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INTRODUGAO GERAL

No passado, a principal ferramenta para avaliacdio dos resultados de tratamentos
ortoddnticos e cirdrgicos era a superposicdo de radiografias cefalométricas. Através da sobreposi¢do
da base do cranio, pela coincidéncia de tragados, os profissionais tomavam as conclusdes a respeito
das terapias empregadas nos pacientes. A superposicio de tracados apresenta uma série de
limitacbes, especialmente relacionadas a utilizacgdo de uma imagem radiografica bidimensional

tomadas de um objeto tridimensional, a face.

Recentemente, a tomografia computadorizada do feixe coénico (TCFC) tornou-se uma
ferramenta de diagndstico muito popular, com varias aplicagdes em Odontologia. Uma delas é a
superposicdo tomografica, que se tornou a técnica padrdo para a avaliacdo dos resultados do

tratamento.

Existem trés tipos basicos de superposicdo tomografica: baseado em pontos anatémicos,
baseado em superficies e baseado em voxels. As primeiras publicacdes avaliando o resultado de
cirurgias ortognatica foram utilizando o método através da superposicio de pontos anatomicos.
Cevidanes et al. em 2005 foram os primeiros a introduzir um método de superposicdo baseado em
voxels. Os autores usaram a base craniana como referéncia para sobrepor dois ou mais exames

obtidos em pacientes adultos.

A superposicdao por voxels é o método mais eficiente pois compara as estruturas de
referéncia ndo-modificaveis de dados volumétricos (voxel por voxel), ndo depende da identificacdo

dos pontos anatémicos e ndo tem a limitagdo dos erros durante o processo de segmentacao.

O método de superposicdo por voxels da base do cranio é a referéncia para a maioria das
publicagbGes que avaliam o resultado apds cirurgias ortognaticas. Trata-se de um excelente método
para compreender as mudancas na maxila e na mandibula em relacdo a base craniana,

especialmente no sentido das mudancas estéticas na face.

Atualmente discute-se muito o impacto da cirurgia ortognatica nos tecidos da articulagdo

témporo-mandibular (ATM), especialmente as alteragGes nos condilos mandibulares. Utilizando a



suporposicdo pela base do crdnio é possivel avaliar as mudancas na posicdo dos condilos, pré e pds

tratamento, limitando-se apenas no resultado no sentido de movimentacgao, torque e angulacgdo.

Entretanto, a avaliacdo das alteracGes morfoldgicas do condilo pode ser limitada caso o
método seja pela superposicdo da base do cranio. Avaliar as alteracdes de forma sd é possivel
qguando dois objetos sdo superpostos na mesma posicdo. Na maioria dos casos de cirurgia
ortognatica ha uma mudanca na oclusdo, juntamente com uma mudancga da posi¢cdo do segmento
condilar. Dessa forma, a superposicdo pela base do cranio gera a superposicdo de condilos em

diferentes posicdes, portanto perde-se a capacidade de comparar a morfologia.

Uma alternativa para esta limitacdo é a superposicdo regional. O objetivo desta pesquisa é
validar um método e avaliar as alteragGes morfoldgicas dos condilos mandibulares em pacientes
submetidos a cirurgia ortognatica bimaxilares, utilizando a superposicio de TCFC, através da

sobreposicdo isolada do segmento condilar.



OBIJETIVOS

OBJETIVO GERAL

- Validar um método de superposicdo regional para sobreposi¢cdo de tomografias de face;

- Avaliar as alteracdes morfoldgicas do céndilo mandibular apds a realizacdo de cirurgia

ortognatica bimaxilar.

OBJETIVOS ESPECIFICOS

- Testar a maxila e a mandibula como opg¢Ges para superposicdo de estruturas fixas como

alternativa ao uso da base do cranio (método tradicional de referéncia para superposicao);

- Apresentar uma metodologia que permita a sobreposicdo mandibular, pds cirurgias
ortognaticas, utilizando o segmento proximal da mandibula, referente ao ramo e céndilo mandibular,
como referéncia fixa.



DISCUSSAO GERAL

Cevidanes et al. em 2005 foram os primeiros a introduzir um método de superposicao
baseado em voxels. Os autores usaram a base craniana como referéncia para sobrepor dois ou mais
exames obtidos em pacientes adultos. A superposi¢do por voxels é o método mais eficiente pois
compara as estruturas de referéncia ndo-modificaveis de dados volumétricos (voxel por voxel), ndo
depende da identificagdo dos pontos anatdmicos e ndo tem a limitacdo dos erros durante o processo

de segmentacao.

O método baseado na superposicdo de pontos de referéncia foi relatado por McCance et al.
em 1992. Eles usaram cinco referéncias para sobrepor tomografias antes e depois cirurgia
ortognatica. Este método ndo é mais utilizado, provavelmente devido a falta de consisténcia na

selecdo manual dos pontos de referéncia.

O método baseado na superposicdo de superficie € uma alternativa, esta técnica tem sido
relatada como sendo altamente bem sucedida no estudo de Almukhtar et al., que comparou a
sobreposicdo da bse do cranio utilizando os métodos de superposicdo de superficie e de voxels e ndo

encontrou diferenga estatisticamente significativa entre os métodos.

Apesar dos resultados semelhantes encontrados por Almukhtar et al., existem duas
principais vantagens do método baseado em voxels. Primeiro, ndo ha necessidade de criar um
modelo de superficie, que exige tempo e um arquivo extra, provavelmente exigindo o uso de
diferentes softwares. Em segundo lugar, o método baseado em voxels permite avaliacdo facil das
superficies internas, uma vez que as estruturas sobrepostas podem ser vistas nos cortes
multiplanares (axial, sagital e coronal). Na técnica de superficie apenas as superficies externas podem

ser avaliadas uma vez que a reconstrucdo multiplanar ndo é sobreposta.

O uso da maxila ou da mandibula como referéncia para a sobreposicdo em vez da base do
cranio foi introduzido recentemente e é conhecido como superposi¢cdo regional. A superposigdo
regional tem a vantagem de diminuir a dose de radia¢do necessaria por utilizar um FOV menor, sem a
necessidade de incluir toda a base do cranio durante a tomada tomografica. Este Koerich et al.

descreveram este método permitindo a aplicacdo para diversas outras finalidades como avaliagdo de

Q



enxertos, precisdo do posicionamento de implantes, reabsorcdo alveolar, entre outras. Além disso,
os autores citaram que, dentre as metodologias conhecidas, a superosicdo regional seria a técnica
ideal para avaliacdo dos processos de reabsorcdo e hiperplasia condilar, onde a sobreposicdo

regional da mandibula torna-se uma necessidade.

n



ARTIGO 01 — SUPERPOSICAO BASE DO CRANIO

Soft Tissue Evaluation After Bimaxillary Orthognathic Surgery with 3D Cone Beam Computed

Tomography Superimposition: Preliminary results

Facial soft tissues may change after skeletal movements in orthognathic surgery. The proportion
between hard and soft tissues changes was constantly discussed, especially in two-dimensional
analysis of the facial profile with lateral cephalograms superimposition. Recently, with the
introduction of the cone beam computed tomography (CBCT), a new era of three-dimensional (3D)
analysis has arised. However, these studies are frequently associated with a variety of different
software’s which demands several file format conversions and computers with high processing

capacity.

The purpose of this study was to evaluate and compare the differences and correlation between hard
and soft tissues after skeletal movements in skeletal Class Ill subjects who underwent double-jaw
surgery. Preoperative (TO) and 6-months postoperative (T1) DICOM images of Cone Beam CT (CBCT)
scans were superimposed using Ondemand3D (CyberMed, Seoul, Korea) and after assessed three
dimensionally using Dolphin3D (Dolphin Imaging &Management Solutions, Chatsworth, Calif). These
were CBCTs of a sample of 10 non-consecutive skeletal Class Ill subjects. Skeletal movements were
recorded at Point A and Point B. Eight soft tissue points in the median sagittal plane and others 38
soft tissue points in parasagittal planes in the middle and lower thirds of the face were evaluated.
Significance of differences between the time intervals and significance of correlation existing

between these points were assessed.

Proportions between hard and-soft tissues in the median sagittal plane were similar to those
reported in twodimensional studies. This ratio decreased to points further from the midline.
Correlation between hard and soft tissues in the mandible was greater than in the maxilla. Similarly,
correlations only between soft tissues, an aspect that has rarely been discussed in published articles,
presented a greater correlation in the mandible. Results were similar to those found in studies on

single-jawsurgery for both the maxilla and the mandible. The absence of the need to convert file
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formats between different computer programs allows surgeons to use the analysis presented to

evaluate their cases in their clinical routine using userfriendly programs.

Further researchwill benefit from the constant technological developments in computed tomography

scans and computer programs, especially in the field of facial evaluation after orthognathic surgery.

References:

1. Lee JY, Kim YI, Hwang DS, Park SB. Effect of setback Le Fort | osteotomy on midfacial soft- tissue
changes as evaluated by cone-beam computed tomography superimposition for cases of skeletal

Class Ill malocclusion. Int J Oral Maxillofac Surg 42:790, 2013

2. Kim BR, Oh KM, Cevidanes LHS, Park JE, Sim HS, Seo SK, et al. Analysis of 3D Soft Tissue Changes
After 1- and 2-JawOrthognathic Surgery in Mandibular Prognathism Patients. J Oral Maxillofac Surg
18:151, 2012
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Soft Tissue Evaluation After Bimaxillary
Orthognatbic Surgery with 3D Cone Beam
Computed Tomograpby
Sumperimposition: Preliminary results

J. D. P. Claus: Pontificie Universidade Catolica PUC/RS,
R. B. Oliveira, O. E. Becker, A. Weissheimer, M. E Melo,
O. L. Haas Jr., N. Scloari

Facial soft tissues may change after skeletal movements
in orthognathic surgery. The proportion between hard
and soft tissues changes was constantly discussed, espe-
cially in two-dimensional analysis of the facial profile
with lateral cephalograms superimposition. Recently,
with the introduction of the cone beam computed
tomography (CBCT), a new era of three-dimensional
(3D) analysis has arised. However, these studies are
frequently associated with a variety of different soft-
ware’s which demands several file format conversions
and computers with high processing capacity.

The purpose of this study was to evaluate and compare
the differences and correlation between hard and soft tis-
sues after skeletal movements in skeletal Class III subjects
who underwent double-jaw surgery. Preoperative (T0)
and G6-months postoperative (T1) DICOM images of
Cone Beam CT (CBCT) scans were superimposed using
Ondemand3D (CyberMed, Seoul, Korea) and after as-
sessed three dimensionally using Dolphin3D (Dolphin Im-
aging & Management Solutions, Chatsworth, Calif). These
were CBCTs of a sample of 10 non-consecutive skeletal
Class III subjects. Skeletal movements were recorded at
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Point A and Point B. Eight soft tissue points in the median
sagittal plane and others 38 soft tissue points in parasagit-
tal planes in the middle and lower thirds of the face were
evaluated. Significance of differences between the time
intervals and significance of correlation existing between
these points were assessed.

Proportions between hard and-soft tissues in the me-
dian sagittal plane were similar to those reported in two-
dimensional studies. This ratio decreased to points further
from the midline. Correlation between hard and soft tis-
sues in the mandible was greater than in the maxilla. Simi-
larly, correlations only between soft tissues, an aspect that
has rarely been discussed in published articles, presented
a greater correlation in the mandible. Results were similar
to those found in studies on single-jaw surgery for both the
maxilla and the mandible. The absence of the need to
convert file formats between different computer pro-
grams allows surgeons to use the analysis presented to
evaluate their cases in their clinical routine using user-
friendly programs.

Further research will benefit from the constant techno-
logical developments in computed tomography scans
and computer programs, especially in the field of facial
evaluation after orthognathic surgery.

References:

1. LeeJY, Kim YI, Hwang DS, Park SB. Effect of setback Le Fort I os-
teotomy on midfacial soft- tissue changes as evaluated by cone-beam
computed tomography superimposition for cases of skeletal Class 111
malocclusion. Int J Oral Maxillofac Surg 42:790, 2013

2. Kim BR, Oh KM, Cevidanes LHS, Park JE, Sim HS, Seo SK, et al. Anal-
ysis of 3D Soft Tissue Changes After 1- and 2-Jaw Orthognathic Surgery in
Mandibular Prognathism Patients. J] Oral Maxillofac Surg 18:151, 2012
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ARTIGO 02 — SUPERPOSICAO REGIONAL

THREE-DIMENSIONAL MAXILLARY AND MANDIBULAR REGIONAL SUPERIMPOSITION USING
CONE BEAM COMPUTED TOMOGRAPHY: A VALIDATION STUDY

This study aimed to validate a novel method for fast regional superimposition of
cone beam computed tomography (CBCT) scans. The method can be used with smaller field
of view scans, thereby allowing for a lower radiation dose. This retrospective study used two
dry skulls and secondary data from 15 patients who had more than one scan taken using the
same machine. Two observers tested two types of regional voxel-based superimposition:
maxillary and mandibular. The registration took 10-15 s. Three-dimensional surface models
of the maxillas and mandibles were generated via standardized threshold segmentation, and
the accuracy and reproducibility of the superimpositions were assessed using the iterative
closest point technique to measure the root mean square (RMS) distance between the
images. Five areas were measured and a RMS <0.25 was considered successful. Descriptive
statistics and the intra-class correlation coefficient (ICC) were used to compare the intra-
observer measurement reproducibility. The ICC was 20.980 for all of the variables and the
highest RMS found was 0.241. The inter-observer reproducibility was assessed case by case
and was perfect (RMS 0) for 68% (23 out of 34) of the superimpositions done and not
clinically significant (RMS < 0.25) for the other 32%. The method is fast, accurate, and

reproducible and is an alternative to cranial base superimposition.
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int. J. Oral Maxillofac. Surg. 2016; 45: 662-669
http://dx.doi.org/10.1016/).ijom.2015.12.006, available online at http://www.sciencedirect.com

Three-dimensional maxillary
and mandibular regional
superimposition using cone
beam computed tomography: a
validation study

L. Koerich, D. Burns, A. Weissheimer, J. D. P. Claus: Three-dimensional maxillary
and mandibular regional superimposition using cone beam computed tomography: a
validation study. Int. J. Oral Maxillofac. Surg. 2016, 45: 662-669. © 2015
International Association of Oral and Maxillofacial Surgeons. Published by Elsevier
Ltd. All rights reserved.

Abstract. This study aimed to validate a novel method for fast regional
superimposition of cone beam computed tomography (CBCT) scans. The method
can be used with smaller field of view scans, thereby allowing for a lower radiation
dose. This retrospective study used two dry skulls and secondary data from 15
patients who had more than one scan taken using the same machine. Two observers
tested two types of regional voxel-based superimposition: maxillary and
mandibular. The registration took 1015 s. Three-dimensional surface models of
the maxillas and mandibles were generated via standardized threshold
segmentation, and the accuracy and reproducibility of the superimpositions were
assessed using the iterative closest point technique to measure the root mean square
(RMS) distance between the images. Five areas were measured and a RMS < 0.25
was considered successful. Descriptive statistics and the intra-class correlation
coefficient (ICC) were used to compare the intra-observer measurement
reproducibility. The 1CC was >0.980 for all of the variables and the highest RMS
found was 0.241. The inter-observer reproducibility was assessed case by case and
was perfect (RMS 0) for 68% (23 out of 34) of the superimpositions done and not
clinically significant (RMS < 0.25) for the other 32%. The method is fast, accurate,
and reproducible and is an alternative to cranial base superimposition.
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Cone beam computed tomography (CBCT)
has become a very popular diagnostic tool,
with several applications in dentistry. One
of these is the superimposition of CBCT

0901-5027/050662 + 08 (

scans, which has become the state-of-the-art
technique for the assessment of treatment
outcome, for which CBCT is indicated. It
allows clinicians and researchers to better

understand the treatment outcomes and
improve techniques.

In medical imaging, the process of spa-
tially superimposing three-dimensional

2015 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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(3D) images is called image superimposi-
tion, image registration, or fusion.’ There
are three basic types of superimposition
that clinicians need to know: (1) point
landmark-based, (2) surface-based. and
(3) voxel-based.” The latter and most
efficient method compares non-changing
reference structures in volumetric data
voxel by voxel, does not depend on land-
mark identification as in the point-land-
mark-based method, and is not limited by
segmentation errors as in surface-based
methods.

In orthodontics and oral and maxillofa-
cial surgery, the superimposition of CBCT
scans with a large field of view (FOV) has
been used to assess orthopedic and surgi-
cal outcomes.” ~ Cevidanes et al. were the
first to introduce a voxel-based method for
the superimposition of CBCT scans into
dentistry; they used the cranial base as the
reference to superimpose two or more
CBCT scans obtained from non-growing
patients.” Despite its excellent research
application, this method involves the use
of different software programs and is time-
consuming. Nada et al., using a different
software program, tested voxel-based su-
perimposition using either the anterior
cranial base or the left zygomatic arch
as the reference in non-growing patients.”
The FOV of the CBCT and the radiation
exposure could be reduced slightly with
the zygomatic arch superimposition. De-
spite the good results using each structure
as the reference, the method used for each
superimposition was also time-consuming
(30-40 min).

Most of the studies mentioned above
were performed to understand changes in
the maxilla and/or the mandible in relation
to the cranial base in large FOV scans.
There are two problems with this tech-
nique: (1) a large FOV is needed to
appreciate localized changes in the maxil-
la and (2) even with a large FOV, the
changes in the mandible are not assessed
accurately because the mandible can have
a different position in each scan. The issue
is that a large FOV exposes the patient to a
higher radiation dose compared to the use
of a medium or small FOV.” Therefore, a
different method that allows fast, reliable,
and accurate 3D regional superimposition
of CBCT scans with smaller FOVs and a
lower radiation dose is needed.

As stated previously, the voxel-based
technique is not new, however superimpo-
sition using the maxilla and the mandible as
the reference is. Therefore, the aim of this
study was to test the accuracy and the
reproducibility of a regional superimposi-
tion method for the maxilla and mandible in
non-growing patients using CBCT.

3D regional superimposition using CBCT

Materials and methods
Subjects and CBCT scan

The study was approved by the necessary
cthics committee. The sample for this
retrospective study comprised the CBCT
files for two dry skulls obtained from the
Oral Diagnostic Science Department of
Virginia Commonwealth University and
secondary data from 15 patients who had
undergone either surgical treatment (cor-
onectomy of wisdom teeth and bone
grafts) and/or orthodontic treatment at a
private practice. The CBCT scans were
taken between April 2009 and March 2015
and the patients ranged in age from 27 to
65 years. All of the patients had either full
dentitions or were partially edentulous.
Inclusion criteria for the human subjects
were (1) non-growing patient, with (2) two
CBCT scans (T1 and T2) taken using the
same machine and with the same voxel
size (0.25 mm). Exclusion criteria were
(1) same patient with CBCT scans from
different machines, (2) CBCT scans with a
different voxel size between T1 and T2.
The dry skulls images were acquired
with a Kodak Carestream 9300 (Care-
stream Health Inc., Rochester, NY, USA)
and 13.5x 17cm FOV, scan time of
11.3 s, set at 85 kVp, 4 mA, and 0.3-mm
voxel size. Two images of each dry skull
were taken, modifying its position between

663

T1 and T2. These images were used as a
gold standard since there was no bony
change between T1 and T2. The patient
images were acquired with an i-CAT scan-
ner (Imaging Sciences International LLC,
Hatfield, PA, USA)and 16 x 13 cm FOV,
scantime of 27 s, setat 120 kVp, 8 mA, and
isotropic 0.25-mm voxel size. The DICOM
(Digital Imaging and Communication in
Medicine) files were imported into OnDe-
mand 3D v1.0.10.5261 (Cybermed Inc.,
Seoul, Korea). The T2 scan was taken
between 4 and 24 months (average 12.3
months) after T1.

3D image processing

A summary of the method is given
in Fig. 1. One observer cropped the
CBCT files from T1 and T2 to simulate
a 10 x5cm FOV scan, obtaining a
significant amount of the maxillary and
mandibular area. The crops were done
as shown in Fig. 2: this resulted in a
total of four images: T1 mandible, T1
maxilla, T2 mandible, and T2 maxilla.
The software used allows the clinician
to crop in any dimension, and the infer-
osuperior crops are done precisely by
selecting the number of slices that the user
wants to keep. In the present study, 200
slices were used to simulate 5 cm of height
(200 x 0.25 mm=5cm). The software

CBCT files imported
to OnDemand 3D

7\

T1 mandible and

maxilla cropped

Observer 1:

T2 mandible and
maxilla cropped

in T1 for Md and Mx

Superimposition of T2 l

Observer 2:
Superimposition of T2
in T1 for Md and Mx

Md and Mx segmentation
of T1 and both T2S

!

Files exported as STL

|

Imported into VAM — Measured
distances from T2S to T1 twice.

Test accuracy and
measurement reproducibility

Measured distance from T2S
observer 1 to T2S observer 2.

Test superimposition
reproducibility

Fig. 1. Flowchart of the method. The blue boxes are steps done using OnDemand 3D and the
green boxes are steps done using VAM (Md, mandible; Mx, maxilla; T2S, T2 superimposed).
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664 Koerich et al.

Fig. 2. (A) Full skull before crop. (B) Maxilla cropped, and (C) mandible cropped. Each image was cropped to simulate a 10 x 5 cm CBCT. The
maxillary crop included the upper teeth, alveolar process, and part of the zygomatic bone, avoiding the inclusion of the zygomatic arch as a whole.
The mandibular crop included the lower teeth, corpus, angle, and part of the ramus.

does not allow precise cropping in the
anteroposterior  dimension,  therefore
the CBCT scans were approximately
10 cm. The images were saved in the
software database.

Two observers (L.K. and A.W.)
attempted to perform the regional superim-
position independently. For the mandibular
superimposition, the cropped mandibular
files from T1 and T2 were opened using
the *fusion” tab of the software. The fusion
module allows the observer to manually
move T2 as close as possible to the position
of T1 and also allows the observer to do an
automatic  voxel-based superimposition.

T1CBCT

R RSk,

The superimposition process took approxi-
mately 10-15s. The software reads the
voxels from the whole scan in T1 and tries
to match them with a similar area in T2.
Although the software had a tool to focus on
the voxels of a specific region of interest,
this was not needed in the present study. For
the maxillary superimposition, the stable
arcas included in the crop were the zygo-
matic process of the maxilla and the palate.
For the mandible, the stable areas were the
symphysis, corpus, and part of the ramus.

After the superimposition had been done
(Fig. 3), the T2 file in its new orientation
was saved (T2 superimposed, T2S). One

-

observer (L.K.) was responsible for seg-
menting T1 and T2S mandibular files using
the *3D picker’ tool inside the *3D* module.
All the segmentations were standardized at
381-382 grey levels and the segmented
files were exported in STL format (Stan-
dard Tessellation Language) using the soft-
ware parameters of 0.005 reduction error
and a smooth of 1. The same steps were
done for the maxillary cropped area.

One observer imported all six STL files
(T1 maxilla and mandible and T2S maxilla
and mandible for cach observer) into VAM
(Canfield Scientific, Fairfield, NJ, USA)and
performed measurements with the iterative

T2 CBCT

Fig. 3. (A) Sagittal and (B) axial views of the maxilla before superimposition, and the same (C) sagittal and (D) axial views after the maxillary
superimposition. Note that in the maxillary area, the T1 and T2 images match, while in the mandible (white arrows), they do not.

1



3D regional superimposition using CBCT

665

Fig. 4. Areas of interest measured and colour-coded map ranging from 0.4 to —0.4 mm. (A) Lateral view of the maxilla; (B) latero-inferior view of
the maxilla: (C) anterior view of the maxilla: (D) lateral view of the mandible; (E) anterior view of the mandible.

closest point (ICP) technique. The ICP mea-
sures the smallest distance between two
surfaces, providing the root mean square
(RMS). A RMS value smallerthan 0.25 mm
(the voxel size) and errors for living subjects
comparable to those found with the dry
skulls were required to prove that the super-
imposition method is accurate. The aim was
to perform the measurements in stable arcas
not influenced by the alveolar changes. In
the maxilla, measurements were made at the
lower border of the zygomatic alveolar
crest, anterior and posterior to the zygomatic
maxillary suture (Fig. 4A-C). In the man-
dible, the measurements were made at the
basal bone of the chin prominence and distal
to the mental foramens on both
(Fig. 4D, E).

To prove that the method is reproducible,
the ICP was used to measure the distances

sides

between T2S of operator 1 and T2S of

operator 2. The RMS value was obtained:
the distance between the models should be
smaller than 0.25, while 0 would be con-
sidered perfect. The measurements were
repeated by the same operator after 10 days
to ensure reproducibility. The results were
exported to an excel spreadsheet.

Statistical analysis

The statistical analyses were done using
IBM SPSS Statistics software version 22.0
(IBM  Corp.,, Armonk, NY, USA).

Descriptive statistics for the RMS were
obtained separately for the dry skulls and
the human subjects. Intra-examiner agree-
ment for the measurements was assessed
by means of the intra-class correlation
coefficient (ICC) and descriptive statistics
with mean differences and confidence
intervals set at 95%, and included the
living subjects and dry skulls. The values
for inter-examiner reproducibility are
reported individually.

Results

Table 1 shows the descriptive analysis of

the cases. The highest RMS found for the
dry skulls was 0.195 and the highest mean

RMS was 0.184. For the human subjects,
the highest RMS was 0.241 and the high-
est mean was 0.105.

Table 2 shows the ICC and descriptive
results. All the values for the ICC were
higher than 98%. showing the excellent
reproducibility of the measurements. The
descriptive results confirmed the excellent
reproducibility of the measurements, with
all mean values smaller than —0.005 -
—0.013.

Table 3 shows the case-by-case analysis
of method reproducibility; RMS was com-
pared between the two observers. The
results for the two dry skulls were perfect
for the mandible and maxilla (RMS = 0).
For the human subjects, the result was

Table 1. Descriptive statistics for the dry skulls and human subjects.”
Min Max Mean SD
Dry skulls
Mandible right 0.075 0.099 0.087 0.017
Chin 0.021 0.152 0.087 0.093
Mandible left 0.017 0.178 0.098 0.114
Maxilla right 0.176 0.192 0.184 0.011
Maxilla left 0.170 0.195 0.183 0.018
Human subjects
Mandible right 0.040 0.241 0.105 0.070
Chin 0.031 0.154 0.100 0.044
Mandible left 0.042 0.176 0.087 0.041
Maxilla right 0.023 0.160 0.072 0.038
Maxilla left 0.045 0.160 0.092 0.040

Min, minimum: Max, maximum: SD, standard deviation.
“Numbers are the root mean square (RMS) in millimeters.
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Table 2. Intra-class correlation coefficient (ICC) and Bland-Altman to test the reproducibility

of the measurements.

Bland-Altman

IcC
Mean + SD 95% Cl
Mandible right 0.994 —0.003 £ 0.011 —0.008 to 0.003
Chin 0.996 0.001 =+ 0.006 —0.001 to 0.004
Mandible left 0.980 —0.005 £ 0.013 ~0.012 to 0.001
Maxilla right 0.994 —~0.002 £ 0.009 —0.006 to 0.003
Maxilla left 0.987 0.002 £ 0.011 —0.004 to 0.008

SD. standard deviation: CI. confidence interval.

Table 3. Case-by-case analysis showing the RMS difference in each area of interest between

T2S by observer | and T2S by observer 2.

Mandible Mandible Maxilla Maxilla
Case right Chin left right left
DSI 0 0 0 0 0
DS2 0 0 0 0 0
1 0 0 0 0.047 0.030
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0.007 0.014 0.008 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0.011 0.004
10 0 0 0 0.009 0.011
11 0 0 0 0.009 0.024
12 0.026 0.012 0.020 0 0
13 0.008 0.012 0.019 0 0
14 0.003 0.005 0.009 0.008 0.010
15 0.006 0.009 0.008 0.015 0.032

RMS, root mean square: T2S, T2 superimposed; DS, dry skull.

perfect for 67% (10 out of 15) of the
mandibles and 60% (9/15) of the maxillas.
Overall the result was perfect for 68% (23/
34) of the superimpositions. For the cases
in which the superimposition was not
perfect, the highest RMS found was
0.026 in the mandible (case 12) and
0.047 in the maxilla (case 1).

Discussion

This study proposes a voxel-based maxil-
lary and mandibular superimposition. Choi
and Mah introduced a fast cranial base
superimposition method and presented
three clinical cases.” Lee et al. validated
the former methodology using a dry skull,”
while Weissheimer et al. validated it for
growing and non-growing patients.'’ The
process was also fast (taking 10-15 s) and
voxel-based. Other methods have been pro-
posed for the superimposition of CBCT
scans. The point-landmark-based method
was reported by McCance et al. in 1992."
They used five landmarks to superimpose
conventional CT scans before and after
orthognathic surgery. This method is
not used, probably because of the lack of

)

consistency in selecting the landmarks.'
The surface-based method is an alternative
to voxel-based methods: this method has
been reported to be highly successful based
on a study by Almukhtar et al., who com-
pared voxel-based and surface-based
superimpositions of the cranial base
and found no statistically significant differ-
ence between the methods."”

Out of 19 identified longitudinal studies
performed in the last 5 years that have tried
to evaluate changes in the maxilla, mandi-
ble, or maxillary sinus, only three used a
method of superimposition that could likely
be reproducible.'* ** Economopoulos et al.
presented a superimposition method to
quantify volume differences after bone
augmentation; however, the authors did
not specify the area used for superimposi-
tion."® Ahmad et al. used surface-based
mandibular superimposition to evaluate
mandibular alveolar resorption in edentu-
lous patients."* Despite the innovative
methodology, the authors did not show
by either colour maps or statistical analysis
that the method is accurate or reproducible.
The study by Meloni etal. was the only one
to usc a validated method: a voxel-based

cranial base superimposition was used to
evaluate changes in the maxilla after ex-
traction and socket preservation.”

As well as reducing the FOV and sig-
nificantly reducing the radiation dose to
which the patient is exposed,’ the tech-
nique presented here proved to be accurate
in the superimposition of the maxilla and
the mandible. The results obtained with
living subjects (RMS < 0.105) were simi-
lar to those obtained with the dry skulls
(RMS < 0.184). The ICC was excellent
(>0.980) for all measured areas, ensuring
the reproducibility of the measurements.
In addition, it can be said that the method
is reproducible because the RMS for 68%
of the cases was 0. For the cases that were
not perfect, the highest RMS was 0.047,
which has no clinical relevance. Although
the segmentation process was standard-
ized with the selection of the same grey
level interval, small differences in the
segmentation could have resulted from
different grey level intensity due to arti-
facts during the CBCT scan process,
which could have had some influence on
the accuracy of segmentation.” Thus, it is
assumed that the error found in the present
superimposition method is in part due to
the small differences in segmentations and
in part due to the superimposition process
itself. Nevertheless, the method error has
no clinical significance.

Despite the similar results found by
Almukhtar et al. when comparing voxel-
based and surface-based superimposi-
tion,'* there are two main advantages of
the voxel-based method that should be
highlighted. First, there is no need to
create a surface-based model, which
demands time and one extra file, probably
requiring the use of different software.
Second, the voxel-based method allows
casy assessment of the inner surfaces,
since the superimposed structures can be
viewed in the multiplanar slices (axial,
sagital and coronal). In the surface-based
technique only the outer surfaces can be
evaluated since the multiplanar recon-
struction is not superimposed. Therefore,
with surface models it is much more diffi-
cult to assess changes where the density of
the bone is not similar (immediately after
sinus lift, socket preservation, or bone
grafts), because the segmentation process
will be affected. Internal anatomical struc-
tures such as the mandibular canal, teeth
roots, or small bone defects are difficult to
differentiate with accuracy in order to
segment and create virtual surface models
for superimposition. Furthermore, this
process is too time-consuming.

The highest mean RMS of 0.105 found
in human subjects in the present study is
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slightly smaller than the absolute means
found in other studies. Nada et al., using a
voxel size 0f 0.4 mm, found values as low as
0.3 £ 0.12 mm for the cranial base super-
imposition and 0.17 mm for the left zygo-
matic arch registration.” Lee et al., using a
voxel size of 0.2 mm and one dry skull with
24 different orientations, found a mean error
of 0.396 + 0.142 mm for the cranial base
superimposition.” In their study, titanium
markers were used to facilitate landmark
identification instead of colour maps. Weis-
sheimer et al. did not provide a statistical
analysis for their research, but showed a
cranial base superimposition error of less
than 0.5 mm through colour maps.'’ The
voxel size in their study was 0.25 mm, the
same as used in the present study. Almukh-
tar ct al. did not specify the voxel size; they
evaluated surface- and voxel-based super-
imposition of the cranial base and the results
were 0.047 +0.259 mm and 0.050 +
0.206 mm, respectively.
the present study being slightly smaller than
those of the other studies is probably be-
cause of the smaller voxel size or the rigor-
ous segmentation process used in this study.
Nevertheless, all of the studies, including
that presented here, show a method error
that has no clinical relevance: these methods
can therefore be applied in future research.

As well as being very accurate and re-
producible, the main advantages of the
method presented here are the reduction
in radiation to which the patient is exposed
and the speed at which the superimposition

A Before superimposition

The result of

3D regional superimposition using CBCT

can be done. The main disadvantages are
that this process does not work without
cropping the maxilla or mandible and that
the software is only available commercially
and is not open-source, as used by Cevi-
danes et al.” Another aspect that is impor-
tant to highlight is that the cropped images
purposely included stable areas and not
only the alveolar region. It is interesting
to note that if the cranial base had been
included in the scan, the regional superim-
position would not have worked, even if the
tool to select the voxels from a specific
region of interest had been used. In this
study, the structures were not measured as a
whole piece because the patients had un-
dergone procedures between time points
(bone grafts, extractions, implant place-
ment, root canal treatment, and others)
and this could have affected the measure-
ments. Measurements were taken from op-
posing areas to ensure that the
superimposition was done correctly every-
where.

This study aimed to validate a method
for 3D regional superimposition of CBCT
scans of non-growing patients. It would be
useful to develop the same idea with
growing patients, especially to better un-
derstand mandibular and maxillary
growth. Another idea is to test the method
with different scans or voxel sizes between

time points, because in the analysis of

long-term data (10 years or more), with
the fast pace at which technology
advances, it is most likely that patient

667

CBCT scans will be taken with different
and better machines.

The use of the maxilla or mandible as the
reference for regional superimposition in-
stead of the cranial base allows accurate 3D
assessment while decreasing the radiation
dose to the patient due the smaller FOV.
This superimposition method can be ap-
plied but is not limited to several clinical
evaluations in implantology, such as bone
grafting (Fig. 5), the accuracy of implant
placement, sinus lift, and alveolar resorp-
tion. It could also be used to determine the
absence ofalveolar growth in the *aesthetic
zone’ of the anterior region of the maxilla,
helping the clinician to establish the best
time to place the implant in young adults.
Other methods to assess growth include
hand-wrist X-rays, which may not be pre-
cise in providing such information,” and
sequential cephalometric examinations,
which have inherent issues such as the
magnification and superimposition of
structures that affect the tracing and diag-
nosis.”” Other possible applications are the
assessment of condylar resorption or hyper-
plasic growth, healing of endodontic
lesions, and tooth movements in orthodon-
tic surgical cases, or other situations for
which CBCT is indicated.

Independent of the used
and the time taken to process the super-
imposition, voxel-based superimposition
appears to represent the gold standard
when the cranial base is used as
the reference and will probably also

software

Fig. 5. (A) Axial and sagittal views of the CBCT scans before superimposition. (B) The same views after superimposition. The yellow arrows
show matching of the grey and red borders of the T1 and T2 images. The white arrows indicate the areas where the superimposition does not match

as a result of the patient having had implants and a bone graft placed in the area (dotted line).
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represent the gold standard for regional
superimposition in the future. This will
help to standardize methods and make
comparisons between different studies
easier.
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ARTIGO 03 — SUPERPOSICAO REGIONAL DO CONDILO

ABSTRACT

ASSESSMENT OF CONDYLAR CHANGES AFTER ORTHOGNATHIC SURGERY USING COMPUTED
TOMOGRAPHY SUPERIMPOSITION

Purpose: The aim of the present study was to use cone-beam computed tomography (CBCT)
regional superimposition to investigate the effect of bimaxillary advancement orthognathic
surgery on condylar remodeling of the temporo mandibular joint (TMJ).

Materials and Methods: Using a retrospective study design, 56 condyles from 28 healthy
patients (age from 16 to 50 years) with mandibular retrognathism treated with bimaxillary
advancement had CBCT scans taken pre-operatively and at an average 14 months post-
operatively. Pre- and post-surgical scans were superimposed using regional and automated
voxel-based registration to assess condylar changes in the follow-up period. The linear
alterations were measured in six different areas of each condyle to assess the pattern of
condylar remodeling.

Results: Although no significant correlation was observed between changes in condylar
surfaces, bone resorption occurred predominantly in the posterior and superior region,
while bone formation was predominantly in the anterior surface. Medial and lateral surfaces
presented fewer bone changes. The overall bone changes were smaller than 1mm in 48
condyles (85,7%) in 21 patients (75%).

Conclusions: The results of this study suggest the hypothesis that alterations occurring in
TMJ after performing orthognathic surgeries occur similar to an adaptive response,
especially in healthy patients, other than a pathological or inflammatory process. Other
studies with similar methodologies may clarify the mechanisms involved in cases where the
process of condylar remodeling is more present.
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RESUMO

AVALIAGAO DAS ALTERACOES CONDILARES APOS CIRURGIA ORTOGNATICA ATRAVES DE
SUPERPOSICAO COM TOMOGRAFIA COMPUTADORIZADA

Propdsito: O objetivo do presente estudo foi utilizar a superposi¢ao regional de tomografia
computadorizada do feixe conico (TCFC) para investigar o efeito da cirurgia ortognatica de
avanco bimaxilar no processo de remodelacdo do condilo da articulagdio témporo
mandibular (ATM).

Materiais e métodos: Usando um estudo do tipo retrospectivo, 56 condilos de 28 pacientes
sauddveis (idade de 16 a 50 anos) com retrognatismo mandibular tratados com cirurgia de
avanco bimaxilar tiveram exames de TCFC tomados no pré-operatdrio e em uma média de
14 meses no pds-operatério. Foi utilizada superposicao regional dos exames pré e pos-
operatdrios com registro automatico por voxels para avaliar as alteracdes condilares no
periodo de acompanhamento. As alteracdes lineares foram mensuradas em seis diferentes
areas de cada condilo para avaliar o padrao do processo de remodela¢do condilar.

Resultados: Embora ndo tenha sido observado correlacdo significante das alteracbes
condilares entre cada superficie investigada, a reabsorcdo dssea ocorreu mais
predominantemente na regido superior e posterior, enquanto a aposicdo de o0sso
neoformado foi mais predominante na superficie anterior. As superficies medial e lateral
apresentaram as menores altera¢gdes. As mudancas no osso condilar em geral foram
menores do que 1 mm em 48 condilos (85,7%) em 21 pacientes (75%).

Conclusdes: Os resultados deste estudo sugerem a hipotese de que as alteracdes ocorridas
na ATM apds a realizacdo de cirurgias ortognaticas ocorrem com uma resposta adaptativa,
especialmente em pacientes saudaveis, diferentes de um processo patolégico/inflamatério.
Outros estudos com metodologias semelhantes poderdo esclarecer quais os mecanismos
envolvidos nos casos onde o processo de remodelacdo condilar estd mais presente.
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INTRODUCAO

A cirurgia ortognatica passou de uma operacdo meramente funcional
relacionada a oclusdo dentdria para um procedimento envolvendo respiragdo, estética facial
e a articulacdo témporo-mandibular (ATM). Atualmente, tem-se discutido muito a respeito
do impacto da cirurgia ortognatica na ATM e nas doencas que envolvem esta articulacao.
Uma das preocupacbes é com o processo de reabsor¢do/remodelacdo que acontece nos

condilos mandibulares, que pode influenciar na estabilidade dos resultados obtidos.

Recentemente, a tomografia computadorizada do feixe conico (TCFC) tornou-se
uma ferramenta de diagndéstico muito popular, com varias aplicagdes em Odontologia. Uma
delas é a superposicao tomografica, que se consolidou como a técnica padrdao para a

avaliagdo dos resultados do tratamento.

A superposi¢ao tomografica utilizando a base do cranio é a modalidade mais
comum para avaliar os resultados de cirurgia ortognatica, incluindo os efeitos nas ATMs.
Com este método é possivel avaliar as mudangas na posicdo dos condilos, pré e pds
tratamento, limitando-se apenas no resultado no sentido de movimentagdo, torque e
angulacdo. Uma alternativa a utilizacdo da base do cranio é a superposicdo regional,

utilizando outras estruturas da face, que permite outras diferentes modalidades de analises.

O objetivo desta pesquisa é avaliar as alteracdes morfolégicas dos condilos
mandibulares em pacientes submetidos a cirurgia ortognatica bimaxilares, utilizando a

superposicdo de TCFC, através da sobreposicao isolada do segmento condilar.
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METODOLOGIA

Este estudo retrospectivo foi aprovado pelo Comité de Etica em Pesquisas conforme
protocolo CAAE 38385414.0.0000.5336. A amostra foi constituida pacientes submetidos a cirurgia
ortognatica de avanco bimaxilar entre os anos de 2014 e 2017. Os critérios de exclusdo foram:
pacientes portadores de sindromes; assimetria facial severa; histérico de cirurgia/trauma prévio na
face; 3) diagnéstico de doenca/disfuncdo de ATM (deslocamento anterior do disco sem redugdo com
ou sem osteoartrite).

Um total de 62 condilos foram analisados. Seis cOndilos de trés pacientes foram
excluidos da amostra devido o diagndstico de osteoartrite identificado através do exame de TCFC
mostrando degeneracdo articular antes da cirurgia ortognatica. A amostra final foi composta por 56
condilos saudaveis em 28 pacientes (Tabela 01). Os exames de TCFC foram obtidas até um més antes
da cirurgia e 14,3 £ 4,2 meses apos a cirurgia.

Apds as etapas de aquisicdo de exames pré-operatérios, planejamento virtual e
confeccdo dos guias cirurgicos, os procedimentos cirurgicos foram realizados pela mesma equipe
cirdrgica. A sequéncia cirurgica utilizada foi iniciando pela mandibula através da osteotomia sagital
bilateral utilizando a técnica hibrida de fixagdo, com uma miniplaca monocortical e um parafuso
bicortical. Apds, a cirurgia da maxila foi realizada de maneira convencional, através da osteotomia Le
Fort | e fixacdo rigida com 4 miniplacas.

Todas as TCFC foram feitas seguindo o protocolo da Disciplina de Cirurgia da FOPUCRS
no mesmo aparelho, no tomdgrafo i-CAT (Imaging Sciences International, Hatfield, Pennsylvania,
EUA) com FOV (Field of View) de cranio estendido 23cm x 17cm, voxel de 0,3 mm3, 36,90mA, 120 kV
e tempo de exposicdio de 40 segundos, gerando arquivos DICOM (Digital Imaging and
Communications in Medicine). Os exames foram obtidos antes da cirurgia (T1) e apds intervalo de 12-
18 meses apos a cirurgia (T2).

Os arquivos DICOM foram importados para o programa OnDemand 3D (Cybermed Inc.,
Seoul, Korea). Primeiramente, utilizando a ferramenta “fusion” os exames T1 e T2 de cada paciente
foram superimpostos, utilizando a base do cranio como referéncia. Na imagem fusionada resultante,
a distancia entre os pontos B de T1 e T2 foi mensurada na altura do plano sagital mediano (Figura

01).

27



Segundo, foram selecionadas as areas referentes apenas aos condilos mandibulares
isolados, em ambos os exames T1 e T2, lado direito e esquerdo, utilizando a ferramenta de corte e
gerando quatro imagens: T1D, T1E, T2D e T2E. Cada seleg¢do, contendo a mesma quantidade cortes,
foi exportada em novo arquivo DICOM (Figura 02).

Os novos arquivos cortados foram abertos utilizando a ferramenta “fusion” no programa
OnDemand 3D. O médulo fusdo permite o investigador manualmente mover o condilo do arquivo
gerado de T2 o mais préximo possivel da posi¢cdo do condilo T1. Apds esta aproximacao, utilizou-se a
ferramenta de “specific region of interest” para selecionar a por¢do do condilo menos susceptivel a
mudangas com a cirurgia, incluindo o colo do céndilo e a regido posterior do ramo mandibular acima
da lingula (excluindo a regido do polo superior bem como a regido abaixo da lingula). Com os
arquivos manualmente aproximados e com a sele¢do da regido de interesse utilizou-se a ferramenta
para superimposicdo automatica baseada em voxels, onde o software seleciona os voxels idénticos
(dentro da area selecionada) para fazer a superposicdo (Figura 03). Apds o registro da
superimposicdo, os arquivos T2 foram salvos em sua nova orientagdo espacial (T2DR e T2ER).

Os novos arquivos DICOM gerados (T1D, T1E, T2DR e T2ER) passaram pelo processo de
segmentacdo utilizando o programa ITK-SNAP (www.itksnap.org), isolando apenas o tecido ésseo de
interesse (Figura 04), permitindo a constru¢gdao de modelos 3D dos condilos mandibulares em
arquivos de formato STL (Standard Tessellation Language).

As reconstrugdes 3D dos condilos no formato STL foram importadas no programa VAM
(Canfield Scientific, Fairfield, NJ, USA) para analise comparativa entre T1 e T2 (Figura 05). A
ferramenta “surface paint area” foi utilizada em cinco regibes pré-determinadas, de mesmo
tamanho, em todos os condilos: superficie anterior, superficie posterior, superficie superior,
superficie lateral e superficie medial (Figura 06). Avaliando as altera¢Ges lineares ocorridas nos
condilos em T2, o software forneceu os valores de variagdo minima e variagdo maxima, com o desvio
padrdo. Os maiores valores negativos referem-se as regiées com maior reabsor¢do Ossea, ja os
maiores valores positivos referem-se as regides com maior neoformacgdo dssea.

Uma ferramenta de selecdo do programa VAM foi padronizada em uma linha do ponto
mais alto do condilo em sentido coronal até uma distdncia de 20mm em direcdo ao ramo da
mandibula, para avaliacdo total das altera¢Ges em cada condilo (Figura 07).

Para ambas as analises, por regido ou total dos cOndilos, o programa identifica as
alteracbes através do mapa por cédigos de cores gerando graficos visuais das alteragdes
morfoldgicas. As porcdes com maxima perda dssea serdo visualizadas na cor azul e os acréscimos de

volume dsseo serdo observados na direcdo da cor vermelha.
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A analise estatistica foi realizada com o programa SPSS (SPSS Inc., Chicago IL, USA).
Andlise estatistica descritiva foi utilizada para descrever as alteragdes pds-cirudrgicas nos condilos

mandibulares (T1-T2)
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RESULTADOS

Os dados demograficos e as caracteristicas clinicas da amostra estdo apresentados na
Tabela 01. A média de idade dos pacientes foi de 31,07 anos (variando de 16 a 51 anos de idade) com
53,6% do sexo feminino e 46,4% masculino. O intervalo médio entre a realiza¢do da cirurgia e a data
da TCFC pés-operatéria (T2) foi de 14,3 meses (12 a 19 meses). A distancia média entre o ponto B de
T1 para T2, para mensurar a quantidade de avan¢o mandibular, foi de 9,06 mm (5,5 a 13,2mm) —
conforme exemplificado na Figura 01. Apesar do tipo de ma-oclusdo ndo ter sido levado em
consideracgdo, todos os pacientes foram considerados retrognatas.

AlteragSes na morfologia dos céndilos mandibulares foram observadas durante o
periodo de acompanhamento (T1-T2) conforme as médias apresentadas na Tabela 2. A alteracdo
mais comumente encontrada foi do tipo reabsor¢do, em 100% da amostra uma ou mais superficies
apresentaram apenas valores negativos. Apesar disso, em 38 condilos (67,8%) foram encontradas
uma ou mais superficies apresentando apenas valores positivos, ou seja, neoformacgdo dssea.

As superficies superior e posterior dos condilos mandibulares apresentaram na média os
maiores valores negativos, apontando como sendo as areas mais susceptiveis a reabsorc¢do condilar.
Na superficie anterior encontrou-se a menor média de valores negativos, sendo a regido com a
menor perda dssea. Por outro lado, a superficie anterior apresentou as maiores médias de valores
positivos, ou seja, a maior incidéncia de aposicdo de osso neoformado (Tabela 02). Entretanto, ndo
houve diferenca estatisticamente significante entre as superficies quando comparadas as incidéncias
de valores minimos e maximos.

Os valores encontrados para RMS (root mean square) representam o somatorio de
mudangas na morfologia condilar, independente do tipo de alteracdo (aposicdo ou reabsorcdo). A
analise estatistica estd representada nos Graficos de 1-5 apresentam a distribuicdo dos valores. O
teste T com amostras independentes revelou que ndo houve diferenca estatiscamente significante
de RMS entre as superficies superior, posterior e anterior. Entretanto, houve diferenca
estatisticamente significante destas superficies com as superficies medial e lateral, onde as
alteragdes encontradas em RMS apresentaram os menores valores.

Considerando a area condilar contendo a por¢do de 20mm, conforme ilustrado na figura

7, os resultados estdao apresentados na Tabela 3. Nenhuma alteragao foi igual ou maior que 3mm, ou
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seja, nenhum condilo sofreu reabsorcdo ou neoformacao éssea superior a 3mm. Foram encontrados
valores negativos entre -1Imm e -3mm em 5 condilos (8,9%) em 4 pacientes (14,2%). Foram
encontradas alteragGes variando entre -1mm e +1mm em 48 condilos (85,7%) em 21 pacientes
(75%). Em apenas 3 condilos (5,3%) em 3 pacientes (10,7%) as alteragdes estiveram entre +1mm e
+3mm. Portanto, embora a maioria das superficies tenham apresentado medidas apontando alguma
alteracdo da morfologia condilar, especialmente do tipo reabsorcdo, a grande maioria dos condilos
apresentou alteragdes menores que 1mm.

Neste estudo com esta amostra ndo foi possivel encontrar relagdo entre a quantidade,
tipo e localizagdo das alteragGes na morfologia condilar com as variaveis idade, sexo e quantidade de

avanco mandibular.
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DISCUSSAO

A avaliacdo do comportamento da ATM é uma rotina para cirurgides e ortodontistas.
Neste propdsito, a superposicdo com radiografias cefalométrica foi amplamente apresentada na
literatura. Entretanto, diversas limitacGes foram descritas justificando a recente substituicdo pela
tomografia computadorizada, para realizar as superposi¢cdes, a fim de avaliar as alteragdes entre
diferentes intervalos de tempo.

Existem trés tipos basicos de superposicio tomografica: baseado em pontos
anatémicos, baseado em superficies e baseado em voxels. A superposicdo por voxels é o método
mais eficiente pois compara as estruturas de referéncia ndao-modificaveis de dados volumétricos
(voxel por voxel), ndo depende da identificagdo dos pontos anatomicos e ndo tem a limitagcdo dos
erros durante o processo de segmentacdo. Cevidanes et al. em 2005 foram os primeiros a introduzir
a superposicdo baseado em voxels utilizando a base craniana como referéncia para sobrepor dois ou
mais exames obtidos em pacientes adultos. Desde entdo, o método de superposicdao por voxels da
base do cranio é a referéncia para a maioria das publicacdes que avaliam o resultado ap0ds cirurgias
ortognaticas. Trata-se de um excelente método para compreender as mudancas tridimensionais da
maxila, mandibula e tecidos moles da face.

Entretanto, a superposicdo da base do cranio permite apenas a avaliacdo das alteragGes
espaciais dos tecidos investigados. Na maioria dos casos de cirurgia ortognatica ha uma mudanga na
oclusdo, juntamente com uma mudanca da posicdo do segmento condilar. Dessa forma, a
superposicao pela base do cranio gera a superposicdao de condilos em diferentes posicdes, portanto
perde-se a capacidade de comparar a morfologia dos condilos no pré e pds-operatério.

A andlise das alteracdes de formato so é possivel quando dois objetos sdo superpostos
na mesma posi¢cdo. A superposicdo de outras estruturas, que ndo seja através da base do cranio, foi
introduzida recentemente e é conhecida como superposicdo regional. Koerich et al. em 2016
descreveram este método permitindo a aplicacdo para diversas outras finalidades como avaliagdo de
enxertos, precisdo do posicionamento de implantes, reabsorcdo alveolar, entre outras. Além disso,
os autores citaram que, dentre as metodologias conhecidas, a superposi¢do regional seria a técnica
ideal para avaliacdo dos processos de reabsorcao e hiperplasia condilar, onde a sobreposicdo

regional isolada da por¢ao regional seria uma necessidade.
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Diversos artigos foram publicados recentemente buscando investigar as alteracGes na
ATM pré e pos cirurgia ortognatica, mas utilizando a base do cranio para superposicdao dos exames.
Estes estudos sdo interessantes para o entendimento das alteragdes espaciais dos condilos, de
posicdo e angulacdo. Entretanto, as conclusdes a respeito da morfologia condilar sdo limitadas. Este
estudo utilizou a superposicdo regional por voxels de TCFC de pacientes submetidos a cirurgia
ortognatica de avanco bimaxilar para avaliacdo das alteragdes na anatomia condilar.

Os resultados do presente estudo mostraram que em geral as ATMs respondem bem as
cirurgias ortognaticas. A avaliacdo das alteracdes morfoldgicas encontradas nos condilos
mandibulares, em pacientes submetidos a avangos bimaxilares, através da superposicdo regional de
TCFCs com intervalo minimo de um ano mostrou que em 48 condilos (85,7%) em 21 pacientes (75%)
as mudangas foram menores que 1mm. A média encontrada de RMS, que considera o somatdrio das
mudancgas independente do sentido, para toda a amostra foi de 0,27mm.

Considerando as alteracdes ocorridas nas diferentes superficies estudas, apesar de nao
apresentar diferenca estatisticamente significante, esta pesquisa mostrou que as superficies superior
e posterior foram as mais susceptiveis ao processo de reabsorc¢do condilar. A superficie anterior foi a
mais susceptivel a neoformacgdo dssea. As superficies medial e lateral foram as que apresentaram as
menores mudangas.

A presente amostra incluiu apenas individuos comprovadamente saudaveis da ATM
através dos exames de imagem. A revisdo sistematica de Veldhuis et al. 2017 destacou a limitagdo
das informacgdes a respeito do impacto das cirurgias ortognaticas na ATM devido a diversidade das
técnicas empregadas e principalmente da diversidade de metodologias aplicadas. Os autores
concluiram que a cirurgia ortognatica parece ter nenhum ou minimo impacto na ATM e funcdo oral.
A revisdo sistematica com meta-analise de Al-Moraissi et al. 2017 apresentou conclusées
semelhantes incluindo a expectativa de diferentes resultados de acordo com a condigdo pré-
operatoria da ATM envolvida.

Al-Moraissi e Wolford em 2017 conduziram uma revisdo sistematica e meta-analise para
investigar se a condicdo pré-operatdria da ATM poderia influenciar a estabilidade dos resultados de
cirurgias ortognatica de rotacdo anti-horaria maxilo-mandibular. Com um total de 12 estudos e 345
pacientes envolvidos, os autores concluiram gue o avang¢o bimaxilar com rota¢do anti-horaria é um
procedimento estdvel em pacientes com ATM saudavel, concomitante com cirurgia de discopexia ou
préotese de ATM e instavel em pacientes com discos deslocados.

Park et al. 2012 realizaram uma andlise métrica das alteracdes condilares através da
superposicdao da base do cranio. Além disso, os autores foram os primeiros a citar um modelo de

superposicao regional dos condilos mandibulares e concluiram que a cirurgia ortognatica tem sim
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impacto no processo de remodelagdo. Entretanto, os autores limitaram-se a apenas uma
interpretacdo subjetiva dos observadores, sem uma ferramenta para mensurar tais alteragées.

Gomes et al. 2017 apresentaram uma avaliagdo muito completa a respeito das
alteragdes condilares, incluindo superposicdo regional e pela base do cranio, para pacientes
submetidos a cirurgia ortognatica concomitante com cirurgia de reposicionamento do disco da ATM
devido diagndstico de deslocamento de disco anterior. Os autores concluiram que as mudancgas
posicionais dos condilos tiveram uma fraca associacdo com o processo de remodelagdo dos condilos.

Os resultados deste manuscrito sugerem a hipdtese de que as alteragdes ocorridas na
ATM apds a realizagdo de cirurgias ortognaticas ocorrem com uma resposta adaptativa,
especialmente em pacientes saudaveis, diferentes de um processo patoldgico/inflamatdrio. Esta
hipdtese é suportada por varias publicacdes recentes que realizaram avaliacdo clinica, radiografica e
tomografica em pacientes submetidos a cirurgia ortognatica e, apesar das diferentes metodologias,
apresentaram resultados semelhantes que destacam o cardter de adaptacdo das alteragdes
condilares. (Kim 2011) (Paula et al. 2013) (Han et al. em 2016)

Em conclusdo, este estudo fornece informacdes que suportam a tese de que as ATMs,
em individuos saudaveis, suportam as mudancas causadas pelas cirurgias ortognaticas. Ortodontistas
e cirurgides devem incluir em sua rotina o minucioso diagndstico das ATMs antes de oferecer o
tratamento aos pacientes. Outros estudos com metodologias semelhantes poderao esclarecer quais

0s mecanismos envolvidos nos casos onde o processo de remodelacdo condilar esta mais presente
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ANEXO A

Figura 01: Corte coronal da TCFC mostrando a superposi¢cdo tomografica utilizando a base do cranio
como referéncia. Corte sagital mostrando a mensuragao do avango mandibular no ponto B. Exemplo

em um paciente selecionado aleatoriamente.

T2 - Post-op
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ANEXO B

Figura 02: Cortes coronal, sagital e axial e reconstrucdo 3D da area equivalente a cada condilo

mandibular cortada de cada TCFC.
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ANEXO C

Figura 03: Processo de superposicdo regional observada nos trés cortes em um paciente selecionado
aleatoriamente. Parte superior representa T1D, no centro T2DR e na porgdo inferior ambos os
exames T1D e T2DR. No lado esquerdo visdo do corte axial, no centro do corte sagital e na esquerda

do corte coronal.

A) Exames com posicdo espacial distintas.
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ANEXO D

Figura 03: Processo de superposicdo regional observada nos trés cortes em um paciente selecionado
aleatoriamente. Parte superior representa T1D, no centro T2DR e na porg¢do inferior ambos os
exames T1D e T2DR. No lado esquerdo visdao do corte axial, no centro do corte sagital e na esquerda

do corte coronal.

B) Apds a superposicdo regional, ambos os exames na mesma posi¢do. Detalhe para o retangulo azul

mostrando a area de interesse selecionada para fazer a coincidéncia dos voxels.
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ANEXO E

Figura 03: Processo de superposicdo regional observada nos trés cortes em um paciente selecionado
aleatoriamente. Parte superior representa T1D, no centro T2DR e na porg¢do inferior ambos os
exames T1D e T2DR. No lado esquerdo visdao do corte axial, no centro do corte sagital e na esquerda

do corte coronal.

C) Cortes axiais da mesma superposicdo em diferentes alturas, mostrando a exata sobreposicdo dos

condilos, detalhe para a diferenga entre os arcos zigomaticos.

T2 - Post-op
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ANEXO F

Figura 04: Segmentacdo do tecido ésseo do condilo mandibular nos trés cortes e reconstrucdo 3D.
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ANEXO G

Figura 05: Arquivos STL dos condilos T1D e T2DR sobrepostos com textura de superficie e de malha

para evidenciar as alteragcGes na superficie condilar.

T2 - Post-op

AN



ANEXO H

Figura 06: RegiGes de interesse para avaliar o processo de remodelacdo condilar. Em sentido horario
a partir da imagem superior esquerda: polo anterior, polo posterior, polo superior, polo medial e

polo lateral.

AR



ANEXO |

Figura 07: Avaliacdo da remodelacdo condilar na drea contendo a por¢do de 20mm mais superior do
condilo com mapa por cddigos de cores. Exemplo em um paciente selecionado aleatoriamente no
lado direito e esquerdo. A cor azul representa as dreas com reabsor¢do dssea, a cor vermelha indica

neoformacdo dssea.
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ANEXOJ

Tabela 01: Dados demograficos e caracteristicas clinicas da amostra

Tabela 01: Dados demograficos e caracteristicas clinicas da amostra

Média
Idade 31,07 anos (16-50 anos)
Sexo 53,6% feminino e 46,4% masculino
Avango ponto B 9,06 mm (5,5mm a 13,2mm)
Controle pos-operatorio™ 14,35 meses (12 a 19 meses)

* Intervalo o exame tomogrdfico pos-operatorio (12) e a data da cirurgia
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ANEXO K

Tabela 02: Estatistica descritiva das alteragGes pds-operatdrias nos condilos mandibulares (T1-T2) de

acordo com a regido de interesse.

Tabela 02. Estatistica descritiva das altera¢des pds-operatorias™ nos condilos mandibulares

(T1-T2) de acordo com a regido de interesse.

Min. Max. SD RMS
Superficie anterior -0,31 0,61 0,17 0,32
Superficie posterior -0,58 0,21 0,17 0,35
Superficie superior -0,55 0,27 0,19 0,34
Superficie lateral -0,42 0,34 0,19 0,32
Superficie medial -0,38 0,41 0,18 0,27
Area** -0,38 0,41 0,18 0,27

Min, minimo; Max, maximo; SD, desvio padrao; RMS, média de raiz quadrada.
* Valores negativos indicam reabsorg¢do ossea e valores positivos indicam aposigdo ossea.

** Selegdo da regiao de interesse (ROI) com a por¢ao de 20mm mais superior dos condilos.
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ANEXO L

Tabela 03: Distribuicdo das alteragdes lineares na morfologia da por¢do contendo os 20mm mais

superior dos condilos. Alteracdo éssea entre T1 e T2 em mm.

Tabela 03: Distribuigado das alteragdes lineares na morfologia da por¢ao contendo os 20mm

mais superior dos condilos. Alteragao dssea entre T1 e T2 em mm

Classificagao Escala em mm* Pacientes n= 28 Condilos n= 56
Reabsor¢ao -3mm a -lmm 4 (14,2%) 5(8,92%)
Pouca alteragdo -Imm a +1mm 21 (75%) 48 (85,7%)
Aposi¢ao +1mm a +3mm 3 (10,7%) 3 (5,3%)

* Valores negativos indicam reabsor¢ao ossea e valores positivos indicam aposi¢do ossea.
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ANEXO M

GRAFICO 01: Distribuicdo das mensuragdes registradas na superficie anterior do céndilo mandibular,
mostrando uma prevaléncia para os valores positivos, com diferenga estatistica, mostrando a

tendéncia a neoformacdo nesta regiao.
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ANEXO N

GRAFICO 02: Distribuicdo das mensuragdes registradas na superficie posterior do condilo
mandibular, mostrando uma prevaléncia para os valores negativos, com diferenca estatistica,

mostrando a tendéncia a reabsorg¢do nesta regido.

Posterior
1.0
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ANEXO O

GRAFICO 03: Distribuicdo das mensuragdes registradas na superficie superior do céndilo mandibular,
mostrando uma prevaléncia para os valores negativos, com diferenca estatistica, mostrando a

tendéncia a reabsorc¢do nesta regido.
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ANEXO P

GRAFICO 04: Distribuicdo das mensuracdes registradas na superficie lateral do condilo mandibular

sem diferenca estatistica entre os resultados.
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ANEXO Q

Grafico 05: Distribuicdo das mensuracdes registradas na superficie medial do condilo mandibular sem

diferenca estatistica entre os resultados.
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