Dentoskeletal cephalometric measurement
ANS-SBL (mm) 0.96 0.004 0.88
ANS-SBLv (mm) 0.97 0.2 0.503
A-SBL (mm) 0.97 0.02 0.233

Cephalometric
A-SBLv (mm) 0.98 0.12 0.641
PNS-SBL (mm) 0.98 0.16 0.327
PNS-SBLv (mm) 0.95 0.16 0.574
5-SBL (mm) 0.97 0.2 0.38
5-SBLv (mm) 0.94 0.08 0.779
PTM-SBL (mm) 0.89 0.48 0.117
PTM-SBLv (mm) 0.87 0.04 0.908
PP-SBL (degree) 0.97 0.08 0.932

Dental cast measurement
Palatal volume (mm3) 0.98 3.66 0.88
Maxillary intercanine width (mm) 0.99 0.009 0.48
Maxillary second molar width (mm) 0.94 0.129 0.321
Maxillary dental arch perimeter (mm) 0.98 0.21 0.26
Palatal depth (mm) 0.99 0.03 0.155

Notes: Data are reported as Intraclass Correlation Coefficients (ICC). Error and P-value.
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movement of the palatal surface from T0 to T1. Fig. 3B shows a
patient from the CG, with no dimensional changes along the palatal
surface between T0 and T1 (predominantly green color). The ex-
foliation of primary teeth, and the eruption of permanent incisors
and first molars are identified by the dark blue and red colors,
respectively.

3.3. Major occlusal changes were not found

For the dental casts, statistically significant changes between T0
and T1 in the TG were found in: maxillary intercanine width
(P < 0.001), and maxillary intermolar width (P = 0.002). In the CG
statistically significant changes happened in maxillary intercanine
width as well (P < 0.001), and maxillary dental arch perimeter

(P = 0.001). Comparing the changes of the dentoskeletal variables
of TG and CG in the time-lapse from T0 to T1, statistically signifi-
cant changes were not found.

4. Discussion

The current investigation presents novel information to the lit-
erature, what we can expect in regard to the maxillary changes after
the normalization of themode of breathing. After analyzing the three
dimensions of the maxilla of a significant sample of MB children
who were exposed to two opposing situations (the normalization
of the mode of breathing by means of surgical approach, and the
continuation of the impaired upper airways), it was found that the
palatal volume increased, and the anterior region of the maxilla

Table 3
Comparison of dentoskeletal changes along the time (T1-T0) in treated group (TG) and control group (CG).

Measurement Group T1-T0
(mean)

SD CI 95% P-value
intra-group

P-value
inter-groups

ANS-SBL (mm) TG 2.06 1.19 1.65 2.46 <0.001 0.092
CG 1.4 1.94 0.73 2.07 <0.001

ANS-SBLv (mm) TG 1.0 1.77 0.39 1.61 0.002 0.607
CG 0.74 2.36 −0.07 1.55 0.071

A-SBL (mm) TG 2.09 1.63 1.52 2.64 <0.001 0.527
CG 1.77 2.43 0.94 2.6 <0.001

A-SBLv (mm) TG 0.69 1.78 0.07 1.3 0.029 0.537
CG 0.43 1.69 −0.15 1.01 0.142

PNS-SBL (mm) TG 1.77 1.09 1.4 2.14 <0.001 0.008
CG 1.11 0.9 0.81 1.42 <0.001

PNS-SBLv (mm) TG −0.6 2.66 −1.51 0.31 0.191 0.34
CG −0.09 1.72 −0.68 0.51 0.77

5-SBL (mm) TG 2.63 2.49 −3.48 −1.77 <0.001 0.085
CG 1.8 1.3 1.35 2.24 <0.001

5-SBLv (mm) TG 1.51 2.59 0.62 2.41 0.001 0.142
CG 0.52 3.02 −0.52 1.55 0.321

PTM-SBL (mm) TG 0.43 1.22 −0.85 −0.01 0.045 0.308
CG 0.77 1.55 −1.31 −0.24 0.006

PTM-SBLv (mm) TG 0.31 1.51 −0.2 0.83 0.227 0.224
CG −0.08 1.2 −0.5 0.33 0.675

PP-SBL (degree) TG 0.35 1.78 −0.96 0.26 0.256 0.67
CG 0.53 1.85 −1.17 0.1 0.096

Palatal volume (mm3) TG 503.25 613.56 265.33 741.16 <0.001 0.029
CG 40.16 591.84 −317.49 397.81 0.811

Maxillary intercanine width (mm) TG 1.15 0.97 0.75 1.55 <0.001 0.715
CG 0.93 0.46 0.63 1.23 <0.001

Maxillary second molar width (mm) TG 0.5 0.69 0.2 0.8 0.002 0.305
CG 0.26 0.46 −0.03 0.56 ns

Maxillary dental arch perimeter (mm) TG 1.06 3.25 −0.26 2.37 ns 0.144
CG 2.59 2.11 1.25 3.94 0.001

Palatal depth (mm) TG −0.17 0.81 −0.5 0.17 ns 0.33
CG 0.11 0.34 −0.14 0.34 ns

Notes: Data are reported as mean, standard deviation (SD), confidence interval (CI) difference at 95%, and P-value.

Fig. 3. (A) TG patient with the blue color indicating outward movement of the palatal walls along the 1-year following T&A. (B) CG patient with no dimensional changes
along the palatal surface between T0 and T1 (predominantly green color). (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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displaced forward significantly in treated subjects. Such data can
contribute to the understanding of both the etiologic participa-
tion of severe airway obstruction as well as the contribution of T&A
surgery on the developmental changes of themaxillary dentoskeletal
structures and soft tissues in young growing patients. Previous
studies have already demonstrated that, in comparison with nasal
breathing (NB), MB children are more prone to have smaller arch
dimensions, and a greater palatal depth [4,31–34]. Moreover, MB
may present a lower sagittal and vertical displacement of themaxilla
[1,35,36]. But a comprehensive 3D assessment of the impact of T&A
in the maxillary facial and dentoskeletal mid-face was not re-
ported before.

The downward and forward displacements of the anterior part
of the maxilla (ANS and point A) after 1-year of observation were
statistically significant between T0 and T1 in both the TG and CG
(TG, 2.1 mm vs. CG, 1 mm for ANS-SBL; TG, 1 mm vs. CG, 0.7 mm
for ANS-SBLv; TG, 2.1 mm vs. CG, 1.8 mm for A-SBL; TG, 0.7 mm vs.
CG, 0.4 mm for A-SBLV). However, such changes were not statisti-
cally significant in the comparison of TG and CG (P > 0.05). The
cephalometric posterior limit of the maxilla (PNS) had a signifi-
cant downward displacement in young children of both groups (TG,
1.8 mm vs. CG, 1.1 mm), while the pterygomaxillary fissure dis-
placed more in untreated patients (TG, 0.4 mm vs. CG, 0.8 mm).
Additionally, our results showed that restoring a correct mode of
breathing did not affect sagittally the posterior region of the maxilla.
In the current investigation, not any change wasfound in the sag-
ittal position between T0 and T1 for both groups (PNS-SBLv,
PTM- SBLv, P > 0.05). The pterygomaxillary fissure remained stable
sagittally, in accordance with Moore [6], who reported no changes
in its position when the patients are not subjected to orthodontic
forces.

The position of the second deciduous molar followed the dis-
placement of the maxilla. Changes in TG and CG were so small to
be clinically and statistically discriminant (5-SBL, TG, 2.6mm vs. CG,
1.8 mm, P > 0.085; 5-SBLv, TG, 1.5 mm vs. CG, 0.5 mm, P > 0.142).

As already reported in literature [3,4,6,26,37], the impact of upper
airway obstruction on the craniofacial complex results in a
retrognathic position of the jaws. We found that the normaliza-
tion of the mode of breathing, in the TG, allowed the maxilla to get
an increased displacement on the sagittal plane. We can infer that
patients who got T&A could benefit the forward displacement of
the maxilla.

In the present investigation not any significant changewas found
in the dimensions of the dentoalveolar arch, both in TG and CG. The
maxillary intercanine and second deciduous molar distances, and
the palatal depth are fairly stable, suggesting that 1- year after the
normalization of the mode of breathing the spontaneous occlusal
changes in the maxilla are not likely to happen. The dimensional
changes illustrated by colormapping between surface distances from
T0 to T1 in TG and CG patients clearly show that despite dental po-
sitionalmodificationswerenot found inbothgroups, bone remodeling
can be seen in TG subjects along the palatal wall. 3D visual analysis
also shows that the deepest region of the palatal roof was notmodi-
fied after 1-year of T&A, which explains why the palatal depth
measurement was the same at T0 and T1, which is in agreement
with previous reports [25]. However, in CG the dental arch perim-
eter went under a significant increase in its length compared to TG.
It is probably associated with the higher proclination of the ante-
rior teeth in the young children thatwere keeping the impairedmode
of breathing [4]. Our data are clear on the fact that the volume of
the palatal region increased significantly after T&A. The group of
patients who had undergone surgery presented a statistically sig-
nificant change in the palatal volume; while the control group had
only aminor increase (P > 0.811). Such volumetric changemight be
derived from the remodeling in the shape of roof of the palate,which
is in accordance with Vieira et al [9] and Peltomäki [10].

The 1-year follow-up might not be enough time for all possible
changes in the naso-maxillary complex, and thus a prospective clin-
ical trial, with a longer observational period that would give more
information on the additional effects. Unfortunately, a longer ob-
servational period would be not feasible in terms of a study design
including a real control group, either because of the ethical issues
of following up untreated patients for a long time, or because the
adenotonsillar hyperplasia is a transitory condition, with a self im-
provement. Our findings suggested that T&A contribute up to a
certain point to the morphologic development of the maxilla after
1-year of surgical approach, and validate previous described find-
ings [22–24]. It is clear that the airway obstruction relief in children
had some influence in the facial cranial development during the first
year after the change from MB to NB.

5. Conclusion

Based on this study’s results, the following conclusions can be
made:

1. The palatal volume increased after T&A, but spontaneous oc-
clusal changes in the maxilla are not likely to happen;

2. The maxilla presented a significant forward displacement in
young children who gained a normal mode of breathing after
the T&A;

3. No other maxillary dentoskeletal changes were found.
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