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ABSTRACT
Cone-beam computed tomography evaluation of upper airway, dental arches
dimensions and buccolingual inclination through of cases treated with Damon
System
Introduction: The aim of this study was to assess changes in upper airway, dental
arches dimensions and buccolingual inclinations of teeth in patients treated
orthodontically with the Damon system. Material and Methods: Twenty-one patients
of both sexes, mean initial age of 14.99 ± 1.97 years, with complete permanent
dentition up to second molars, treated with non-extractions and minimum initial
crowding of 4mm (maxillary: -6.71 ± 2,99 mm, mandibular: -5,12 ± 2,03 mm were
taken to CBCT scan before (T1) and after (T2) orthodontic treatment with the Damon
System. The volume, sagittal area and minimum axial area of the upper airway were
measured in sagittal and axial sections by means of the upper airways analysis tool
of Dolphin Imaging® software. Buccolingual inclinations were performed using
CBCT-panoramic cross-sectionals based on the image that presented the most
appropriate view of buccal face of the clinical crown. Arches dimensions were
measured by means of 2D axial and coronal sections in 3D reconstructions. The
reference points used were buccal and mesiobuccal cusp tips for the premolars and
molars respectively. Distribution of the variables was verified by Shapiro-Wilk test.
Changes in all variables from T1 to T2 were compared using paired t-test. The
correlation between the upper airway changes with buccolingual inclinations of teeth
and arches dimensions was verified by the Pearson correlation coefficient. Results:
There was a significant increase in maxillary interfirst premolar, intersecond
premolar, interfirst molar and intersecond molar width and the length with significant
incisors and premolars labial inclinations. In the mandibular arch there was a
significant increase of intercanine, interfirst premolar, intersecond premolar, inferfirst
molar and intersecond molar width with significant buccal inclination at posttreatment,
exception of the canine and the first molar of the left side. There was no significant
increase in the length of the mandibular arch. There was no statistically significant
difference in upper airway sagittal area, minimum axial area and volume changes
after treatment. Conclusion: It can be concluded that Damon System produced a
significant transversal increase in the posterior region of the arches with differences
in teeth buccolingual inclinations at posttreatment. There were no significant
differences in the upper airways; however, there was a significant negative
correlation between the changes of length of mandibular arch and the sagittal area
and volume airway.
Key-words: Orthodontic Brackets. Cone-Beam Computed Tomography. Oropharynx.

RESUMO
Avaliação das vias aéreas superiores, dimensões dos arcos dentários e
inclinações vestibulolinguais através de Tomografia Computadorizada Cone
Beam em casos tratados com o Sistema Damon.
Objetivo: Avaliar as alterações do volume e da área das vias aéreas superiores, as
dimensões transversais e o comprimento dos arcos dentários e as inclinações
dentoalveolares em pacientes tratados ortodonticamente com o sistema Damon.
Material e métodos: A amostra foi constituída de tomografias computadorizadas
cone beam (TCCB) iniciais (T1) e finais (T2) de 21 pacientes com idade inicial média
de 14,99 anos (DP 1,97), má oclusão de Classe I de Angle, apinhamento mínimo de
4mm (superior: -6,71mm (DP 2,99), inferior: -5,12mm (DP 2,03), dentadura completa
até segundos molares, tratados ortodonticamente sem extrações com braquetes
autoligáveis do sistema Damon. As tomografias computadorizadas foram importadas
no formato DICOM para o programa Dolphin Imaging® para análise das varáveis. O
volume, área e área axial mínima das vias aéreas superiores foram mesuradas nos
cortes sagital e axial por meio da ferramenta upper airways analysis do software
Dolphin Imaging®. Para mensuração das inclinações dentárias, foram utilizados
cortes parassagitais gerados a partir da imagem panorâmica da TCFC. As medidas
foram realizadas a partir do ângulo formado pela linha vestibular da coroa clínica
(LVCC) e o bordo superior ou inferior da imagem selecionada. As dimensões
transversais dos arcos foram mensuradas por meio de cortes axiais das
reconstruções 3D. Para os premolares, foram utilizadas como referência as pontas
de cúspide vestibular e para os molares as pontas de cúspide mesiovestibular. As
variáveis foram submetidas ao teste de Shapiro-Wilk para testar sua distribuição. As
alterações de todas as variáveis de T1 para T2 foram comparadas por meio dos
testes t-pareado. A correlação entre as alterações das vias aéreas superiores com
os possíveis fatores associados foi verificada pelo coeficiente de correlação de
Pearson. Resultados: Houve um aumento significativo das distâncias transversais
4-4 / 5-5 / 6-6 / 7-7 e do comprimento do arco superior com inclinações vestibulares
significativas dos incisivos e pré-molares. No arco inferior houve um aumento
significativo das distâncias transversais 3-3 / 4-4 / 5-5 / 6-6 / 7-7 sem inclinação
vestibular significativa apenas do canino e do primeiro molar do lado esquerdo. Não
houve aumento significativo do comprimento do arco inferior. Não houve diferença
estatisticamente significante da área, área axial mínima e volume das vias aéreas
pós-tratamento. Conclusão: Pode-se concluir que o Sistema Damon produziu um
aumento transversal significativo na região posterior dos arcos com diferenças nas
inclinações dentárias. Não houve diferenças significativas nas vias aéreas
superiores, entretanto, houve significante correlação negativa entre as alterações
comprimento do arco inferior com a área e o volume das vias aéreas.
Palavras chave: Ortodontia. Aparelhos Ortodônticos. Tomografia Computadorizada
de Feixe Cônico.
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1 INTRODUCTION

First self-ligating brackets emerged in the 1930s with the aim of reducing the
time of insertion and removal of orthodontic wires responsible for tooth movement.
Since an early stage in the development of self-ligating brackets, authors have
proposed some advantages. They allow to perform teeth alignment and leveling
more effectively, with a relatively reduced chair time and less need for dental
extractions, in cases of significant crowding compared with conventional edgewise
brackets(BIRNIE, 2008).
When there is a discrepancy between the teeth size and the arches perimeter,
the presence of dental crowding is a clinical sign characteristic of this alteration. In
these cases the treatment is based on the obtaining of spaces that can be generated
by interproximal wear, increase of the arches width and extractions of dental groups.
The treatment without dental extractions in cases of crowding result in arches
expansion an increase of the interdental distances of the posterior and intercanine
teeth, besides the increase of the arch length with the buccal inclination of the
anterior teeth (WEINBERG; SADOWSKY, 1996; ISIK et al., 2005).
The Damon system gained popularity due to the creators statement that their
low-friction ligating system, associated with orthodontic wires, which have a greater
transverse dimension and high resilience, creates a system of light forces that allows
the teeth to accommodate into the bone structures, promoting posterior expansion of
the dental arch without incisors buccal inclination with no periodontal damage,
claiming that alveolar bone would follow the tooth movement (DAMON, 1998a). The
evidence for incisor proclination from a recent meta-analysis indicated that selfligating brackets resulted in slightly less mandibular incisor proclination (1.5°) and a
few studies have suggested greater increases in intermolar widths with self-ligating
brackets

(FLEMING

et

al.,

2009;

CHEN

et

al.,

2010;

PANDIS;

POLYCHRONOPOULOU; ELIADES, 2010). However, others studies showed that
Damon brackets produced significant labial inclination of the mandibular incisors
similar to conventional brackets and other types of self-ligating brackets (PANDIS;
POLYCHRONOPOULOU; ELIADES, 2007; PANDIS et al., 2010; VAJARIA et al.,
2011).
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Rapid Maxillary Expansion (RME) is a widely used treatment approach to
increase the transverse dimension of the maxillary arch in adolescents and its
effectiveness to treat obstructive apnea syndrome in children has been reported
(VILLA et al., 2007; VILLA et al., 2011). One study demonstrated that RME in
children with maxillary constriction and posterior crossbite changed the low tongue
posture after intermolar distance expansion (OZBEK et al., 2009). Other study
evaluated the tongue posture and pharyngeal enlargement as secondary effects of
rapid maxillary expansion by cone-beam computed tomography. In patients that had
low tongue’s posture, the authors suggested there was improve in tongue position
after RME. It were found reducing of intraoral airway volume after maxillary
expansion, and this reduction probably occurred due the tongue’s contact in the
palate without a gap (IWASAKI et al., 2013). As the anterior oropharynx wall consists
of very movable structures such as the tongue and the hyoid bone (TARKAR et al.,
2016), there was a hypothesis that airway volume increases after maxillary
expansion due to changes on tongue posture.
Maxillary expansion produced by the Damon system compared with the RME
in the correction of the dental crowding was reported recently. The study concluded
that the two treatment protocols produced a transversal increase of the maxillary arch
with buccal dental inclination, with a higher premolars inclinations in patients treated
with the Damon system (YU et al., 2008). The literature has reported that these
effects are related to the shape of the orthodontic wires used by the Damon system
for the alignment and leveling of the arches and not by the type of bracket used
(ATIK et al., 2016).
Other studies have demonstrated the dental arch changes produced by the
Damon system, but the heterogeneity of the methodologies make it difficult to
visualize these changes. The reliability of superpositions in 2D cephalograms to
determine the changes occurring by the treatment is uncertain. (BAUMRIND;
MILLER; MOLTHEN, 1976) Cone-beam computed tomography (CTBC) presents a
higher image quality and allows to evaluate the dimensional and morphological
changes produced by the treatment in the three dimensions of the space, in addition
to presenting a minimum dose of radiation when compared to medical computed
tomography and magnetic resonance imaging (LUDLOW; IVANOVIC, 2008;
CATTANEO et al., 2011).
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Due to the similarity of the dentoalveolar alterations produced in the maxillary
arch by RME and the Damon System, the aim of this study was to evaluate the
transversal changes of dental arches, the dental movement pattern and its influence
on the dimension of the arches and upper airway volume, sagittal area and minimum
axial area using a CBCT in patients treated with Damon System.
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The articles presented in this Thesis were written according to the American
Journal of Orthodontics and Dentofacial Orthopedics instructions and guidelines for
article submission (Annex C).

•

Article 1 - Evaluation of upper airway and dental arches dimensions in cases
treated with Damon System: A CBCT study.

•

Article 2 - Evaluation of dimensional arch and buccolingual inclination
changes with the Damon System through Cone-beam computed tomography.
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ARTICLE 1
Evaluation of upper airway and dental arches dimensions in cases treated with
Damon System: A CBCT study.

ABSTRACT
Introduction: The aim of this study was to evaluate and compare the volume,
sagittal area and minimum axial area of the upper airway with transverse dimensions
and dental problems in patients treated orthodontically with the Damon System.
Material and Methods: The sample consisted of initial (T1) and final (T2) Conebeam computed tomography (CBCT) images from 21 patients with a mean initial age
of 14.99 ± 1.97 years, Class I Angle malocclusion, minimum crowding of 4mm
(maxillary -6.71 ± 2.99 mm; mandibular -5.12 ± 2.03 mm), complete permanent
dentition up to second molars, treated with no extractions with the Damon System.
Volume, sagittal area and minimum axial area of the upper airway were measured
through the software Dolphin Imaging®. Arches dimensions were measured by
means of 2D and axial coronal sections in the 3D reconstructions. The reference
points used were buccal and mesiobuccal cusp tips for the premolars and molars
respectively. Variables were submitted to the Shapiro-Wilk test to analyze their
distribution. Paired t-test was used to compare the changes of dental inclinations and
dimensions of both arches. Correlation between airways dimensions were evaluated
by Pearson correlation coefficient. Results: There was a significant increase in
maxillary length and interfirst premolar, intersecond premolar, interfirst molar and
intersecond molar widths. In the mandibular arch, occurred a significant increase of
intercanine, interfirst premolar, intersecond premolar, interfirst molar and intersecond
molar widths without significant increase in length. There was no statistically
significant difference at posttreatment in sagittal area, minimum axial area and
volume of upper airway. Conclusion: It can be concluded that the Damon system
produces a significant transverse increase in the posterior region of both arches and
no significant differences in dimensions and volume of the upper airway at
posttreatment were found. There were a significant negative correlation between the
mandibular arch length with the sagittal area and volume of the airway.
Key-words: Orthodontic Brackets. Cone-Beam Computed Tomography. Oropharynx
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INTRODUCTION
Transverse maxillary deficiency is a malocclusion which most common
manifestation is the posterior crossbite and is associated to functional problems.1
This transverse maxillary modification can lead to respiratory impairment due to a
retroposition of the tongue, resulting in a reduced oropharyngeal.
In the past, from an orthodontic perspective, dental arches shape affected the
size, position and function of the tongue. Consequently, the tongue dysfunction is an
essential etiological factor for the development of malocclusion.2,3 However, the
tongue only adapts to changes in the oral cavity for speech and swallowing.4-6
Literature reports that patients with severe maxillary atresia, also have inadequate
space to accommodate the tongue on the palate, causing an inadequate positioning
of the tongue.3,7
Rapid maxillary expansion (RME) was considered the therapeutic modality for
respiratory disorders.8 Several studies have verified that RME promotes a significant
increase of the upper airways although non-uniform in the width9-12 and can be
compared with orthognathic surgery effects.13,14
As the anterior wall of the oropharynx consists of very movable structures such
as the tongue and the hyoid bone,15 there was a hypothesis that airway volume
increases after maxillary expansion secondary to the tongue´s repositioning to a
more anteriorly place in the oral cavity,16,17 One study demonstrated that RME in
young patients with maxillary atresia associated with posterior crossbite and without
signs of respiratory disorder resulted in a more elevated tongue position; the authors
concluded that the position of the tongue can be altered when the transverse
dimension in the posterior region of the arch is increased.18
Studies evaluated RME effects on the upper airways in lateral cephalogram,19-22
rhinometry23,24 and computed tomography.25-27 Most of them focused on the airways
anatomy, craniofacial growth and development, present limitations, because the use
of lateral or frontal two-dimensional X-rays does not permit identification of the (threedimensional) soft tissue contour, which prevent the volumetric assessment of the
area under study.18,28 The advances in cone-beam computed tomography (CBCT)
and three-dimensional technology have allowed the execution of more reliable and
precise linear and volumetric airways measurements.29,30
The Damon System gain popularity in the world of orthodontics to claim it is
possible to achieve large gains in arch perimeter and transverse dimension within the
use of an appliance that promotes rapid maxillary expansion. It is suggested that a
passive self-ligating appliance associated with new generation nickel-titanium wires
promote slight forces capable of promoting dentoalveolar expansion, reducing the
need for rapid maxillary expansion.31,32 The arch length gain is achieved by bodily
movement of the teeth or at least with ‘‘minimal’’ tipping combined with alveolar bone
and surrounding tissues reshaping with a Fränkel-like effect.32
The self-ligating brackets (SLB), those that don’t need the use of ligatures to join
them to the orthodontic archwire, are being more and more used in orthodontic
offices. It has been said that this kind of appliance has several advantages when
comparing to the conventional ones, such as: complete socket of archwire in the slot
of the bracket, improving the rotation control;33 low friction between the bracket and
archwire,31,33-38 means a shorter treatment time;33,38 shorter chair time;31,35,39,40 less
frequent appointments;31,33 more comfort for the patient33 and lesser plaque
accumulation.38,41
Since then, some studies have evaluated the Damon system effects on the
transverse dimensions of the arches. Vajaria et al.42 evaluated the transverse
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dimension changes in dental arches in patients treated with the Damon system and
a conventional ligated edgewise bracket system by using scanned dental casts and
concluded that the change in the maxillary intermolar width in the Damon group (2.8
mm) was significantly greater than in the conventionally ligated group (0.6 mm). Atik
et al.43 compared transverse dimensional changes in patients with dentally
constricted maxillary arch treated with Damon system and a quad-helix appliance
followed with conventional appliances and concluded that both treatment protocol
produced similar transverse dimension changes in maxillary arch.
The purpose of this study was to analyze and compare volume, sagittal area and
minimum axial area of the upper airway and dental arches changes after orthodontic
treatment with the Damon system using CBCT scans due to lack of scientific
evidences in the literature.
MATERIALS AND METHODS
This study was approved by the Ethics in Research Committee of Bauru
Dental School, University of São Paulo, Brazil. (1.567.403). Consent to undergo
the CBCT radiographic examinations and to use the material for the present
investigation was obtained from all patients. CBCT-scans were taken following the
protocol approved by the Radiological Department, Bauru Dental School,
University of São Paulo.
Material
It was used an alpha error of 5% and beta error of 20%, considering a
standard deviation of 147.73 mm2 to detect a minimum difference of 95mm2 for the
sagittal area and a real difference of 3800 mm3 in volume with standard deviation of
5971 mm3. Results indicated that a minimum of 21 patients were necessary.44
According to this results, 21 patients were selected.
A restrospective study analysis of 21 patients with a mean age of 14.99
±1.27 years, who underwent orthodontic treatment in conformity with the guidelines
for Damon 3 MX brackets system (Ormco Corporation, Orange, CA, USA) at the
Department of Orthodontics in the Bauru Dental School, University of São
Paulo, Brazil was performed due to functional and esthetic complaints.
The main selection criterion was patients with Class I malocclusion with a
minimum of 4mm crowding treated non-extraction. Additional criteria were (1) no
previous orthodontic treatment, (2) presence of all permanent teeth until second
molars with non-anomalies of number and shape, (3) absence of facial deformities
due to oropharyngeal pathologies, genetic syndromes or congenital deformities and
(4) sequence of CBCT scans acquired at two stages: pretreatment (T1) and
posttreatment (T2).
The treatment was performed using a passive self-ligating brackets Damon
3MX appliance system with 0.022-in slot and standard prescription (Ormco/A
Company, San Diego, Calif) with a predetermined Damon archwire sequence. The
typical wire sequence followed included an initial 0.014-in Damon Copper Ni-Ti® (left
in place an average of 12 weeks) followed by a 0.014 × 0.025-in Damon Copper NiTi® (12–18 weeks) until observe an alignment that would allow the complete insertion
of the following archwire in the slot of the bracket and the closing of its lid. The
finishing archwire was a 0.019 × 0.025-in stainless steel, which were coordinated
based on Damon arch form obtained after the insertion of the 0.014 × 0.025-in
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Copper Ni-Ti® Damon archwire. No other appliances, such as headgear, Herbst, lip
bumper, or distalizing appliances, were used. The appliances were removed, and
posttreatment records were taken when a Class I canine-molar relationship with a
satisfactory overjet and overbite, were achieved.
Methods
CBCT scans were taken at beginning (T1) and after (T2) treatment onset
when all patients had complete the orthodontic treatment. CBCT images were taken
with the i-CAT Classic tomography (Imaging Sciences International, Hatfield, Pa) and
the subjects were positioned with the Frankfort horizontal plane parallel to the floor
and instructed to maintain maximum intercuspidation with the tongue touching the
palate and to avoid swallowing during the scanning period. The imaging protocol
used were 120 kV, 5 mA, 13 x 16 cm field of view, 0.25- mm voxel size, and a
scanning time of 40 seconds. Some CBCT final images were taken with a 3D
Accuitomo-XYZ Slice View Tomography® (J. Morita, Kyoto, Japan) with a 0.33 mm
voxel size, voltage of 90 kV, 7 mA, and a 30 seconds scanning time, with the patient
following the same positioning protocol.
Images were saved in DICOM files, and these files were imported into Dolphin
Imaging Software (version 11.9; Dolphin Imaging and Management Solutions,
Chatsworth, Calif) to obtain the primary reconstructed images (sagittal, coronal, and
axial) and 3D reconstructions.
Before image selection for measurement, the head should be standardized in
all the three planes. Head position standardization was performed in 3D images: in
frontal view the infraorbital plane (plane formed by the points located in the
infraorbital foramen) parallel to the floor, in axial view the midsagittal line (center
point in magnum foramen to a point located on the galli crest) was perpendicular to
the floor and in sagittal view the Frankfurt plane (porion to orbital) was parallel to the
floor. Head orientation was the same for each CBCT image performed by the same
operator (Fig. 1).
All measurements were performed using the tools provided by Dolphin
Imaging Software. Only one calibrator visually evaluated all sectional images in a
dark room, using a 24.1-in LCD monitor with resolution of 1920 x 1200 pixels.
Upper airways measurements
The area of interest for the upper airway evaluation was the oropharyngeal
region. The limits of the upper airway space were 2 lines: the upper line was
established by a point at the posterior edge of the nasal spine (PNS) and midpoint of
the curvature between upper and lower surfaces of the basilar portion of the occipital
bone (Ba). The lower line was established by a point from the lower portion of the
upper margin of the third cervical vertebra (VC3i) to a point on the anterior wall of the
oropharynx, parallel to the floor (Or) (Fig. 2)
Once the portion of the airway of interest was defined, the Dolphin 3D airway
analysis tool were used to define and measure the three parameters of the upper
airways. This program allowed the selection of the airway by defining a threshold
range of computed tomography units that characterized the air spaces sectioned. In
this study, was arbitrarily standardized the threshold range to 30 units (0-200 units
were available) after observing consecutively that this number provide the most
comprehensive airway selection without adding or leaving out upper airway space.
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Due to four patients had taken CBCT final images with a 3D Accuitomo-XYZ Slice
View Tomography®, the threshold range was increase to 70 units. Because the air
space has a lower computed tomography value than the more dense surrounding
soft tissue, it was possible to delimit the same region to carry out the measures. After
this, using the sinus/airway analysis option, points were demarcated in the selected
region and updated the volume option and the software shows airway volume, airway
area and minimum axial area (Fig. 3).
Dental arches dimensions measurements
Transversal and anteroposterior arch dimensions were measured in the
maxillary and mandibular dental arches in pretreatment and posttreatment in CBCT
scans. Intercanine (3-3), interfirst premolar (4-4), intersecond premolar (5-5), interfirst
molar (6-6) and intersecond molar (7-7) widths were measured in the coronal view
from 2D images. The coronal image selected from the maxillary and mandibular
arches were obtained from the complete visualization of teeth. In order to measure
the transverse distances, buccal cusp tips were selected for canines and first and
second premolars, while mesiobuccal cusp tips were selected for first and second
molars of both arches. The arch length (AL) were measured by a perpendicular line
constructed from the mesial contact point of the central incisors (calculated as the
midpoint between the mesial points of the central incisors) to the point on a
perpendicular line ligating the mesial points of the first molars in both sides (Fig. 4).
Crowding was measured by the Little’s Irregularity Index45 (Table II) only in the initial
digital models, aiming to assess a means of crowding in maxillary and mandibular
arch.
Error study
Fifteen CBCT scans were randomly selected and remeasured by the same
examiner (BSV) at two times after a 30-day interval. The random error was calculated
according to Dahlberg’s formula, S2 = Σd2/2n, where S2 is the error variance and “d”
is the difference between two determinations of the same variable. The systematic
error was estimated by paired t-tests, for P<.05.46,47
Statistical Analyses
Shapiro-Wilk test was performed to test the hypothesis of variables normal
distribution.
A descriptive analysis was performed for all variables on the pretreatment (T1)
and posttreatment (T2) and the changes that occurred during this period (T2-T1).
Pre and posttreatment data comparisons of arches dimensions, upper airway
dimensions and volume were performed by paired t-test.
The correlation between the changes of upper airway sagittal area, minimum
axial area and volume with arches dimension changes were evaluated by Pearson
correlation coefficient.
All statistical analyses were performed with Statistica software (Statistica for
Windows – Release 7.0 - Copyright Statsoft, Inc. Tulsa, OKla). Results were
considered statistically significant at P<0.05.
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RESULTS
Normal distribution of the variables was evaluated with Shapiro-Wilk tests,
because all variables showed normal distribution, parametric tests were used.
The random and systematic error of upper airway volume were statistically
significant, however the difference of 77.38 mm3 was within acceptable limits48 (Table
I).
Table II shows patient`s demographic distribution. It was evaluated at the
following aspects: initial and final age, time treatment and Little irregularity index.
There was a significant transverse increase in maxillary and mandibular arch
at the end of treatment with the Damon System (Table III), except by the maxillary
canines. Maxillary arch length showed a statistically significant increase whereas the
mandibular arch length did not show a significant increase.
Table IV showed no statistically significant difference in sagittal area, minimum
axial area and volume of the upper airway after treatment with the Damon system.
The amount of change occurred in the sagittal area, minimum axial area and
volume with the changes of dental arches, it is presented in Tables V, VI and VII.
A significant negative correlation were found in the mandibular arch length
changes with the volume and sagittal area changes of the airways (Table V). The
table VI show there was no statistically significant correlation between the arches
dimension changes with the minimum axial area changes.
There was a statistically significant negative correlation between the
mandibular arch length changes with the airway volume changes (Table VII).
DISCUSSION
Only one previously calibrated examiner made the measurements of this
study. The error study used to assess intra examiner reliability proved to be small.
The significant differences were found in upper airway volume measurements. An
upper airway with mean of volume only 10.000 mm3 with a standard deviation of
5.000 mm3, the mean difference of 77.38 mm3 between the first and second
measurement is statiscally significant but acceptable. Similar errors were found in
other study and the method error were considerable negligible.48
CBCT benefits in the diagnosis and treatment plan in different dental
specialties has been widely reported in the literature.49,50 Upper airway assessment
was highlighted due to the great advantages of 3D images. The CBCT analysis
scans are considered reliable in defining the border between soft tissues and air
spaces thus providing important information about the cross-sectional area and
volume of the pharyngeal airway.51,52 Besides, the CBCT system was developed for
the analysis of the craniofacial complex with the advantage of reducing the radiation
dose and generating images with high quality when compared to multislices
tomography scans.53-55 However, when compared with resonance magnetic images,
CBCT scans has its limitation as difficulty in distinguishing between different types of
soft tissues, bordering the upper airway, muscles, fat, and connective tissue.51
Another limitation in evaluating the upper airways is the difficulty in performing
a patient standardization and a protocol for the acquisition of the tomographic
examination. Patient head orientation varies from lying down, to sitting, to standing
depending on the CBCT scanner used and the different positions of head producing
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changes of upper airway dimension and volume.56 These changes were attributed to
gravity acting on the relaxed soft palate, tongue and hyoid bone positions.57 Natural
head position at cone-beam computed tomography acquisition is the suggested
standardized posture.58 However, for repeatable measures of upper airway volumes
it may be clinically difficult to obtain.59 In this study, all patients underwent CBCT
scans at the same place and followed the same protocol and standardization of
CBCT imaging in T1 and T2, minimizing the possibility of alterations due to patient
positioning.
For the airways measurement, it was used the Dolphin Imaging® which is a
program that has already been described in the literature as a software that allows
this evaluation in a simple, practical way and with a minimum of errors,30,60 ensuring
the reliability of the results obtained in this work. The threshold used in our study was
30, before and after orthodontic treatment with Damon System to compare changes
of the upper airways, except of four patients that had their exams in other CBCT
machine. However, according to Feng et al.27 variations of threshold do not produce
significant difference among the measurements.
Patient age is another factor that can influence the upper airway
measurements. The craniofacial development obtained by growth can cause a
dimension increase of the oropharyngeal airspace. The literature shows the
oropharyngeal airspace can suffer changes from growth until the age of 13 years.61 A
quiescence period for pharyngeal structures has been reported in adolescents with
14 from 18 years age.62 Consequently, results found in this study do not carry the risk
of presenting bias, since the mean age of the patients was of 14.99 ±1.27 years.
Studies showed that there is great variability in determining the boundaries of
the air spaces evaluated in the different papers. International consensus on the
region limits does not currently exist, particularly of the landmarks or planes used to
demarcate the junction of the nasal cavity, nasopharynx and between regions of the
pharynx. The present study evaluated only the alterations in the oropharyngeal
region, due to the difficulty of evaluating the nasopharyngeal. One study compared
the reliability and accuracy of airway measurement in three dimensions of three
different software programs. The authors observed a precision discrepancy in the
volume quantification between the different evaluated software. According to the
authors, the greatest divergences occurred during the nasopharyngeal evaluation,
due to the presence of several anatomical structures such as turbinates and nasal
septum.63
The malocclusion type do not influence pharyngeal airway width.64-66 However,
literature shows that patients who presents in maxillary constriction tend to have a
higher nasal airway resistance67 and reported that in this cases a RME can be the
treatment for respiratory disturbs.9-12,21 Several authors12,53 have reported a
significant enlargement of the nasal cavity and nasopharynx, but no significant
increase in the other investigated airway compartments, such as the oropharynx and
hypopharynx, suggesting that effects on the upper airway were local as a result of
soft tissue adaptation farther from the midpalatal suture.44 However, studies have
reported that the increase in nasal air space promoted by RME resulted in changes
in the respiratory pattern from mouth to a nasal due to improved airflow.68 In addition,
previous studies have shown that the transverse increase of the maxillary arch in
patients treated with RME produced a change in tongue posture, especially when the
intermolar width was increased.18 In the present study patients presented severe
initial crowding in the maxillary arch (11.39 ± 5.11 mm) and in the mandibular arch
(8.36 ± 3.56mm) and were treated orthodontically with the Damon system with non-
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extraction. The results showed that there was a significant increase in 4-4 / 5-5 / 6-6 /
7-7 width. However, there were no significant changes in the volume and dimensions
of the oropharynx with increased transverse distances of the maxillary arch. Since
the tongue and soft tissues position of the pharynx are important factors that may
affect the shape and volume of the airways, it was speculated that the transverse
enlargement of the arch could alter the dimensions and volume of the oropharynx.
Iwasaki et al.48 performed a study that assessed the secondary effects of RME by
CBCT scans and concluded that there was an improvement in tongue posture after
treatment in patients with nasal obstruction who had low tongue posture. However,
there was no significant association with increased pharyngeal airway volume. A
similar finding was found in the study by Chang et al.44 who evaluated the transverse
changes produced in the maxillary arch in patients treated with RME using computed
tomography and found a mean increase of 4.8 mm in interpremolars and intermolars
width although not found significant differences in the total airway volume. Other
study investigated the upper airway changes after rapid maxillary expansion utilizing
CBCT in 16 children (10 male, 6 female) with a mean age of 12.73 ± 1.73 years.
There was no significant changes in the nasopharyngeal airway while the
oropharyngeal airway decreased a little.69 One of the reasons the authors attributed
these results was the average expansion amount about 4.4 ±1.3 mm, which may be
not large enough to expand the pharyngeal airway. Similar result was found in this
study, which obtained a mean expansion amount of 4.40 ± 1.55 mm in the maxillary
first premolars width. Despite the results found in this study, there was a significant
negative correlation between the changes of the upper airway area (r = -0.691 p =
0.002) and volume (r = -0.707 p = 0.001) with the mandibular arch length. According
to Gurani et al.59 there is a lack of data in the literature demonstrating the effects of
tongue posture on upper airway morphology and dimensions.
The increase in the arch transverse dimensions produced by the Damon
system and its comparisons with the conventional brackets system and expansion
devices have already been reported in the literature.42,43,70-72. A strong factor for the
determination of the dental arch shape was the archwire used. It is explained by the
fact that archwires conformed with larger diagrams causes major arch expansion,
regardless the type of bracket used.25,73,74 An interesting finding in this study were the
results found in the maxillary arch. There was a significant increase in all dimensions
of the arch except for the intercanine width. There was no significant difference in the
transverse dimension in this region. This result is controversial with findings in the
literature that show an increase in intercanine width with crowding correction. It has
been demonstrated that the arch space gain in the anterior region in crowding cases
is generally associated with the incisors buccal inclination and the increase of the
intercanine width.42,71,75,76 Possibly the reason could be the maxillary canine position
in cases with significant absence of space in the arch. The mean crowding presented
by the patients in the maxillary arch was 11.29 ± 5.11 mm and most of the patients
presented maxillary ectopic canines with buccal inclination. Thus, when performing
alignment and leveling with the expanded arches of the Damon system there were no
significant changes in the intercanine width at posttreatment.
In the mandibular arch, there was a significant transverse dimensions increase
without significant length increase. The expansion of the entire dental arch provided
space for the alignment of crowded teeth without causing marked incisors buccal
inclination, promoting a non-significant increase in arch length. This result in the
mandibular arch corroborates Damon's31 assertions that the use of a low friction
bracket system allows a greater distal sliding of the wire avoiding excessive teeth
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inclination and obtaining space through the transverse increase of the arches. There
was a greater expansion in the mandibular molars region when compared to the
maxillary arch. As the mandibular molars erupt with a lingual crown inclination that
remains after growth, forming the Wilson curve77, thus greater buccal crown
movement is expected after treatment with the Damon System.
Limitations
Ideally, all initial and final CBCT scans should have been performed following
the same protocol using the same device. However, it was not possible due to the
temporary unavailability of one device (i-Cat) during final CBCT scans period. Thus,
in order to avoid a reduction in the number of patients and make it unworkable, they
were kept in research, since during the initial tests was observed a homogeneity in
the image quality of both i-Cat, voxel size 0.25mm and Accuitomo, voxel size
0.33mm devices.
The data from this study should be interpreted with caution, since the research
evidence for one CBCT machine may not apply to other equipment.

CONCLUSION
The null hypothesis was accepted. There was no significant difference in the
dimensions and volume of the upper airway in patients treated with the Damon
System.
The Damon System produced a significant increase in the transverse
dimensions in posterior region of the arches.
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FIGURE LEGENDS
Fig.1. Three-dimensional image of the head in front (A), sagittal (B) and top (facing
down) (C) of view after standardization by mid-sagittal, axial and coronal reference
planes. Dolphin Imaging® 11.9, orientation tool.
Fig.2. Airway area, minimum axial area and volume measurements. Landmarks for
the upper airway space delimitation (A): Ba, Basion - Midpoint of the curvature
between upper and lower surfaces of the basilar portion of the occipital bone; PNS,
posterior nasal spine; VC3i, point on the lower portion of the upper margin of the third
cervical vertebrae; Or, point on the anterior wall of the oropharynx parallel to the
floor. Volume of upper airway in axial view (B).
Fig.3. Upper airway sagittal area and minimum axial area measurement (A).
Smallest cross-sectional area marked on volumetric reproduction (B).
Fig.4. Arch length measurement in axial plane of 3D reconstruction (A) and
transverse measurement in coronal plane of 2D image (B).
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Table I. Random and systematic error tomography analyses (Dahlberg´s formula and
paired t test).
Variable

Measurement 1
Mean
S.D.

Measurement 2
Mean
S.D.

t

P

Arches
46.01
9.81
45.96
9.80 0.612 0.066
Dimensions (mm)
Upper airway
491.00
111.41 488.50 111.98 1.81 0.112
area (mm2)
Upper airway
10187.75 5047.22 10110.37 5040.27 3.11 0.017*
volume (mm3)
Minimun axial
114.12
64.34
114.25
64.31
1.0 0.351
area (mm2)
*Statistically significant for p<0.05.*

Dahlberg
0.16
3.12
71.78
0.25
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Table II. Results of descriptive statistics of the initial and final ages and treatment
time. (N=21)
Variable
Mean S.D. Minimum Maximum
Initial age (T1) (years)

14.99

1.27

12.93

17.27

Final age (T2) (years)

17.57

1.15

15.30

20.21

Treatment time (T2-T1) (years)

2.58

0.98

1.07

3.87

Little irregularity index – maxillary arch
(mm)

11.39

5.11

5.35

24.01

Little irregularity index – mandibular arch
(mm)

8.36

3.56

3.50

17.72
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Table III. Comparison of transverse changes (x-x) at T1, T2 and T2-T1 (t test)
(N=21).
Variables
(mm)

T1
Mean

T2
S.D.

Mean
S.D.
Maxillary
7-7
57.92
3.17
59.82
2.97
6-6
52.98
3.44
54.88
2.65
5-5
46.48
4.35
50.69
2.63
4-4
41.42
2.05
45.82
2.04
3-3
37.29
6.62
38.74
1.54
Max LA
28.51
1.85
30.07
1.24
Mandibular
7-7
51.95
4.24
54.34
3.89
6-6
46.57
3.56
48.71
3.41
5-5
40.22
4.20
42.98
2.33
4-4
34.12
3.09
38.09
2.42
3-3
27.77
3.81
29.94
1.31
Md LA
21.90
4.68
24.78
4.80
* Statistically significant for p<0.05.*

T2-T1

P

Mean

S.D.

1.90
1.90
4.21
4.40
1.44
1.55

1.42
1.54
2.51
1.55
6.23
1.21

0.000*
0.001*
0.000*
0.000*
0.352
0.000*

2.39
2.13
2.75
3.96
2.17
2.88

2.82
2.19
3.72
2.10
3.74
7.87

0.002*
0.000*
0.007*
0.000*
0.029*
0.150
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Table IV. Comparison of airway changes at T1, T2 and T2-T1(t test) (N=21).
Variables
(mm2/mm3)
Sagittal
Area
Minimum
Axial Area
Volume

T1

T2

T2-T1

P

Mean

S.D.

Mean

S.D.

Mean

S.D.

578.05

166.68

601.58

174.60

23.52

145.31

0.513

169.70

97.50

181.76

130.87

12.05

112.46

0.664

2181.76

6284.75

0.171

14440.00 8952.52 16621.76 10300.18

* Statiscally significant for p<0.05.*
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Table V. Results of Pearson correlations between the difference in the dimensions of
the both arches with the difference in the sagittal area of the upper airways (N=21)
Sagittal Area T2-T1
Correlations

r

P

Mx 7-7 (T2-T1)

-0.034

0.895

Mx 6-6 (T2-T1)

0.189

0.467

Mx 5-5 (T2-T1)

-0.205

0.428

Mx 4-4 (T2-T1)

-0.007

0.977

Mx 3-3 (T2-T1)

-0.054

0.835

Mx LA (T2-T1)

0.094

0.717

Md 7-7 (T2-T1)

0.010

0.969

Md 6-6 (T2-T1)

0.231

0.371

Md 5-5 (T2-T1)

0.049

0.851

Md 4-4 (T2-T1)

0.186

0.474

Md 3-3(T2-T1)

-0.208

0.422

Md LA (T2-T1)

-0.691

0.002*

* Statiscally significant for p<0.05.*
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Table VI. Results of Pearson correlations between the difference in the dimensions
of the both arches with the difference in minimum axial area of the upper airways
(N=21).
Minimum axial area T2-T1
Correlations

r

P

Mx 7-7 (T2-T1)

0.169

0.516

Mx 6-6 (T2-T1)

0.290

0.259

Mx 5-5 (T2-T1)

-0.073

0.779

Mx 4-4 (T2-T1)

0.103

0.693

Mx 3-3 (T2-T1)

-0.199

0.442

Mx LA (T2-T1)

-0.072

0.781

Md 7-7 (T2-T1)

0.197

0.447

Md 6-6 (T2-T1)

0.426

0.088

Md 5-5 (T2-T1)

-0.126

0.629

Md 4-4 (T2-T1)

0.232

0.370

Md 3-3(T2-T1)

-0.217

0.402

Md LA (T2-T1)

-0.449

0.070

* Statistically significant for p<0.05.*
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Table VII. Results of Pearson correlations between the difference in the dimensions
of the both arches with the difference in volume of the upper airways (N=21).
Volume T2-T1
Correlations

r

P

Mx 7-7 (T2-T1)

0.032

0.900

Mx 6-6 (T2-T1)

0.298

0.245

Mx 5-5 (T2-T1)

-0.178

0.493

Mx 4-4 (T2-T1)

-0.106

0.687

Mx 3-3 (T2-T1)

-0.077

0.769

Mx LA (T2-T1)

-0.021

0.935

Md 7-7 (T2-T1)

-0.110

0.672

Md 6-6 (T2-T1)

0.208

0.421

Md 5-5 (T2-T1)

0.234

0.929

Md 4-4 (T2-T1)

0.154

0.554

Md 3-3(T2-T1)

-0.243

0.347

Md LA (T2-T1)

-0.707

0.001*

* Statistically significant for p<0.05.*
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ARTICLE 2
Evaluation of dimensional arch and buccolingual inclination changes with the
Damon System through Cone-beam computed tomography.

ABSTRACT
Introduction: The aim of this study was to evaluate the dimensional arch and
buccolingual inclination changes in patients treated with the Damon self-ligating
brackets system. Material and Methods: Twenty-one patients of both sexes, mean
initial age of 14.99 ± 1.97 years, with complete permanent dentition up to second
molars, treated with no extractions and minimum initial crowding of 4 mm (maxillary: 6.71 ± 2,99 mm; mandibular: -5,12 ± 2,03 mm) were taken to CBCT scan before (T1)
and after (T2) orthodontic treatment with the Damon System. Buccolingual
inclinations were performed using CBCT-panoramic cross-sectionals based on the
image that presented the most appropriate view of buccal face of the clinical crown.
Transversal width measurements were performed in intersecond molar, interfirst
molar, intersecond premolar, interfirst premolar and intercanine distances by coronal
view at CBCT scans and arch length was assessed by 3D multiplanar reconstruction
in maxillary and mandibular arches. Intragroup comparisons were performed using
the paired t-test and correlations between arches dimensions and dental inclinations
were performed using Pearson's correlation coefficient. Results: In the maxillary
arch it was detected a significant increase of the arch length and interfirst premolar,
intersecond premolar, interfirst molar and intersecond molar width. There was a
significant buccal inclination of the incisors and premolars crowns. In the mandibular
arch, all teeth showed a statistically significant increase of buccal inclination, except
for the left canine and first molar. Regarding arches dimensions, there was a
significant increase of intersecond molar, interfirst molar intersecond premolar,
interfirst premolar and intercanine width with no significant length changes at the end
of treatment. Conclusion: Damon self-ligating brackets system promotes a dental
arches expansion mainly by buccal inclination of the dental crowns in maxillary and
mandibular arches.
Key-words: Orthodontic Brackets. Cone-Beam Computed Tomography. Tooth
Movement Techniques.
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INTRODUCTION
The technological developments in orthodontic materials have grown
exponentially and provided the professional more efficient tools for better orthodontic
treatment and comfort for the patient, thus improving its quality of life. Self-ligating
orthodontic appliances are currently popular among orthodontists. They allow to
perform teeth alignment and leveling more effectively, with a relatively reduced chair
time and less need for dental extractions, in cases of significant crowding compared
with conventional edgewise brackets.1
Self-ligating brackets (SLB) are classified into two categories, passive and
active, according to the closing system of the orthodontic appliance. Passive selfligating brackets usually have a closing system that does not create friction between
the archwire and the bracket slot. The main example of this system is the Damon
self-ligating brackets (Ormco, Glendora, Calif.). Active self-ligating brackets have a
closing system that creates a pressure between the orthodontic wire and the bracket
slot to achieve greater control of rotation and torque. In-Ovation (GAC International,
Central Islip, NY) is the most common active self-ligating brackets.2
The Damon self-ligating system creators stated that their low-friction ligating
system, associated with orthodontic wires, which have a greater transverse
dimension and high resilience, produces a system of light forces that allows the teeth
to accommodate into the bone structures, promoting posterior expansion of the
dental arch without incisors labial inclination.3 However, studies have verified that
Damon self-ligating system produces dentoalveolar arch expansion, providing a
significant increase in maxillary arch length and width4,5 also raising the mandibular
arch length due to incisors protrusion.6,7
A recent study evaluated the buccal corridor width and area of patients treated
with Damon self-ligating brackets system and compare with conventional preadjusted brackets using pre and posttreatment frontal photographs. The study
demonstrated no significant differences for buccal corridor width and area between
appliances, at the end of treatment. Both appliances increased dental arch width and
decreased buccal corridor.8
Changes produced in the dental arches were mainly promotes by the
archwires used in Damon System. When compared different types of brackets
(passive and active self-ligating and conventional brackets) using the Damon system
sequence of arches, it was not observed any difference for maxillary arch dimensions
and molars and incisors angles between differents types of brackets.9
Although several studies have demonstrated the dental arch changes
produced by the Damon system, the heterogeneity of the methodologies make it
difficult to visualize these changes. The reliability of superposition reliability in 2D
cephalograms to determine the changes occurring by the treatment is uncertain.10
Cone-beam computed tomography (CBCT) presents a higher image quality and
allows to evaluate the dimensional and morphological changes produced by the
treatment in the three dimensions of the space, in addition to presenting a minimum
dose of radiation when compared to multslice computed tomographies and magnetic
resonance imaging.11-13 Linear and angular measurements from CBCT images have
been considered accurate for the evaluation of dental and maxillofacial structures.1416

The objective of this study was to evaluate, through CBCT scans, the changes
in the arches dimensions and buccolingual inclinations in the maxillary and
mandibular teeth after orthodontic treatment with the Damon System.
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MATERIAL AND METHODS
This study was approved by the Ethics in Research Committee of Bauru
Dental School, University of São Paulo, Brazil. (1.567.403). Informed consent to
undergo the CBCT radiographic examinations and to use the material for the present
investigation was obtained from all patients. CBCT scans were taken following the
protocol approved by the Radiological Department, Bauru Dental School,
University of São Paulo.
Material
Using an alpha error of 5% and a beta error of 20%, considering a standard
deviation of 1.0°, to detect a minimum difference of 0.64° for the buccal inclination
variable, indicated that a minimum of 21 patients were necessary.12 According this
results, were selected 21 patients.
A retrospective study of the patients treated by Department of Orthodontics,
Bauru Dental School, University of São Paulo, Brazil, from 2010 to 2016, was
performed.
The following inclusion criteria were considered: Patients between 12 and 17
years age, with no previous history of orthodontic treatment, with a minimal crowding
of 4mm, absence of crossbite, complete permanent dentition up to second molar,
without agenesis, or dental losses, impacted or supernumerary teeth and patients of
both sexes with Class I malocclusion.
The exclusion criteria included patients with missing teeth and agenesis,
posterior crossbite, CBCT images suggesting periodontal disease such as horizontal
or vertical proximal bone loss, furcal involvement and calculus. Were also excluded
from the evaluation the teeth with extensive restorations involving the
cementoenamel junction.
All patients were treated with a 0.022-in Damon 3MX standard prescription
appliance system (Ormco/A Company, San Diego, Calif) with a predetermined
Damon archwire sequence. The wire sequence followed included an initial 0.014-in
Damon Copper Ni-Ti® (left in place an average of 12 weeks) followed by a 0.014 ×
0.025-in Damon Copper Ni-Ti® (12–18 weeks) until observe an alignment that would
allow the complete insertion of the following archwire in the slot of the bracket and
the closing of its lid. The finishing archwire was a 0.019 × 0.025-in stainless steel
which were coordinated based on Damon arch form obtained after the insertion of
the 0.014 × 0.025-in Copper Ni-Ti Damon® archwire. No other appliances, such as
headgear, Herbst, lip bumper, or distalizing appliances, were used. The appliances
were removed, and posttreatment records were taken when a Class I canine-molar
relationship with a satisfactory overjet and overbite was obtained.
Methods
CBCT scans were taken at the beginning (T1) and after (T2) complete
orthodontic treatment. CBCT images were taken with the i-CAT Classic tomograph
(Imaging Sciences International, Hatfield, Pa) and the subjects were positioned with
the Frankfort horizontal plane parallel to the floor, instructed to maintain maximum
intercuspidation with the tongue touching the palate and avoiding swallowing during
the scanning period. The imaging protocol used were 120 kV, 5 mA, 13 x 16 cm field
of view, 0.25- mm voxel size, and a scanning time of 40 seconds. Some CBCT final
images were taken with a 3D Accuitomo-XYZ Slice View Tomography® (J. Morita,

56 Articles

Kyoto, Japan) with a voxel size of 0.33 mm, voltage of 90 kV, 7 mA, and a scanning
time of 30 seconds, with the patient following the same positioning protocol.
Images were saved in DICOM files, and these files were imported into Dolphin
Imaging Software (version 11.9; Dolphin Imaging and Management Solutions,
Chatsworth, Calif) to obtain the primary reconstructed images (sagittal, coronal, and
axial) and 3D reconstructions.
Before image selection for measurement, the head should be standardized in
all the three planes. The standardization of head position was performed in 3D
images: in frontal view the infraorbital plane (plane formed by the points located in
the infraorbital foramen) parallel to the floor, in axial view the midsagittal line (center
point in magnum foramen to a point located on the galli crest) was perpendicular to
the floor and in sagittal view the Frankfurt plane (porion to orbital) was parallel to the
floor. Head orientation was the same for each CBCT image performed by the same
operator (Fig. 1).
All measurements were performed using the tools provided by Dolphin
Imaging Software. Only one calibrator visually evaluated all sectional images in a
dark room, using a 24.1-in LCD monitor with resolution of 1920 x 1200 pixels.
Dental arches dimensions measurements
Two images were used for measuring intercanine (3-3), interfirst premolars (44), intersecond premolar (5-5), interfirst molar (6-6) and intersecond molar (7-7)
widths, in coronal view. The coronal image selected from the maxillary and
mandibular arches were obtained from the complete visualization of teeth. In order to
measure the transverse distances, buccal cusp tips were selected for maxillary and
mandibular first and second premolars, while mesiobuccal cusp tips were selected for
first and second molars. The arch length was measured by a line constructed from
the mesial contact point of the central incisors (calculated as the midpoint between
the mesial points of the central incisors) to the point on a perpendicular line ligating
the mesial points of the first molars in both sides (Fig. 2). Crowding was measured by
the Little’s Irregularity Index17 only in the initial digital models, aiming to assess a
mean of crowding in maxillary and mandibular arch.
Buccolingual inclination measurements
The software created a 2D CBCT-panoramic cross-sectional images with 0.5
mm of thickness. The region selection was evaluated based on the image that
presented better vestibular face visualization of the clinical crown. Buccolingual
inclination was measured from the angle formed by the line of the clinical crown
(VLCC) and the maxillary or mandibular edge of the selected image. The VLCC is
formed by a point located in the cementoenamel junction (CEJ) to incisal and/or
buccal cusp tip of incisors, canines, premolars and molars (Fig. 3).
Error study
Fifteen CBCT were randomly selected and remeasured by the same examiner
(BSV) at two times after a 30-day interval. The random error was calculated
according to Dahlberg’s formula, S2 = Σd2/2n, where S2 is the error variance and “d”
is the difference between two determinations of the same variable. The systematic
error was estimated with paired t-test, for P<.05.18,19
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Statistical Analyses
Shapiro-Wilk test was used to test the hypothesis of variables normal
distribution.
Pre and posttreatment data comparisons of dimensions arches and dental
inclinations were performed with paired t-test.
Pearson´s Correlation coefficients was used to determine the relationship
between the arch dimensions and dental inclinations.
All statistical analyses were performed with Statistica software (Statistica for
Windows – Release 7.0 - Copyright Statsoft, Inc. Tulsa, OKla). Results were
considered statistically significant at P<0.05.
RESULTS
Systematic (paired t-test) and random error (Dahlberg’s formula) showed no
intraexaminer difference. Random for dental arches dimensions and dental
inclinations measurements were 0.16 and 0.88, respectively, showing acceptable
reliability (Table I).
Table II shows patient`s demographic distribution, evaluated by the following
aspects: initial and final age, time treatment and Little irregularity index.
There was a significant transverse increase in maxillary and mandibular arch
at posttreatment with the Damon System (Table III), except for the maxillary canines.
Maxillary arch length (Mx AL) showed a statistically significant increase whereas the
mandibular arch length (Md AL) did not show a significant increase.
In maxillary arch, there was a significant increase in buccolingual inclinations
(i) of premolars and incisors. There was a significant increase of inclinations in all
teeth in the mandibular arch, except in the first left mandibular molar and the left
mandibular canine. These elements presented an increase of the dental slope after
the treatment, but it was not significant (Table IV).
The correlation coefficient between the maxillary arch transverse
measurements and the inclinations in the maxillary teeth (Table V) showed that there
was a mean positive correlation between the inclinations of the maxillary second
premolars and the intersecond premolar width. There was a moderate positive
correlation between the 3-3 transverse measure and the right maxillary inclination,
and the same did not occur with the left side canine, which did not present a
statistically significant correlation. The maxillary arch length showed a positive,
moderate correlation with the right lateral incisor inclination, and the same did not
occur in relation to the other anterior teeth. In mandibular arch, there was a moderate
positive correlation in the inclinations of right mandibular first premolar, right
mandibular first and second molar and left mandibular second premolar teeth with
their respective transverse measurements (Table VI).
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DISCUSSION
In this sample, patients were treated by different dentists, but in order to obtain
more reliable results, measurements were made only by one previously calibrated
examiner. In the error study, no significant differences were found between
measurements at two different time points. This may have occurred due to highresolution images offering excellent view without overlapping structures.
Dental casts were used in previous studies to assess dental inclinations and
measurements of arch dimensions and because of the easy of analysis and low
cost.20,21 However the analyzes are restricted to crowns, making it impossible to
evaluate changes in alveolar morphology and supporting tissues (fenestrations and
dehiscences) after orthodontic treatment. After the development of the CBCT, an
evaluation of the dental crowns and roots in different planes was carried out with a
dose of reduced radiation and an affordable cost to the professional in comparison to
the multislice computerized tomographies, besides having its proven accuracy in
linear and angular teeth measurements.13-15
The main advantage attributed to self-ligating brackets is the treatment time
reduction.22,23 However, there is a lack of evidence due to conflicting findings. Some
authors reported a efficiency of self-ligating brackets in the alignment and leveling of
the arches24-26 and overall time27 while others disagree, performing prospective
clinical studies.28,29 The treatment time mean in the present study was 2.58 ± 0.98
years, higher when compared to other studies that used self-ligating brackets,30,31
probably due patients treated by different dentists.
The transverse increase of the dental arches is a common feature in
orthodontic treatments performed with brackets of the Damon system.32 Similar
findings were found in our study. In general, there was a statistically significant
increase in the transverse width in maxillary and mandibular arches. Studies have
shown a greater transverse increase in patients treated with the Damon system when
compared to the conventional bracket system.7,26,33
The most significant change occurred in the first maxillary premolars region.
There was an average increase of 4.40 ± 1.55 mm. Similar results were found in a
randomized clinical trial where a mean expansion of 4.51 ± 2.6 mm was found.34
Franchi et al35 in a prospective follow-up of 20 patients treated with a fixed appliance
of low friction ligatures, reported a mean expansion of 3.65 ± 2.67 mm, however, in
this study the evaluations were made in the final phase of alignment and leveling with
a mean time of 6 months and not using the wire sequence recommended by the
Damon System.
Arches width changes occurred mainly due to the expanded wires shape used
in the Damon system, which shows a greater expansion in the region of the
premolars. The expanded shape of the copper Ni-Ti and stainless steel wire from the
Damon system can generate as much expansion as a conventional straight wire
system combined with a quad-helix appliance.36 A recent study9 evaluated three
different types of brackets using the same orthodontic wire sequence advocated by
the Damon system, founding a similar increase in the interpremolar width in the
evaluated groups. Similar to this, Pandis et al.33 found no difference in the arch width
with the same sequence of expanded wires advocated by the Damon system in
conventional and passive self-ligating brackets.
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An interesting finding was the differences found in the maxillary and
mandibular arch length after orthodontic treatment. The maxillary arch suffer a
significant increase in length differently from the mandibular arch. The patients of the
present study were treated with non-extraction and presented mean crowding of
11.39 ± 5.11 mm in the maxillary arch and 8.36 ± 3.56 mm in the mandibular arch. It
is known that in cases with dental crowding and absence of space, at alignment, the
use of nickel-titanium wires generates a buccal movement of the teeth crowns. In
conventional mechanics, this effect occurs mainly in the mandibular incisors due to
its crown and root volume, promoting an increase in arch length.37 Germane et al.38
created a mathematical formula that demonstrated that the arch length increase is
related to the location where the arch expansion occurs. They concluded that a
greater length of the arch is obtained with the combination of labial tip of the incisors
and the expansion in the canines region. Therefore, the increase of the maxillary
arch length can be explained by the labial tip of the maxillary incisor for crowding
correction since the intercanine width has not undergone significant changes. In the
mandibular arch, there was a significant increase of the transverse measurements
throughout the arch, which allowed the reduction of labial tip of the mandibular
incisors. Consequently, there was no significant increase in arch length.
This result in the mandibular arch corroborates Damon's affirmation3 that the
use of a low friction bracket system allows a greater distal sliding of the wire during
alignment avoiding excessive inclination of the anterior teeth obtaining space through
the transverse increase of the arches. Another situation that may occur is the
reduction of arch length when the treatment is performed with the Damon System
associated with dental extractions. In this case the distal movement of the canines
promotes an increase in the intercanine width and the mesial movement of the
molars added with less labial inclination of the incisors generates a decrease in the
arch length.24
An advantage attributed to the Damon system is the ability to create balanced
forces that allows the modification of the arch length and transverse distances with
body dental movement and minimal buccal inclination.39 Contrary this idea, several
studies found buccal teeth inclination after treatment.6,36,40 Cattaneo et al.12 observed
that the transverse increase in the premolars region occurred when the buccal
movement of the dental crowns. Similar result was found in this research. In general,
there is a predominance of buccal inclination associated with a transverse increase
of the arches. However, the results showed differences of tooth movement between
the maxillary and mandibular arches. In the maxillary arch, there was no significant
changes for the intercanine distance. This is a controversial result with literature, that
show an increase in the intercanine distance for crowding corrections.6,7,32,33 This can
be justified because of the maxillary canine position in cases of significant absence of
space. Normally, the canines are located in a more buccal position relative to the
adjacents teeth at the treatment beginning. Therefore, when realizing the alignment
and leveling with expanded Damon archwires, there was no significant changes in its
position at posttreatment. In the molar region, there was a significant increase of
interfirst and intersecond molars width, but with a lingual inclination of the crowns at
posttreatment. It has been proposed that maxillary molars that erupt in the oral cavity
with buccal crown torque41 and a more buccal position at the beginning of treatment
could cause a lingual inclination at the end of treatment. Unlike this study, Atik and
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Ciger36 showed a buccal inclination of the maxillary molars in a group treated with the
Damon system. Yu et al.5 compared the effects of Rapid Maxillary Expansion with the
Damon system for correction of dental crowding and showed that occurred molars
buccal inclination in both groups. Probably the results found in these studies is
related to the amount of expansion promoted by the treatment. The mean increase of
the intermolar distances showed by these studies was greater than 3 mm, meanwhile
in this study was demonstrated an intermolar mean distance increase of 1.9 mm.
Another study where CBCT was used to measure the inclination angle of the molars
following rapid maxillary expansion, the inclination angle was reported to have
increased in the maxillary posterior teeth.42,43 This provides justification for excluding
patients with posterior crossbite as these teeth show more dental tipping than the
treatment effects on teeth in this study.
The mandibular arch presented significantly buccal inclination with an
increase of the transverse dimensions for most of the teeth confirming findings of the
literature.5,9,36 Only the canine and first mandibular right molar did not present a
significant buccal inclination. It has been reported that maintaining the mandibular
intercanine width during treatment may reduce the possibility of orthodontic
relapse44,45. Due to this a negative torque in the mandibular canine bracket is usually
found, a canine should lean lingually; however, the present ﬁndings show that almost
all mandibular canines moved buccally. The mandibular molars erupt with a lingual
crown inclination, which remains stable after growing developing Wilson's curve46
and therefore, greater vestibular movement of crowns is expected after treatment. In
general, there was a moderate positive correlation between the increase of the
transverse distances and the buccal inclination of the teeth crowns, although has
been significant only in some mandibular and maxillary teeth (Table V and VI).
Therefore, increase of the transverse dimensions in the mandibular arch is due to the
predominance of the crown buccal inclination.

Limitations
Ideally, all initial and final CBCT scans should have been performed following
the same protocol using the same device. However, it was not possible due to the
temporary unavailability of one device (i-Cat) during final CBCT scans period. Thus,
in order to avoid a reduction in the number of patients and make it unworkable, they
were kept in research, since during the initial tests was observed a homogeneity in
the image quality of both i-Cat, voxel size 0.25mm and Accuitomo, voxel size
0.33mm devices.
The data from this study should be interpreted with caution, since the research
evidence for one CBCT machine may not apply to other equipment.
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CONCLUSION
According to results of this study, orthodontic treatment with Damon System
produced an expansion in maxillary arch with significant increase of buccal inclination
in premolars and incisors teeth and an expansion in mandibular arch with all teeth
showed a significant increase of buccal inclination.
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FIGURE LEGENDS
Fig.1. Three-dimensional image of the head in front (A), sagittal (B) and top (facing
down) (C) view after standardization by mid-sagittal, axial and coronal reference
planes. Dolphin Imaging® 11.9, orientation tool.
Fig.2. Arch length measurement in axial plane of 3D reconstruction (A) and
transverse measurement in coronal plane of 2D image (B).
Fig.3. Panoramic image (A) reconstructed by TCCB and buccolingual inclination
measurements of clinical crown (B) - VLCC: vestibular line of clinical crown.
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Fig.3

Articles 69

Table I. Tomography random and systematic error analyses (Dahlberg´s formula and
paired t test).
Variable

Measurement 1
Mean
S.D.

Arches
46.01
9.81
Dimensions (mm)
Buccolingual
83.82
15.16
inclination (º)
*Statistically significant for p<0.05.*

Measurement 2
Mean
S.D.

t

P

Dahlberg

45.96

9.80

0.612 0.066

0.16

83.85

15.25

0.391 0.696

0.88
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Table II. Results of descriptive statistics of the initial and final ages and treatment
time. (N=21)
Variable
Mean
S.D.
Minimum Maximum
Initial age (T1)

14.99

1.27

12.93

17.27

Final age (T2)

17.57

1.15

15.30

20.21

Treatment time (T2-T1)

2.58

0.98

1.07

3.87

MxII

11.39

5.11

5.35

24.01

MdII

8.36

3.56

3.50

17.72

MxII. – Maxillary irregularity index
MdII. – Mandibular irregularity index
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Table III. Comparison of transverse (x-x) changes at T1, T2 and T2-T1 (t tests)
(N=21).
Variables
(mm)

T1

Mean
S.D.
Maxillary
7-7
57.92
3.17
59.82
2.97
6-6
52.98
3.44
54.88
2.65
5-5
46.48
4.35
50.69
2.63
4-4
41.42
2.05
45.82
2.04
3-3
37.29
6.62
38.74
1.54
Mx LA
28.51
1.85
30.07
1.24
Mandibular
7-7
51.95
4.24
54.34
3.89
6-6
46.57
3.56
48.71
3.41
5-5
40.22
4.20
42.98
2.33
4-4
34.12
3.09
38.09
2.42
3-3
27.77
3.81
29.94
1.31
Md LA
21.90
4.68
24.78
4.80
*Statistically significant for p<0.05.*

.

Mean

T2
S.D.

T2-T1

p

Mean

S.D.

1.90
1.90
4.21
4.40
1.44
1.55

1.42
1.54
2.51
1.55
6.23
1.21

0.000*
0.001*
0.000*
0.000*
0.352
0.000*

2.39
2.13
2.75
3.96
2.17
2.88

2.82
2.19
3.72
2.10
3.74
7.87

0.002*
0.000*
0.007*
0.000*
0.029*
0.150
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Table IV. Comparison between pre and posttreatment time regarding buccolingual
inclination (i) in the maxillary and mandibular arch (t-dependent test) (N=21).
T1

Variables (º)

i17
i16
i15
i14
i13
i12
i11
i21
i22
i23
i24
i25
i26
i27

T2

Mean

S.D.

82.69
79.01
80.41
80.85
97.20
100.25
107.03
106.78
100.16
96.70
81.55
83.51
82.46
86.25

5.47
5.75
7.58
8.05
8.79
8.84
5.52
6.14
10.54
10.56
7.12
9.47
7.57
8.94

i37
59.52
7.82
i36
62.70
5.74
i35
68.10
5.93
i34
69.74
8.81
i33
85.53
9.58
i32
89.17
8.29
i31
94.73
8.28
i41
93.49
7.30
i42
89.31
7.77
i43
85.22
7.27
i44
71.60
7.43
i45
67.10
6.98
i46
60.61
6.04
i47
56.19
5.88
*Statistically significant for p<0.05.*

Mean
S.D.
Maxillary
79.96
6.73
77.14
5.09
84.77
6.26
87.81
3.98
94.40
5.45
106.60
4.61
110.04
3.74
111.51
3.74
109.02
3.80
96.96
3.92
89.65
5.97
88.87
5.22
79.95
7.47
84.02
8.27
Mandibular
63.77
8.42
64.21
4.91
71.00
5.35
78.14
4.36
85.68
4.56
97.62
5.13
100.01
5.12
100.32
4.45
98.14
3.87
89.56
4.61
78.88
3.35
72.57
4.09
63.49
5.29
61.92
7.16

T2-T1

p

Mean

S.D.

-2.72
-1.87
4.35
6.95
-2.80
6.35
3.00
4.73
8.86
0.26
8.10
5.35
-2.51
-2.22

5.43
5.19
6.52
6.80
8.37
7.81
4.00
5.37
11.91
9.82
7.64
6.52
6.99
5.52

0.055
0.157
0.014*
0.000*
0.186
0.004*
0.006*
0.002*
0.007*
0.912
0.000*
0.003*
0.158
0.115

4.24
1.51
2.90
8.34
0.15
8.44
5.28
6.83
8.83
4.33
7.27
5.47
2.87
5.73

6.64
6.22
3.55
7.71
7.20
6.52
6.14
5.59
7.64
6.98
6.75
5.51
3.74
7.62

0.018*
0.331
0.003*
0.000*
0.931
0.000*
0.002*
0.000*
0.000*
0.020*
0.000*
0.000*
0.005*
0.006*
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Table V. Results of Pearson correlation between dental inclinations (i) and
transverse measurements (x-x) in the maxillary arch at posttreatment period (N=21).
Correlations
r
P
i17 x Mx 7-7

-0.043

0.868

i27 x Mx 7-7

0.352

0.165

i16 x Mx 6-6

0.444

0.074

i26 x Mx 6-6

0.376

0.136

i15 x Mx 5-5

0.533

0.027*

i25 x Mx 5-5

0.744

0.001*

i14 x Mx 4-4

0.369

0.145

i24 x Mx 4-4

0.397

0.114

i13 x Mx 3-3

0.506

0.038*

i23 x Mx 3-3

0.374

0.139

i12 x Mx LA

0.596

0.012*

i22 x Mx LA

-0.330

0.195

i11 x Mx LA

0.080

0.759

i21 x Mx LA

0.362

0.153

*Statistically significant for p<0.05.*
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Table VI. Results of Pearson correlation between dental inclinations (i) and
transverse measurements (x-x) in the mandibular arch at posttreatment period
(N=21).
Correlations
r
P
i37 x Md 7-7

0.697

0.002*

i47 x Md 7-7

0.336

0.187

i36 x Md 6-6

0.665

0.004*

i46 x Md 6-6

0.429

0.085

i35 x Md 5-5

0.227

0.380

i45 x Md 5-5

0.611

0.009*

i34 x Md 4-4

0.458

0.064

i44 x Md 4-4

0.608

0.010*

i33 x Md 3-3

0.394

0.118

i43 x Md 3-3

0.437

0.079

i32 x Md LA

0.125

0.631

i42 x Md LA

-0.222

0.390

i31 x Md LA

-0.121

0.642

i41 x Md LA

0.128

0.623

*Statistically significant for p<0.05.*
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Methodology

In this sample, patients were treated by different dentists, but in order to obtain
more reliable results, measurements were made by only one previously calibrated
examiner. The error study used to assess intra examiner reliability proved to be small
(IWASAKI

et

al.,

2013).

No

significant

differences

were

found

between

measurements at two different time points. This may have occurred due to highresolution images offering excellent view without overlapping structures.
CBCT benefits in the diagnosis and treatment plan in different dental
specialties has been widely reported in the literature (DE VOS; CASSELMAN;
SWENNEN, 2009; LAGRAVERE et al., 2009). Upper airway assessment was
highlighted due to the great advantages of 3D images. The CBCT analysis scans are
considered reliable in defining the border between soft tissues and air spaces thus
providing important information about the cross-sectional area and volume of the
pharyngeal airway (ABOUDARA et al., 2009; LENZA et al., 2010). Besides, the
CBCT system was developed for the analysis of the craniofacial complex with the
advantage of reducing the radiation dose and generating images with high quality
when compared to medical tomography scans (MOZZO et al., 1998; HONEY et al.,
2007; EL; PALOMO, 2014). However, when compared with resonance magnetic
images, CBCT scans has its limitation as difficulty in distinguishing between different
types of soft tissues, bordering the upper airway, muscles, fat, and connective tissue
(LENZA et al., 2010).
For the airways measurement, it was used the Dolphin Imaging® which is a
program that has already been described in the literature as a software that allows
this evaluation in a simple, practical way and with a minimum of errors (ALVES et al.,
2012; MATTOS et al., 2014), ensuring the reliability of the results obtained in this
study. Threshold of 30 was used, before and after orthodontic treatment with Damon
System to compare changes of the upper airways, except of four patients that had
their exams in other CBCT machine. However, according to Feng et al. (FENG et al.,
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2015) variations of threshold do not produce significant difference among the
measurements.
Patient age is another factor that can influence the upper airway
measurements. The craniofacial development obtained by growth can cause a
dimensions increase of the oropharyngeal airspace. The literature shows the
oropharyngeal airspace can suffer changes from growth until 13 years old (JEANS et
al., 1981). A quiescence period for pharyngeal structures has been reported in
adolescents with 14 from 18 years age (TAYLOR et al., 1996). Consequently, results
found in this study do not carry the risk of presenting bias, since the mean age of the
patients was of 14.99 ±1.27 years.
Studies showed that there is great variability in determining the boundaries of
the air spaces evaluated in the different papers. International consensus on the
region limits does not currently exist, particularly of the landmarks or planes used to
demarcate the junction of the nasal cavity, nasopharynx and between regions of the
pharynx. The present study evaluated only the alterations in the oropharyngeal
region, due to the difficulty of evaluating the nasopharyngeal. One study compared
the reliability and accuracy of airway measurement in three dimensions of three
different software programs. The authors observed a precision discrepancy in the
volume quantification between the different evaluated software. According to the
authors, the greatest divergences occurred during the nasopharyngeal evaluation,
due to the presence of several anatomical structures such as turbinates and nasal
septum (ABI-RAMIA et al., 2010).

Buccolingual inclination and arches dimension changes

The main advantage attributed to self-ligating brackets is the treatment time
reduction (EBERTING; STRAJA; TUNCAY, 2001; HARRADINE, 2001). However,
there is a lack of evidence due to conflicting findings. Some authors reported a
efficiency of self-ligating brackets in the alignment and leveling of the arches
(PANDIS; POLYCHRONOPOULOU; ELIADES, 2007; SCOTT et al., 2008; FLEMING
et al., 2009) and overall time (MILES, 2009) while others disagree, performing
prospective clinical studies (FLEMING; JOHAL, 2010; DIBIASE et al., 2011). The
treatment time mean in the present study was 2.58 ± 0.98 years, higher when
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compared to other studies that used self-ligating brackets (JOHANSSON;
LUNDSTRÖM, 2012; MACHIBYA et al., 2013), probably due patients treated by
different dentists.
The crowding correction in non-extractions cases treated promotes the
incisors buccal inclination and arches transverse increase, regardless of the bracket
type (CATTANEO et al., 2011; LOMBARDO et al., 2012; BASCIFTCI et al., 2014). In
this study, the Damon system produced arches dimensions changes and in the
pattern of tooth movement differently in the maxillary and mandibular arches. In the
maxillary arch, there was an increase in the interpremolar width (4.40 ± 1.55 mm)
with significant buccal inclination and a significant intermolar distances increase
without significant dental crowns alteration. This result corroborate with the literature.
According to the Damon system authors the low friction added to light forces allow a
physiological adaptation to which the lips would be able to avoid the incisors buccal
inclination and an expansion would be produced in the posterior teeth with body
movement and minimal buccal inclination (DAMON, 1998a, 1998b). Unlike this study,
Atik and Ciger (ATIK; CIGER, 2014) showed a buccal inclination of the maxillary
molars in a group treated with the Damon system. Yu et al. (GARRETT et al., 2008;
YU et al., 2008) compared the effects of Rapid Maxillary Expansion with the Damon
System for correction of dental crowding and showed that occurred molars buccal
inclination in both groups. Probably this results found in these works is related to the
amount of expansion promoted by the treatment. Another study where CBCT was
used to measure the inclination angle of the molars following rapid maxillary
expansion, the inclination angle was reported to have increased in the maxillary
posterior teeth (Ghoneima et al, 2010). This provides justification for excluding
patients with posterior crossbite, as these teeth, show more dental tipping than the
treatment effects on teeth in this study.
Studies regarding buccolingual molar inclination support the generally
accepted idea that palatal inclination of permanent molars in the coronal plane is part
of the normal occlusal scheme (ANDREWS, 1972; SMITH, 1986). In these studies,
the results showed that palatal tipping of the maxillary molars increased with age,
and this occurs as the arches increase in width in the molar region from 9 to 14 years
of age. The molar uprighting that was found in this sample during normal growth
justifies achieving a more upright posterior tooth position by the orthodontic treatment
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end. All maxillary molars palatal inclination showed, although not statistically
significant, an interesting increase in this sample. Our findings confirmed previously
reported results for subjects with Class I occlusion (FERRARIO et al., 2001;
MARSHALL et al., 2003) which studied buccolingual molar inclination in untreated
subjects with Class I occlusion. They reported that maxillary first and second molars
uprighted palatally by means of 3.3º and 5.9º, respectively. They concluded that the
3-dimensional inclination of the facial axis of the clinical crown changes from
adolescence to young adulthood, with an age-related palatal inclination. There is no
evidence that these findings are temporally related to the permanent second molar
eruption. Bjork (BJORK; SKIELLER, 1972) stated that tooth position changes
constantly to compensate for changes in jaw position during growth.
There was no significant increase in maxillary intercanine width. This is a
controversial result with literature, which show an increase in the intercanine width for
crowding corrections (TECCO et al., 2009; PANDIS et al., 2010; PANDIS et al., 2011;
VAJARIA et al., 2011). This can be justified because the maxillary canine position in
cases of significant absence of space. Normally, the canines are located in a more
buccal position relative to the adjacent teeth at the treatment beginning. Therefore,
when realizing the alignment and leveling with enlarged Damon arches there will be
no significant changes in its position at the treatment end, in the canine region. There
was a significant increase in maxillary length and can be justified by the significant
incisors labial inclination. Others studies found similar results in cases with crowding
treated with Damon System with non-extraction (LOMBARDO et al., 2012;
MALTAGLIATI et al., 2013; PANDIS et al., 2014).
In mandibular arch, the Damon System produced a significant increase in
intermolars, interpremolars and intercanines width confirming literature findings (YU
et al., 2008; ATIK; CIGER, 2014; ATIK et al., 2016). In cases with non-extraction the
literature shows that the passive self-ligating brackets produce an increase in the
intermolar width statistically higher than conventional appliances, even with different
degrees of initial crowding (PANDIS et al., 2010; PANDIS et al., 2011). However,
studies showed that arch expansion in the posterior region did not promote gain of
space in anterior region. The arch alignment is promoted with buccal inclination of
the incisors crown and an increase in the intercanine width (BURKE et al., 1998;
PANDIS; POLYCHRONOPOULOU; ELIADES, 2007; FLEMING et al., 2009).
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Although the intercanine width increased, the results of this study did not show a
significant increase in the mandibular length even with the buccal inclination of the
mandibular incisor crowns. This can be explained by the significant increase in
intercanine, interpremolar and intermolar widths. There was a significant increase of
the transverse measurements throughout the arch, which allowed the reduction of
labial tip of the mandibular incisors. Consequently, there was no significant increase
in arch length. This result in the mandibular arch corroborates Damon's affirmation
(DAMON, 1998a) that the use a low friction bracket system allows a greater distal
sliding of the wire during alignment avoiding excessive inclination of the anterior teeth
obtaining space through the transverse increase of the arches.

Upper airway changes with Damon System

The malocclusion type do not influence pharyngeal airway width (WATSON;
WARREN; FISCHER, 1968; DE FREITAS et al., 2006; ALVES et al., 2008).
However, literature shows that patients who presents maxillary constriction tend to
have a higher nasal airway resistance (CISTULLI; SULLIVAN, 2000) and reported
that in this cases a RME can be the treatment for respiratory disturbs (BUCCHERI;
DILELLA; STELLA, 2003; ZHAO et al., 2010; PANGRAZIO-KULBERSH et al., 2012;
RIBEIRO et al., 2012; SMITH et al., 2012). Some authors (SMITH et al., 2012; EL;
PALOMO, 2014) have reported a significant enlargement of the nasal cavity and
nasopharynx, but no significant increase in the other investigated airway
compartments, such as the oropharynx and hypopharynx, suggesting that effects on
the upper airway were local as a result of soft tissue adaptation farther from the
midpalatal suture (CHANG et al., 2013). However, studies have reported that the
increase in nasal air space promoted by RME resulted in the respiratory pattern from
mouth to a nasal due to improved airflow (GRAY, 1975). In addition, previous studies
have shown that the maxillary arch transverse increase in patients treated with RME
produced a change in tongue posture, especially when the intermolar distance was
increased (OZBEK et al., 2009).
In the present study patients presented severe initial crowding in the maxillary
arch (11.39 ± 5.11 mm) and in the mandibular arch (8.36 ± 3.56mm), were treated
orthodontically with the Damon system with non-extraction. The results showed that
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there was a significant increase in 4-4 / 5-5 / 6-6 / 7-7 width. However, there were no
significant changes in the oropharynx volume and dimensions with increased
transverse distances of the maxillary arch.
Since the tongue and soft tissues position of the pharynx are important factors
that may affect the shape and volume of the airways, it was speculated that the
transverse enlargement of the arch could alter the dimensions and volume of the
oropharynx. Iwasaki et al. (IWASAKI et al., 2013) performed a study that assessed
the secondary effects of RME by CBCT scans and concluded that there was an
improvement in tongue posture after treatment in patients with nasal obstruction who
had low tongue posture. However, there was no significant association with
increased pharyngeal airway volume. A similar result was found by Chang et al.
study (CHANG et al., 2013) who evaluated the transverse changes produced in the
maxillary arch in patients treated with RME using computed tomography and found a
mean increase of 4.8 mm in interpremolars and intermolars width although not found
significant differences in the total airway volume.
Other study investigated the upper airway changes after rapid maxillary
expansion utilizing CBCT in 16 children (10 male, 6 female) with a mean age of
12.73 ± 1.73 years. There is no significant changes in the nasopharyngeal airway
while the oropharyngeal airway decreased a little (ZENG; GAO, 2013). One of the
reasons were attributed for these results was the average expansion amount about
4.4 ± 1.3 mm, which may be not large enough to expand the pharyngeal airway.
Similar result was found in this study, which obtained a mean expansion amount of
4.40 ± 1.55 mm in the maxillary first premolars width. Despite the results found in this
study, there was a significant negative correlation between the changes of the upper
airway area (r = -0.691 p = 0.002) and volume (r = -0.707 p = 0.001) with the
mandibular arch length. According to Gurani et al. (GURANI et al., 2016) there is a
lack of data in the literature demonstrating the effects of tongue posture on upper
airway morphology and dimensions.

Limitations

Ideally, all initial and final CBCT scans should have been performed following
the same protocol using the same device. However, it was not possible due to the

Discussion 83

temporary unavailability of one device (i-Cat) during final CBCT scans period. Thus,
in order to avoid a reduction the patients number and make it unworkable, they were
kept in research, since during the initial tests was observed a homogeneity in the
image quality of both i-Cat, voxel size 0.25mm and Accuitomo, voxel size 0.33mm
devices.
The data from this study should be interpreted with caution, since the research
evidence for one CBCT machine may not apply to other equipment.

4 FINAL CONSIDERATIONS
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4 FINAL CONSIDERATIONS

The Damon System promoted significant expansion on the posterior region of
the dental arches, with higher expansion in premolars. In the maxillary, there was an
arch expansion with a significant buccal inclination of incisors and premolars while
molars showed no significant lingual inclination of crown. In the mandibular arch,
there was a significant expansion, (with exception left canine and left first molar)
Furthermore, there were significant increase of maxillary arch length, in contrast no
significant mandibular arch length changes were found at posttreatment with Damon
System. Regarding upper airway, there were no statiscally differences in dimensions
and volume after treatment with Damon System. These findings suggesting that the
dentoalveolar expansion crated by Damon System not produced a tongue position
changes capable of producing significant changes in the upper airways.
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