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Objective: Short-term evaluation of the changes in the position of permanent upper central incisors
after rapid maxillary expansion.

Method: This researchstudy comprised 33 mouth-breather patients with maxillary atresia, 9.51year-
old average age, 2.32 standard deviation and age ranging from 6.5 to 14.7years of age. Patients
underwent computed tomography in twostages: (T1) before rapid maxillary expansion and (T2) three
months after rapidmaxillary expansion. Five linear variables (1-NA, 1-N, 1-Cli, 1-ENP, (ENA-N)-1)
and five angular variables (SN.1, N-S.Cli-1, SN.(axis)l, N.ENA.ENP, Rhi-1.ENA-ENP) were
analyzed, all of them coming out from the incisal edge of thebuccal inclined upper central incisor.
With the data collected through the OsirixMD imaging program, the evaluations of individual
changes, before and afterrapid maxillary expansion procedures, were performed accordingly.

Results: Significant increase was found in the 1-N (+0.96mm, +1.3%, p=0.003) and inthe 1-Clinoid
(+1.26mm, +1.3%, p<0.001) linear variables and a decrease wasfound in the SN.1 (-1.61mm, -1.5%,
p=0.034) angular variable. The remainingvariables have not shown significant variables between
stages T1 and T2.

Conclusion: It can be concluded that there is significant protrusion and lingualinclination of the
permanent upper central incisor teeth after rapid maxillaryexpansion in a short-term evaluation
analysis.
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INTRODUCTION

in the nose size (Cappellette, 2008), and clockwise rotation of
the maxilla with a consequent increase of the facial height

Maxillary atresia is a very common early established
malocclusion that does not present self-correction (Angell,
1860; Angell et al., 1860 and Wertz, 1970) which justifies
thein dication of rapid maxillary expansion (RME) by several
orthodontists (Haas, 1959; Haas, 1961; Haas, 1970 and
Lagravere, 2005). There are several dental-skeletal effects
caused by RME, in which the main ones are the increase of the
transverse dimension of the maxilla and buccal inclination of
the upper dentoalveolar region (Haas, 1959; Haas, 1961;
Cappellette Jr., 2008; Kartalian, 2010), the opening of
themidpalatal suture (Garrett, 2008; Ballanti, 2010); alterations
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(Kartalian, 2010). However, one of the main changes occur in
the position of the permanent upper incisors in relation to the
bone bases and surrounding soft tissues. These changes should
be taken in consideration during the diagnosis, planning and
treatment progress, aiming at achieving facial balance
andharmony with long-term stable results (Ballanti, 2010;
Silva, 2010; Canuto, 2010; Habeeb, 2013; Cabrera, 2004). The
method of analysis most commonly used to evaluate the
transversal effects caused by rapid maxillaryexpansion was the
posteroanterior  cephalometric  radiographs (PA) and,
toevaluate the upper central incisors, lateral cephalograms
were used for suchpurpose bidimensional images were used to
evaluate the tridimensionalstructures (Wertz, 1970; Lagravere,
2005; Chung, 2004), making it difficult, in some opportunities,
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to identify and properlylocate the craniofacial structures
(Ballanti, 2010). Currently, computed tomographies (CT
scans) have become a moreaccurate tool to obtain a correct
diagnosis, being considered a reliable method providing high
precision information and data accuracy, producing real
sizeanatomical images 1:17,10,17. This research study aimed
at evaluating the changes in the position ofpermanent upper
central incisors after rapid maxillary expansion by computed
tomography in mouth-breather patients with maxillary atresia.

MATERIALS AND METHODS

A retrospective study was conducted andapproved by the
Research Ethics Committee under number 1.076.724, with
thesample comprised 33 patients (18 male subjects and 15
female subjects), 9.51year-old average age, 2.32 standard
deviation and age ranging from 6.5 to 14.7years of age.
Patients were mouth breathers, showing maxillary atresia, with
clinical evaluation of the RME. All of them were clinically
evaluated by anotolaryngologist (mouth breathing evaluation)
and by an orthodontist (maxillaryatresia evaluation).

J

in relation to the Frankfurtplane, and, vertically in relation to
the median sagittal plane (Cevidanes, 2009; Hassan, 2013)
correcting any deviations of the head position that could
interfere in the measurements of interest. The craniometric
points used in this research study (Hassan, 2013; Rhine, 1981;
Mutinelli, 2008; Tedeshi-Oliveira, 2009 and Cavanagh, 2011),
already consecrated and widely used in world literatura are
described in Table 1 and were marked based on the buccal
inclined permanent upper central incisor. The evaluated linear
variables are described in Table 2(Figure 2) and the angular
variables in Table 3 (Figure 3).

Statistical Analysis

The statistical analysis was performed using the Statistical
Packag for the Social Sciences (SPSS) program, version 22 for
Windows. A 5% significance level was considered for the
statistical  tests. Linear (mm) andangular (degrees)
measurements are characterized by the minimum (Min),
maximum (Max), mean (M) and standard deviation (SD). For
the analysis of the method of error, all variables were

Figure 1. 3D reconstruction window of multiplanar secctions (sagittal, axial andcoronal) with the head properly repositioned in relation
to the Frankfurt planeand the median sagittal plane

During CT scan procedures, the device was properlyadjusted
according to the skull size, with the KVp dose and the m As
respectingthe ALARA principle. CT scans were taken in two
stages: (T1) before RME and (T2) three months after RME.
The activation protocol of the expansion appliances (Hyrax —
Morelli® Brand) was 6/4 initial activation, with 2/4 activations
daily, until achieving the necessary amount of expansion
observed clinically by the position of the upper buccal bone
plate in relation to the lower portion of the Wala board,
allowing the control of the upper arch overcorrection when
compared to the lower arch.Comparisons between T1 and T2
were carried out with the aid of theOsiriX MD image
manipulation program (FDA approved, version 1.4.2;
Pixmeo,Geneva, Switzerland). With the tools provided by the
program, images ofmultiplanar windows were generated
(sagittal, axial and coronal) and used forthe desired
measurements (Figure 1). In order to standardize the head
between T1 and T2, the CT images were aligned horizontally

measured twice by two observers, at 30-day intervals between
the first and the second measurement. The Student’s T Test
was applied for paired samples as well as the Intraclass
Correlation Coefficient (ICC). The test results have shown no
significant differences (p> 0.05) when comparing the initial
measurements to the repetitions, neither on the repetitions
made by the same evaluator (intraevaluator), nor on the ones
made by the second evaluator (inter-evaluator). ICC values
were all above 0.90, indicating excellent consistency when
comparing the intra-evaluator measurements to the inter-
evaluator measurements. Therefore, the Student’s T Test and
the ICC results indicate excellent consistency and reliability of
the measurements, ensuring that there is no error neither on the
intra-evaluator measurements, nor on the inter-evaluator
measurements. In order to verify the sample size, the Student’s
T test was applied for paired samples, allowing to identify the
differences of small/median dimension (d = 0.44) no GE (n =
33) as significant ones, with 80% test power and 5%
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Figure 3. Angular variables — (A) SN.1; (B) N-S.Cli-1; (C) SN. (EIX0)1(D)N.ENA.ENP;(E)Rhi-1.ENA-ENP

significance level, confirming that this sample is enough to
validate the results obtained by this research study. The results
of the Shapiro-Wilk test have shown that for the studied
variables the significance levels were higher than 0.05 (p>
0.05) in all measurements (1st measurement, intra-evaluator
repetition and inter-evaluatorrepetition), both before RME and
after RME, indicating that the data studied presents a normal
distribution.

RESULTS

Pre and post-RME measurement results are described in Table
4. As for the linear variables, 1-ENA mean values have
increased from26.89 to 27.32 (+1.6%), however, such
differences have not shown to besignificant ones (p = 0.095).
Significant changes have been seen in 1-N (p =0.003,
+0.96mm, +1.3%) and in the 1-Clinoid (p< 0.001, +1.25mm
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+1.3%). Asfor the 1-ENP (p = 0.624) and the (ENA-N)-1(p =
0.369), there were nostatistically significant differences
between the pre and post-RMEmeasurements. Considering the
(ENA-N)-1, there was a 14.7% change in themean values

DISCUSSION

When conducting this research study, a major concern was to
besure that the sample used was reliable and adequate, so as

between the pre and post-RME procedures.

not to camouflageor change the interpretation of results.

Table 1. Cephalometric points based on the most buccaly inclined upper central incisor

POINT DEFINITION
1 Incisal edge of the permanent upper central incisor
ENA Anterior nasal spine
ENP Posterior nasal spine
N Nasion
Cli Posterior clinoid process
Axis 1 Long axis of the permanent upper central incisor
Rhi Rhinio
Table 2. Linear variable
Figure Variable Definition
2A 1-ENA In the sagittal window, it is located the ENA points and the incisal edge of the upper central incisor (1). The linear distance
between the points corresponds to the 1-ENA value.
2B 1-N In the sagittal window, it is located the incisal edge of the upper central incisor (1) and the Nasion point. The linear distance
between the points corresponds to the 1-Nvalue.
2C 1-Clinéide In the sagittal window, it is located the points of the incisal edge of the upper central incisors (1) and the sella turcica most
posterior, which is called Posterior Clinoid Process. The linear distance between the points corresponds to the 1-Cli value.
2D 1-ENP In the sagittal window, it is located the incisal edge points of the upper central incisor (1) and the most posterior point of
maxilla nasal spine, which is called Posterior Nasal Spine. The linear distance between the points corresponds to the linear
distance between the points corresponds to the 1-ENP value,
2E (ENA-N)-1  Firstly, a line is drawn connecting the Anterior Nasal Spine (ENA) and the Nasion Point (N). Then, the distance between the
incisal edge of the upper central incisor (1) to the extension of such line is linear measured.
Table 3. Angular Variable
Figure Variable Definition
3a SN.1 Angle formed between the incisal edge of the Upper Central Incisor (1), the Nasion point (N) and the Sella (S)
3b N-S.Cli-1 Angle formed by the lines passing through the N point (Nasion) the S (Sella turcica) and the incisal edge of the
upper central incisor (1) and the Posterior Clinoid Process(Cli)
3c SN.(axis)1l Angle formed by the lines passing through the N point (Nasion), S point (Sella turcica) and upper central
incisor long axis (axis1)
3d N.ENA.ENP Angle formed by points Posterior Nasal Spine (ENP), Anterior Nasal Spine (ENA) and Nasion (N)
3e Rhi-1.ENA- Angle formed by lines passing through the ENA (Anterior Nasal Spine), ENP (Posterior Nasal Spine), incisal
ENP edge of the upper centralincisor
(1) and Rhinio point (Rhi)
Table 4. Characterization and comparison of pre-and post-RME (n=33)
Variables Pre-rme Post-rme Diference P
Linear Min Max M Dp Min Max M Dp M %
1-ena 21.68 35.49 26.89 3.01 20.26 36.53 27.32 322 043 1.60% 0.095
1-n 60.29 86.44 72.72 5.82 60.14 87.22 73.68 5.9 096  1.30% 0.003
1-cli 78.28 109.61 94.79 6.88 79.61 110.01  96.04 6.65 1.25 1.30% <0.001
1-pne 42.73 63.87 52.31 52 39.02 63.91 52.13 5.3 -0.18  -0.40% 0.624
(ane-n)-1 -8.25 52 -3.7 3.12 -8.17 6.27 -3.16 417 054 14.70% 0.369
Angular
S.n.1 66.73 94.41 84.91 5.34 65.87 92.53 85.18 566 027  0.30% 0.423
N-s.cli-1 45.89 59.09 52.37 3.48 47.14 60.67 52.89 3.69  0.52 1.00% 0.14
Sn.(eixo)1 93.6 119.29 106.7 6.79 90.12 11833 105 7.2 -1.61  -1.50% 0.034
N.ane.pne 81.19 93.23 86.63 3.03 80.84 93.75 86.42 314 -021 -0.20% 0.478
Rhi-1.ane-pne 71.77 91.9 82.37 4.52 74.14 94.65 82.12 4.6 -0.26  -0.30% 0.539

@p — Significant values of the t Student test for paired samples

Regarding the angular variables, significant differences were
only seenwhen comparing the pre and post-RME procedures in
the SN variable.(axis)1 (p= 0.034). For such variable, the mean
value has decreased from 106.65 t0105.03 (-1.61mm, -1.5%).
In the S.N.1 (p = 0.423), N-S.CLI-1 (p = 0.140), N.ENA.ENP
(p = 0.478) and Rhi-1.ENA-ENP (p = 0.539), the pre and post-
RME differences were not significant.

By applying the inclusion and exclusioncriteria, it was possible
to obtain a sample of 33 subjects, which was larger thanany of
the samples analyzed by Bazargani et.al.24 The analysis of the
samplecalculation for the sample size showed 80% power at
5% significance level, showing that this sample was adequate
to validate this study. Another concern was with the
reproducibility of the method, attempting to conduct a simple
and reproducible methodology. The method oferror analysis to
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check the intra and inter-observer reliability has shown that
theresults have indicated excellent reliability and consistency
for both the intra andinter-observer measurements, ensuring
that there is no error, with p>0.05 andICC above 0.90. In
conducting the data normality tests, it was noted that
allmeasures evaluated present normal distribution (p>0.05).
All intra and interobserverevaluations were performed using
the same program (Osirix— Dias et al, 2013) and with
computers from the same brand, specification and with the
same screen configuration to avoid differences in images as
advised by Baratieri, et. al. 25 With the great variety of
displays available in the market, asuggestion is to have new
studies on screen standardization, because in ananalysis of
image quality and sharpness, this would be very important to
avoid possible bias in the works. The selected cephalometric
points were taken from relevant scientificarticles (Lagravere,
2005; Habeeb, 2013; Hassan, 2013; Rhine, 1980; Mutinelli,
2008 and Tedeshi-Oliveira, 2009). In order to properly mark
the selected points on the CTscans to avoid errors or
distortions during the interpretation of results, the headwas
repositioned in all CT scans before marking the cephalometric
points. According to Cevidanes et al. and Hassan et al. the
standardization of thehead position before the analysis is very
important to confirm the accuracy and reliability of results, as
small changes in the head positioning can causedistortions.
Once we were sure that we had an adequate sample and a
reliable methodology, then, we decided to conduct a research
study that would evaluatethe changes in the inclination of
permanent central incisors after RME, by CTscans, in mouth-
breather patients with maxillary atresia. This research study
was motivated by the lack of data in the literature on the
subject in terms of values accuracy. Therefore, a great
approach was needed on the measurements of the topics in
question.

The indication of wundergoing a patient to CT scan
examinations should bemade with great care, only when the
benefits of the diagnosis and treatmentoutweigh the risks of a
higher dose of radiation 27. All patients who haveparticipated
in this research study have undergone CT scan examination
bymedical indication, respecting the ALARA principle.
Therefore, no human beingwas exposed to ionizing radiation
for the sole purpose of the study. In this research study, the
evaluation of the linear dental changes showedthat there was a
protrusion of the permanent upper central incisors by
theincrease in the 1-N = +0.96mm measurement (+1.3%),
comparing T1 to T2,and in the 1-Cli measurement, that has
increased by +1.25mm (+1.3%). Both 8 results have shown to
be significant with p=0.003 and <0.001 respectively.
Considering the angular analysis, the SN. (axis 1)
measurement has decreasedby 1.62° (-1.5%) with p=0.034,
showing a simultaneous lingual inclination of theincisor teeth.
Similar results were observed by several authors (Haas, 1959;
Haas, 1961; Silva, 2010; Habeeb, 2013; Gurel, 2010; Miner,
2012) and Silva Filho et al. (2010), relating the behavior of the
central incisors with RME. This was reported in a study
conducted with 20 children, observing the spacingof the
crowns with the greatest separation in the anterior region, in
which thebuccal inclination of the incisors has not shown
clinical significance. Gurel et al. (2010), reported that the RME
significantly decreases the overbite, increasingthe overjet,
showing statistically significant decrease of both the overjet
and theoverbite during the post-retention evaluation. However,
Kartalian et al. (2010), reportedan increase in all dimensions
but showed no significant amount of dental inclination post-

RME. Regarding the alveolar inclination, it was observed some
significance when comparing the studied group to the control
group. The fact that justifies the simultaneous protrusion and
lingual inclination of the incisor teeth is that the RME
promotes a shift of the maxilla forwards and down wards
(Wertz, 1970; Cappellette, 2008; Habeeb, 2013; Moss, 1968;
Moss, 1968; Beaini, 2013 and Leri, 2015) and, consequently,
the upper lip exerts pressure overthe incisors causing lingual
inclination (Haas, 1959; Haas; Haas, 1961; Silva Filho, 2010;
Habeeb, 2013). Miner et al. (Miner, 2012) have investigated
the relationship in the transverse dimension in 241 patients,
carrying out dental and skeletal evaluation and, in one of their
conclusions, have admitted that there are dental compensations
both in the maxilla and in the mandible. Short-term results lead
us to believe that the changes in the position of the permanent
upper central incisors are minor, occurring solely by the RME
procedure that moves the maxilla forward and downward, with
greater participation of the labial muscles over these teeth.
These data corroborate tothe findings of further authors
regarding the effect of the maxillary expansion (Kartalian,
2010; Cabrera, 2013; Baratieri, 2010; Miner, 2012; Phatouros,
2008 and Toklu, 2015). Long-term studies should be
conducted to verify the stability of the incisorteeth over the
time, remembering that these changes should be taken
intoconsideration during the diagnosis, planning and treatment
progress stages, aiming at achieving the maximum balance and
facial harmony with themaximum possible stability.

Conclusion

According to the results achieved in this research study, the
comparisonsbetween the pre and post-RME for the studied
variables allow us toconclude that there was a slight protrusion
and lingual inclination of thepermanent upper central incisor
after RME.
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