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Lopes SLPC. Aplicacdes das imagens de ressonancia magnética no estudo das
desordens temporomandibulares [tese de livre-docéncia]. Sdo José dos Campos
(SP): Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e Tecnologia;
2019.

RESUMO

As articulagdes temporomandibulares (ATM) consistem numa articulagao
diartrodial, com notavel complexidade anatomica, podendo sofrer a influéncia
de diferentes fatores dentre os quais, os anatomicos, psiquicos, além de
alteragdes sistémicas. As desordens temporomandibulares (DTM) consistem em
um conjunto de sinais € sintomas que caracterizam a presenga de alteragdes que
acometem as ATM, bem como estruturas anexas a elas relacionadas, como por
exemplo, os musculos da mastigacdo. Dentre os exames por imagens que
auxiliam no diagnodstico das DTM, as imagens por ressonancia magnética (RM)
constituem no padrio-ouro para esta finalidade. Esta modalidade de imagem
apresenta, dentre outras vantagens, a ndo utilizacdo de energia ionizante, sendo
um exame ndo invasivo, além da possiblidade de fornecer alta definicdo dos
tecidos moles, como o disco articular € masculos da mastigagdo, sendo assim a
Unica técnica imaginologica que possibilita um estudo de alta precisdo destas
estruturas, além dos componentes anatomicos Osseos das ATM. Esta tese
realizou a compilagdo de 06 estudos, publicados em periddicos de impacto, que
analisaram, a relacdo entre: variagdes anatOmicas das estrutura das ATM,
presenga de achados psicologicos e sist€émicos e a utilizacdo de tecnologias
computacionais de imagens, com o intuito de estudar as ATM e possiveis
achados que suscitassem em DTM, utilizando imagens de RM. Dois desses
estudos realizaram a abordagem por RM dos componentes das ATM em
individuos portadores de Depressao Maior (DM) e de Cefaléia do tipo migranea
(CM), com intuito de se investigar o papel de alteracdes psiquicas e sistémicas
na presen¢a das DTM, observando-se que a DM parece ndo estar relacionada
com fatores que indicariam a presenca de DTM, mas que a CM indicaria uma
hipertrofia do musculo pterigoideo lateral e portanto poderia estar associada com
fatores ligados a DTM. Sobre a abordagem de variagdes anatOmicas,
relacionadas com as DTM, um dos estudos aqui relatado investigou a relagao
entre a anatomia da eminéncia articular das ATM e a presenga do deslocamento
de disco articular, encontrando resultado que refor¢cou esta hipdtese, outro
trabalho objetivou-se em correlacionar a variacdo dos padroes anatdmicos de
inser¢oes ¢ volumetria do musculo pterigdideo lateral e alteragdes relacionadas
com DTM, concluindo que a variacdo da volumetria deste grupo muscular € o
tipo de sua insercdo pode estar associado aos graus de abertura alterados dos



individuos. Ainda dentro do estudo anatomico e sua relagdo com as DTM, outro
estudo procurou entender a variagdo anatOmica entre as inclinacdes dos eixos
condilares, com a possivel presenca de deslocamentos de disco e sinais de DTM,
suscitando em um achado que ndo comprovou esta hipétese. Finalmente, no que
tange a tecnologia computacional, para estudo das ATM, além daqueles estudos
ja citados em que foi investigado o volume dos musculos pterigoideos, e que,
para tal, valeram-se de técnicas de computagdo grafica para reconstrucoes
tridimensionais, outro estudo componente desta tese elucidou o papel dos filtros
de prés-processamento de imagens por RM como ferramentas que melhorassem
as analises das estruturas das ATM e, portanto, possibilitassem melhores
condicoes de identificacdo de alteracdes nas mesmas relacionadas com as DTM,
concluindo que, de fato, estas ferramentas melhoram o desempenho dos
avaliadores para estas finalidade. Desta forma, apos a revisdo dos artigos, pode-
se concluir que, além do ja denotado valor das imagens de RM no estudo das
ATM e das DTM, novas possibilidades do uso das mesmas por meio de
crescentes recursos computacionais valorizam ainda mais sua indicacdo para
este fim.

Palavras-chaves: Articulagio Temporomandibular. Ressonancia Magnética.
Radiologia. Artropatias.



Lopes SLPC. Applications of magnetic resonance imaging in the study of
temporomandibular disorders [thesis]. Sdo José dos Campos (SP): Sdo Paulo
State University (Unesp), Institute of Science and Technology; 2019.

ABSTRACT

The temporomandibular joint (TMJ) consist of a diartrodial joint, with
remarkable anatomical complexity, and may be influenced by different factors,
including anatomical, psychic, and systemic changes. Temporomandibular
disorders (TMD) consist of a set of signs and symptoms that characterize the
presence of alterations that affect the TMJ, as well as related structures, such as
mastigatory muscles. Among the imaging exams that help in the diagnosis of
TMD, magnetic resonance imaging (MRI) is the gold standard for this purpose.
This imaging modality has, among other advantages being a noninvasive
examination, besides the possibility of providing high definition of soft tissues,
such as the articular disc and mastigatory muscles, thus being the only imaging
technique that enables a high precision study of these structures, besides the
anatomical bone components of the TMJ. This thesis compiled 06 studies,
published in impact journals, which analyzed the relationship between:
anatomical variations of the TMJ structure, the presence of psychological and
systemic findings and the use of computational imaging technologies, in order to
study the TMJ and possible findings in TMD, using MRI. Two of these studies
performed the MRI approach of the TMJ components in individuals with Major
Depression (MD) and Migraine (M), in order to investigate the role of psychic
and systemic changes in the presence of TMD, observing appears that MD does
not appear to be related to factors that would indicate the presence of TMD, but
that M would indicate lateral pterygoid muscle hypertrophy and, therefore, could
be associated with factors linked to TMD. Regarding the approach of TMD-
related anatomical variations, one of the studies reported here investigated the
relationship between the articular eminence anatomy of the TMJ and the
presence of articular disc displacement, finding a result that reinforced this
hypothesis. To correlate the variation in the anatomical patterns of insertions and
volumetry of the lateral pterygoid muscle and TMD-related alterations,
concluding that the variation of the volumetry of this muscle group and the type
of its insertion may be associated with the individuals' altered degrees of mount
opening. Still within the anatomical study and its relationship with TMD,
another study sought to understand the anatomical variation between the
inclinations of the condylar axis, with the possible presence of disc dislocations



and TMD signals, leading to a finding that did not prove this hypothesis. Finally,
with regard to computational technology, for the study of TMJ, in addition to
those studies already cited in which the volume of the pterygoid muscles was
investigated, and for that, they used computer graphics techniques for three-
dimensional reconstructions, another component study. Another study
elucidated the role of MRI preprocessing filters as tools that improve the
analysis of TMJ structures and, therefore, enable better conditions for
identifying TMD-related changes, thus concluding that these tools improve the
performance of evaluators for these purposes. Thus, after reviewing the articles,
it can be concluded that, besides the already denoted value of MRI in the study
of TMJ and TMD, new possibilities of their use through increasing
computational resources further value their indication for this aim.

Keywords: Temporomandibular joint. Magnetic Resonance Spectroscopy
Radiology. Joint Diseases.
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1 INTRODUCAO

A complexidade das articulagdes temporomandibulares (ATM),
juntamente com outras estruturas que, associadas a elas, compdem o sistema
estomatognatico, aumenta suas susceptibilidades a alteragcdes patoldgicas. A
literatura que aborda este tema ¢ ampla e rica e o fascinio pela fisiologia e
patofisiologia das ATM sus i 1
extrema valia nas aplicagdes clinicas em vdrias areas de saude, como medicina,

odontologia, fisioterapia e psicologia.

As desordens temporomandibulares (DTM) constituem uma sindrome que
envolve as ATM e/ou os musculos da mastigacao. Os sinais e sintomas dessas
desordens incluem ruidos articulares, movimentos anormais da mandibula, dor
articular e/ou muscular e a presenca do deslocamento do disco articular (DD).
Além do DD, varias alteracdes podem envolver a cabe¢a da mandibula e/ou o
proprio disco. O diagnodstico dessas desordens ¢ um dos importantes focos na
clinica odontoldgica (Yang et al., 2002). A etiologia das DTM, apesar de
atualmente ser considerada multifatorial, continua possuindo pontos obscuros,
ndo somente no que diz respeito aos fatores responsaveis pelo seu
desenvolvimento, mas também quanto a importdncia que cada um destes

representa para desencadea-la.

Kaplan et al, em 1991, relataram que o inicio dos estudos das DTM nao
possuem uma origem recente, sendo a primeira descricdo dos desarranjos
internos nas ATM publicada em fins do século XIX, correlacionado-se os
sintomas clinicos as disfun¢des estruturais. Esses autores descrevem a
observacdo de sintomas cinicos, nas regides dos seios da face, ou i

1 1 1 ™
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sobremordida. Concluiu-se que o trauma no disco articular era devido a seu
constante movimento para trds e para frente levando a sua perfuracdo e a
compressdao da tuba auditiva, causando a injuria de diversos nervos na area.
Entretanto, esta teoria ndo era capaz de explicar aqueles casos nos quais os

sintomas eram inicialmente nos musculos da mastigagao.

Estes diferentes sintomas, foram reunidos em uma Sindrome denominada
“Si i a i 17 i & i

neuromuscular que ao da propria estrutura da ATM e oclusdo. Varias
investigagdes continuaram sendo realizadas a respeito da presenga de
deslocamento de disco e de estalidos, e, através do advento da artrografia,
possibilitou-se a visualizacdo dos contornos do disco articular deslocado, por
meio da concentracdo das substincias de contraste em imagens radiograficas
convencionais. Nos Anos 80, porém, por meio da tomografia computadorizada
(TC) e, posteriormente, dos exames por ressonancia magnética (RM), houve um
progresso considerdvel tanto no diagnéstico, como plano de tratamento dos

desarranjos internos nas ATM.

Os desarranjos internos nas ATM (DI) podem ser definidos como relagdes
anatdmicas andmalas entre disco articular, cabeca da mandibula, fossa da
mandibula ¢ tubérculo articular, bem como alteracoes em suas formas e
estruturas. O deslocamento anterior do disco apre - 1 1

i i
fases progressivas e estagios clinicos, resultando em deformagdes das estruturas
6sseas componentes da articulagdo temporomandibular. Estes estagios podem
ser visualizados unicamente em imagens por ressonancia magnética (RM),

sendo o exame padrdo ouro para seu estudo. (Held et al., 1996)

A American Academy of Orofacial Pain (Geshi et al., 2004) determinou

os critérios para o diagndstico de individuos como portadores de DTM: presenga
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de sensibilidade dolorosa na articulagdo temporomandibular e¢/ou nos musculos
da mastigacao; presenca de limitagdo de movimentos mandibulares e finalmente
a presenca de ruidos articulares. Nassif et al. em 2001 afirmaram em seu
trabalho, que estes sinais devem ser considerados como parametros classicos
para o diagnostico de desordem temporomandibular em um individuo. Lopes et
al. (2012) avaliando a presen¢a das DTM em individuos com depressao maior,
acrescentaram além destes sinais e sintomas previamente citados, a presenca do
deslocamento do disco articular, como um fator a ser considerado no diagnostico
das DTM, além das alteragcdes musculares/articulares, ruidos e limitacdes de

movimento.

Nas ultimas décadas, o diagnostico por imagens da ATM tem se
desenvolvido com extrema rapidez. Estes avangos incluiram a artrografia, a
tomografia computadorizada e, mais recentemente, as imagens por ressonancia
magnética (RM). Dentre estes métodos, ¢ notivel que a RM fornece
informag¢des mais apuradas da ATM, como deslocamento de disco, presenca de
osteoartrite, deformidades do disco e outras condi¢des patologicas envolvendo
os tecidos moles que formam ou se relacionam com esta articulacao. Os achados
através da RM quando comparados com achados cirargicos, observagoes
histologicas e anatdmicas decorrentes de necropsia mostram-se fidedignos.
Desta forma, a RM tem sido preconizada como o melhor método de diagnostico
por imagens para a ATM. Além da excelente qualidade de imagem, desde que
seja estabelecido um protocolo ideal, esta modalidade ndo faz uso de radiagdes

ionizantes que levam a efeitos deletérios aos organismos vivos (Yang et al.,

2002).

O principio de formacao de imagens por RM, baseia-se na interagdo entre
ondas eletromagnéticas de radiofrequéncia (RF), e portanto de baixa energia, €

os protons dos atomos dos tecidos da regido contida no exame. Para tal, sdo
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utilizadas bobinas de RF que envolvem a regido de interesse e que sao
responsaveis tanto pela emissdo da energia de RF, quanto pela sua captagao,
oriunda dos atomos dos tecidos. Por ser um método fundamentado na interagao
da energia de RF com os protons, além de ndo invasivo (ndo ionizante),
possibilita que os tecidos moles como musculos, tecido fibroso, gordura, agua,
dentre outros, sejam também visualizados com alta resolucdo nas imagens.
Desta forma, para o estudo das ATM, a RM ¢ o tnico método por imagem que
fornece a visualizacdo do disco articular fibrocartilaginoso, permitindo o estudo
de sua posi¢ao, forma, possiveis alteragdes de sinal e sua fungdo. Além disso, a
ponderagdo das imagens, durante sua aquisicao, seja em T1, T2 ou densidade
protonica (DP), possibilita que sejam realizados estudos comparativos do
comportamento dos tecidos, possibilitando a identificacio por exemplo de
alteracdes como necroses avasculares, edemas medulares e efusdes articulares,

caracteristica inerente da RM (Lopes, 2018, p. 248).

Sao inimeros os estudos relacionados a utilizacdo de imagens por RM

para o diagnostico complementar das DTM, alguns dos quais avaliando o papel
i i (L hi 2005, Ak g

2018; Larhein et al., 2018; Bedran & Dos Santos, 2019), concluindo que de fato

os exames de RM possuem grande valia para este objetivo. Outros estudos

foram realizados valendo-se das imagens de RM para investigagdo de alteragdes

6sseas nos componentes das ATM, como erosdes, formacdes de osteofitos,

alteracoes medulares indicativas de edemas e necroses avasculares

Neste contexto, baseado na alta frequéncia e importancia do diagnostico
das DTM, bem como nas possibilidades inerentes aos exames por RM para a
avaliagdo dos componentes das ATM, esta Tese apresenta a compilagdao de 06
trabalhos, que se valeram dos exames de imagens por RM como meio de estudo

das ATM e, mais especificamente, de suas estruturas componentes, avaliadas,
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para se determinar a presenca de DTM, identificando-se desarranjos internos,
alteragdes nos musculos da mastigagdo, além de ferramentas que possibilitem

aprimorar a analise destas estruturas pela RM.
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2 PROPOSICAO

O objetivo da presente tese foi ressaltar a gama de possibilidades que os
exames por imagens de ressonancia magnética (RM) fornecem como meio de
diagnostico complementar no estudo das desordens temporomandibulares.

Para tal, sua estrutura foi dividida em capitulos, que correspondem aos

artigos publicados abordando este tema, seguindo a seguinte sequéncia:

1.Lopes SL, Costa AL, Cruz AD, Li LM, de Almeida SM.
Clinical and MRI investigation of temporomandibular joint in major depressed p
atients. Dentomaxillofac Radiol. 2012 May;41(4):316-22. doi:
10.1259/dmfr/27328352.

2.Lopes SL,Costa AL,Gamba Tde O,Flores IL,Cruz AD,Min LL.
Lateral pterygoid muscle volume and migraine in patients with temporomandibu
lar disorders. Imaging Sci Dent. 2015 Mar;45(1):1-5. dot:
10.5624/isd.2015.45.1.1. Epub 2015 Mar 13.

3.Melke GSF, Costa ALF, Lopes SLPC, Fuziy A, Ferreira-Santos RI. Three-
dimensional lateral pterygoid muscle volume: MRI analyses with insertion patte

ns correlation. Ann Anat. 2016 Nov; 208:9-18. doi:
10.1016/j.aanat.2016.05.007. Epub 2016 Jun 7.

4 Nascimento Falcao I, Cal Alonso MBC, da Silva LH, Lopes SLPC, Comar LP,
Costa ALF. 3D Morphology Analysis of TMJ Articular Eminence in Magnetic
Resonance  Imaging. Int J  Dent. 2017;2017:5130241.  dot:
10.1155/2017/5130241. Epub 2017 Jun 21.
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Clinical and MRI investigation of temporomandibular joint in major depressed p
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10.1259/dmfr/27328352.

Este trabalho originou-se da minha pesquisa desenvolvida para a tese de
Doutorado em Radiologia Odontologica.

Abstract:

Objective: The aim of the present study was to describe the clinical and MRI
findings of the temporomandibular joint (TMJ) in patients with major depressive
disorders (MDDs) of the non-psychotic type. Methods: 40 patients (80 TMJs)
who were diagnosed as having MDDs were selected for this study. The clinical
examination of the TMJs was conducted according to the research diagnostic
criteria and temporomandibular disorders (TMDs). The MRIs were obtained
bilaterally in each patient with axial, parasagittal and paracoronal sections
within a real-time dynamic sequence. Two trained oral radiologists assessed all
i g F i1 y Fih’> x X ? test were applied
(0=0.05). Results: Migraine was reported in 52.5% of subjects. Considering disc
position, statistically significant differences between opening patterns with and
without alteration (p=0.00) and between present and absent joint noises (p=0.00)
were found. Regarding muscular pain, patients with and without abnormalities
in disc function and patients with and without abnormalities in disc position
were not statistically significant (p=0.42 and p=0.40, respectively). Significant
differences between mandibular pathway with and without abnormalities
(p=0.00) and between present and absent joint noises (p=0.00) were observed.
Conclusion: Based on the preliminary results observed by clinical and MRI
examination of the TMJ, no direct relationship could be determined between
MDDs and TMDs.
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Objective: The aim of the present study was to describe the clinical and MRI findings of the
temporomandibular joint (TMJ) in patients with major depressive disorders (MDDs) of the
non-psychotic type.

Methods: 40 patients (80 TMJs) who were diagnosed as having MDDs were selected for this
study. The clinical examination of the TMJs was conducted according to the research
diagnostic criteria and temporomandibular disorders (TMDs). The MRIs were obtained
bilaterally in each patient with axial, parasagittal and paracoronal sections within a real-time
dynamic sequence. Two trained oral radiologists assessed all images. For statistical analyses,
Fisher’s exact test and y? test were applied (o = 0.05).

Results: Migraine was reported in 52.5% of subjects. Considering disc position, statistically
significant differences between opening patterns with and without alteration (p=0.00) and
between present and absent joint noises (p=0.00) were found. Regarding muscular pain,
patients with and without abnormalities in disc function and patients with and without
abnormalities in disc position were not statistically significant (p=0.42 and p=0.40,
respectively). Significant differences between mandibular pathway with and without
abnormalities (p =0.00) and between present and absent joint noises (p =0.00) were observed.

Conclusion: Based on the preliminary results observed by clinical and MRI examination of
the TMJ, no direct relationship could be determined between MDDs and TMDs.
Dentomaxillofacial Radiology (2012) 41, 316-322. doi: 10.1259/dmfr/27328352

Keywords: major depression disorder; temporomandibular disorders; magnetic resonance

imaging; orofacial pain

Introduction

The complexity of the temporomandibular joint (TMJ)
and its structure increases the susceptibility to patholo-
gical changes. Temporomandibular disorders (TMDs)
are a multifactorial syndrome involving the TMJ and/or
the masticatory muscles (MMs),!-? and the most com-
mon symptoms are joint noises, articular disc displace-
ment, abnormal movements of the mandible and pain. It
has been suggested that chronic pain conditions and
depressive disorders share common pathophysiological
characteristics® and could cause major stress to the
patient, thus precipitating a chronic pain condition.

*Correspondence to: Dr Andre LF Costa, Department of Pediatric Dentistry and
Orthodontics, UNICID, Rua Cesario Galeno 448, Bloco A. Tatuapé, Sao Paulo,
SP 03071-000, Brazil. E-mail: alfcosta@gmail.com

A high degree of comorbidity was found between
chronic facial pain, depression and anxiety.* © There is
evidence that some TMD patients experience more an-
xiety than healthy control groups.” According to some
studies, depression and anxiety play an important role
in the aetiopathogenesis of TMDs,”® while others
found a weak association.’

Among the different types of depression, major de-
pressive disorder (MDD) of the non-psychotic type is a
category characterized by a severely depressed mood
and is prevalent in 17.1% of the general population.!?

There are multiple reports of subjects with MDDs
and symptoms in their TMJs and MMs, such as limited
jaw opening, joint noises and orofacial pain,®!' but
there is a lack of information about the relationship



between TMDs and MDDs, although several studies
have asserted the importance of the psychological
factors in the aetiology of TMD.

Imaging of the TMJ is a helpful tool in the diagnosis
of TMD in addition to its clinical findings. MRI allows
analysis of disc position in both sagittal and coronal
planes as well as dynamic assessment of condylar
translation and disc movement during opening and
closing, disc morphology and requires no ionizing
radiation.!>13

The aim of this study was to verify any correlation
between the pathological clinical parameters of the
TMJ and MRI diagnoses in MDD patients.

Materials and methods

This study was approved by the School of Dentistry,
UNICAMP ethical committee, and informed consent
was given by all patients. We evaluated 40 patients (26
females and 14 males; mean age 40.2 years), all of whom
were diagnosed with an MDD of the non-psychotic type
by a trained psychiatrist according to Diagnostic and
Statistical Manual of Mental Disorders-Fourth Edition
(Text Revision) criteria.'* The patients had received only
an initial treatment of MDD and still showed the
symptoms of this disease.

Clinical examination

Patients were asked about TMD symptoms and were
evaluated by a qualified dentist according to the research
diagnostic criteria for TMD (RDC/TMD axis ) in
order to assess the presence of TMD symptoms. The
RDC/TMD examinations allowed the diagnoses of the
following: muscle disorders, disc displacement, arthral-
gia, osteoarthritis and osteoarthrosis. Joint sounds, i.e.
click and crepitus, were recorded separately for each
joint. The mouth opening and jaw excursions were
measured (mm) and the presence of pain during these
movements was recorded. During the procedure, the
patients were asked whether or not they felt any pain.
Symptoms such as headaches, bruxism and jaw protru-
sion were classified as always present, occasionally
present, not present and uncertain.

Magnetic resonance imaging
Patients were examined using a 1.5T scanner (Signa;
GE Medical Systems, Milwaukee, WI) with 8.5 cm
diameter surface coils.

MRI protocol was:

1. Axial images in maximum intercuspation position
using spin echo sequence (SE), T, weighted (T1W),
repetition time (TR) 850 ms, echo time (TE) 1.6 ms,
section thickness (ST) 5.0 mm, field of view (FOV)
180x 180 mm and a matrix of 256x256, number of
excitations (NEX) 2, echo train length=180", radio
frequency 4, flip angle 20°. Among these images, we
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selected the side that showed the best view of the
condyle. These images were called “localizer sec-
tions” and were used to determine the parasagittal
and paracoronal sections (perpendicular and paral-
lel, respectively, to the condyle).

2. Parasagittal images in SE in proton-density weighted
(DP) (TR=1200.0ms, TE=13.7ms, ST=3.0mm,
FOV =150 x 150 mm and a matrix of 512 x 512). Six
images from each side were obtained from lateral to
medial positions. These images were first obtained
with the patient in maximum intercuspation position
and then with maximum opening.

3. Paracoronal images in SE in DP (TR =1200.0 ms,
TE=13.7ms, ST=2.0mm, FOV=150x150 mm and
a matrix of 512x512). Six images from each side were
obtained from anterior to posterior. These images
were obtained with the patient in maximum inter-
cuspation position.

4. A real-time dynamic study in fiesta fat in a parasagit-
tal plane (TR =9.4ms, TE=42ms, ST =10.0mm,
FOV =211 x 211mm and a matrix of 256 x 256).
The patients were instructed to slowly open their
mouths to maximal opening and then to slowly close
to maximum intercuspation in a repetitive sequence.
This was rehearsed with patients before imaging. Each
dynamic recording (duration 18s) covered a full
sequence.

The MRIs were studied separately by two radiolo-
gists (SLPCL and ALFC) with 10 years of experience in
maxillofacial radiology. The examiners were evaluated
previously during a calibration session at which inter-
observer reliability assessment revealed acceptable
agreement (x=0.9) for evaluation of the dichotomous
variables. During the interpretation of the images of
the study, any disagreements were discussed until a
consensus was reached.

Protocol for MRI interpretation
(a) The disc position, which was assessed through the
parasagittal and the paracoronal images. Normal disc
position was defined by the location of the posterior
band of the disc at the superior, or 12 o’clock, position
relative to the condyle, whereas disc displacement was
defined as the posterior band of the disc being in an
anterior, anteromedial, anterolateral, medial or lateral
position relative to the superior part of the condyle.'®
(b) The disc function, which was assessed through
parasagittal images and the real-time dynamic study.!®
(c) The condyle position in the mandibular fossa was
assessed using parasagittal closed-mouth images first
and then parasagittal maximum opening mouth images.
We used the e-Film workstation program (e-Film
Medical Inc., Toronto, Canada) and its measurement
tool to trace the condyle position in the fossa. The
condylar position determined the narrowest anterior
and posterior interarticular distances on mid-sagittal
MR images of the condyle. When the anterior distance
was greater than the posterior distance, the condylar
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position was considered to be posterior within the
fossa. When the difference was zero, the condylar
position was considered to be centric within the fossa
and when the posterior distance was greater, the
condylar position was considered to be anterior within
the fossa. When the articular space was reduced and the
condyle occupied most of the area, it was considered
intrusion. When the articular space was increased and
the condyle was inferiorly displaced, it was considered
extrusion.!'”-18

Statistical methods and analyses of the results
A statistical analysis was performed to evaluate the
association of:

1. TMJ functional pain, disc function and disc
position

2. muscular pain, disc function and disc position

3. disc position, condyle position, opening patterns and
joint noises.

A statistical analysis was performed separately with
variables using Fisher’s exact test and y? test with a
significance level of 5% (2=0.05).

Results

Four scans in the TMJ dynamic presented a motion
artefact with image blurring owing to an abrupt jaw
movement. These four patients were invited to come
back for a new scan session and underwent a second
sequence, all of which were performed correctly without
generating artefacts.

The most frequent alteration was the presence of
migraines: 52.5% of the patients reported they always
had them and 47.5% had them occasionally. Bruxism
was the second most frequent complaint: 35.0% of the
MDD patients stated that it was always present and
47.5% said it was occasionally present. Mandibular
protrusion was reported in 7.5% of the patients as
always present and 30.0% had it occasionally, but
40.0% of patients were certain they did not have it.

The normal values of maximum mouth opening are
more than 40 mm, while the normal values of the
laterotrusion and protrusion are more than 6 mm. The
mean maximum mouth opening in our study was
46 mm and laterotrusion and protrusion movements
were normal, with means of 7.5mm and 7.4mm,
respectively. An abnormal mandibular pathway was
observed in 34 patients (85.0%), 62.5% had deviation
and 22.5% had deflection; 70% of the patients with
TMDs had joint noises, while 55 (69.0%) had clicking
and only 1 had crepitation.

‘When the TMD patients were examined by palpation
in the rest position, 15 (18.75%) complained of pain.
However, when they were examined while opening and
closing their mouth, this number increased to 49
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(61.2%). It was observed that the MM group reported
pain during palpation in the sternocleidomastoid
muscle followed by pain in the masseter (both sides
were examined).

As to the disc positions in the closed mouth position
in the MRIs, 26 (32.5%) of the articular discs were in
their normal position and 54 (67.5%) were displaced.
The most frequent type of disc displacement was the
partial anterolateral displacement, present in 26 TMJs
(32.5%), followed by anterior displacement in 17 TMJs
(21.2%) and partial anteromedial displacement in
5 TMJs (6.2%), while medial displacements and la-
teral displacements were observed in 3 TMIs (3.75%).
Rotational, anterolateral displacement, anteromedial
displacement and posterior displacements were not
observed in our study.

Table 1 Association between position/function of the temporoman-
dibular joint (TMJ) disc and TMJ functional pain, masticatory
muscles pain, joint noise, mandibular pathway and condyle position

TMJ functional pain

Disc position Absent Present Total
Normal 12 (15%) 14 (17.5%) 26
Abnormal 19 (23.7%) 35 (43.7%) 54

Total p=0.34 (4 test) 31 49 80

TMJ functional pain

Disc function Absent Present Total
Normal 30 (37.5%) 45 (56.2%) 175
Abnormal 1(1.2%) 4 (5%) 5
Total p=0.32 (Fisher’s exact test) 31 49 80

Muscle pain

Disc position Absent Present Total
Normal 3(3.7%) 24 (30%) 27
Abnormal 3(3.7%) 50 (62.5%) 53
Total p=0.4 (Fisher’s exact test) 6 74 80

Muscle pain

Disc function Absent Present Total
Normal 6(7.5%) 68 (85%) T4
Abnormal 1(1.2%) 5(6.2%) 6
Total p=0.42 (Fisher’s exact test) 7 73 80
Joint noise
Disc position Absent Present Total
Normal 19 (23.7%) 7(8.7%) 26
Abnormal 5(6.2%) 49 (61.2%) 54
Total p=0.00 (5> test) 24 56 80

Mandibular pathway
Normal Abnormal  Total
6 (15%) 2 (5%) 8

Disc position

Without disc displacemnt

With disc displacemnt 0 (0%) 32 (80%) 32

Total p=0.00 (Fisher’s exact test) 6 34 40
Condyle position

Disc position Normal Abnormal  Total

Normal 4 (5%) 6 (7.5%) 10

Abnormal 19 (23.7%) 51 (63.7%) 70

Total p=0.30 (Fisher’s exact test) 23 57 80
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Considering the functional disc categories, the exams
revealed that 75 (93.75%) of the discs had reduction
when the patients were in maximum opening mouth
activity, while 5 (6.25%) of them did not assume a
normal position and remained displaced while in the
maximum opening mouth activity and had displace-
ment without reduction.

We found the central condyle position in the man-
dibular fossa in 23 (28.75%) TMJs and the non-central
positions in 57 TMIJs (71.25%), divided into the fol-
lowing groups: 43 (53.78%) in the posterior position,
7 (8.75%) in the anterior position, 4 (5.0%) in the intru-
sion position and 3 (3.75 %) in the extrusion position.

Figure 1 Real-time dynamic MRI of a temporomandibular joint movement with anterior disc displacement without reduction and
discontinuous condyle movement. C, condyle; T, temporal bone; DD, disc displacement
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The frequency of the different kinds of condyle mobility
in the images showed that 22 (27.5%) of the condyles
had a normal motion position and 58 (72.5%) had
hyper- or hypomobility: 32 (40.0%) with hypermobility
and 6 (7.5%) with hypomobility.

There was no relationship between the disc function
and joint functional pain (p=0.32) and MM pain
(p=0.42) as well as between disc position and joint
functional pain (p=0.34) and MM pain (p =0.40). We
found no relationship between disc position and
condyle position in the mandibular fossa (p=0.30).
When disc position was related to joint noise, we ob-
served a relationship between both of them (p= 0.00) as
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Figure 2 Static sagittal MRI slices showing disc displacement without reduction in (a) closed mouth and (b) open mouth

well as between disc position and mandibular pathway
(p=0.00) (Table 1). Table 2 demonstrates the relation-
ship between the signs and symptoms of TMD and disc
displacement.

Figure 1 shows a series of images from real-time
dynamic study in fiesta fat in a parasagittal plane of a
subject with disc displacement without reduction and
Figure 2 shows disc displacement without reduction
during mouth closing and opening.

Discussion

A recurrent migraine was the most common symptom
reported. Migraines are normal among TMD patients,
suggesting that they may be correlated with TMDs.%!?
Conversely, migraines are frequently associated with
MDD patients and are an important additional finding
in MDD diagnosis.?’ Approximately 75.0% of MDD
patients complained about migraines in their first MDD
episode and the highest index was among the women;?!
in our study, 65.0% were women. This explains the high
presence of recurrent migraines. Besides the high levels
of recurrent migraines, bruxism was the second most
common complaint observed during the exams. Some of
the patients in our study answered negatively when asked
about it, but when the clinical exam was performed, we
noted the occurrence of abrasion in the dental elements
which suggested the presence of bruxism. There is
evidence suggesting the psychological alterations is an
important aetiological factor in bruxism.??

In the present study, the association between disc
position and pain (TMJ and MM) was not observed,
but the literature shows a correlation between these
findings.?*2¢ In addition, pain as an isolated symptom
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was frequently observed. This can be explained by the
MDD patients used in this sample. The MM pain was
mainly observed in MDD subjects as a characteristic
symptom. Besides this finding, we must remember that
TMD patients have acute and chronic phases, with
different signs and symptoms that can be responsible
for the lack of relationship between pain and TMDs.

We did find a relationship between disc position
and joint noise. According to some authors, there is a
higher incidence of TMJ noise in the female gender.?’
Our findings confirm other works?® which concluded
that clicking occurs frequently in patients with disc
displacement with reduction. In our study, 67.5% of
those with TMD had disc displacement and, among
these, 75% TMJs had disc reduction. The most pre-
valent disc noise found was clicking, except for one
patient with crepitation. This suggests an association
between joint sounds (clicking/crepitation) and disc
displacement. Crepitation is frequently associated with
disc displacement without reduction and, although
there were five TMJs with disc displacement without
reduction, just one presented crepitation. This em-
phasizes the non-specific noise presence as a TMD
indicator since joint noise can be caused by different
alterations, such as disc displacement, irregularities of
surface of joint bone and hypermobility of the
condyle.?* We found a high percentage (52%) of TMJ
patients who presented hypermobility.

There was no relationship between disc position and
condyle position, even though in the present study 53.7%
of the TMJ patients had the condyle in a posterior po-
sition and the proportion of disc displacement was high
(67.5%). Some authors®*3! have associated the posterior
position of the condyle with the anterior displacement of
the disc. However, they did not make clear if the posterior
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Table 2 The relationship between the signs and symptoms of temporomandibular disorder (TMD) and disc displacement

Signlsymptom
Disc position Abs Pain LM  Noise Pain + LM LM + noise Pain + noise Pain + noise + LM Total
Normal 3 16 0 0 0 0 8 0 27
(3.75%) (20%) (10%)
Displaced 0 1 0 2 3 0 46 1 53
(1.2%) (2.5%) (3.75%) (57.5%) (1.2%)
Total 3 17 2 3 54 1 80

Abs, no sign and symptom; LM, limited mandibular movements; noise, joint noise present (clicking/crepitation); pain, pain in the tem-

poromandibluar joint and/or masticatory muscles.

position of the condyle could be the cause or is the
consequence of the anterior disc displacement. Other
authors’>3 have questioned the real significance of the
condyle position affecting disc displacement.

Dynamic assessments of TMJ function remain a great
challenge. The diagnostic provided by dynamic MRI
includes disc deformation and movement under loading
and an evaluation of dynamic condylar translation.* The
use of techniques that offer dynamic studies of the TMJ
with short examination time requires avoidance of the
artefact and may reduce the quality of examinations.3+3¢
The real-time dynamic study in fiesta fat was chosen for
the reduced time for scan and quality of images acquired.
Fiesta fat sequences are relatively insensitive to motion
artefacts.’” However, in our study this sequence generated
10% of artefacts in the exams, degrading the image quality
and hampering the diagnostic accuracy.
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Abstract:

Purpose: Lateral pterygoid muscle (LPM) plays an important role in jaw
movement and has been implicated in Temporomandibular disorders (TMDs).
Migraine has been described as a common symptom in patients with TMDs and
may be related to muscle hyperactivity. This study aimed to compare LPM
volume in individuals with and without migraine, using segmentation of the
LPM in magnetic resonance (MR) imaging of the TMJ. Materials and Methods:
Twenty patients with migraine and 20 volunteers without migraine underwent a
clinical examination of the TMJ, according to the Research Diagnostic Criteria
for TMDs. MR imaging was performed and the LPM was segmented using the
ITK-SNAP 1.4.1 software, which calculates the volume of each segmented
structure in voxels per cubic millimeter. The chi- h Fih”’
exact test were used to relate the TMD variables obtained from the MR images
and clinical examinations to the presence of migraine. Logistic binary regression
was used to determine the importance of each factor for predicting the presence
of a migraine headache. Results: Patients with TMDs and migraine tended to
have hypertrophy of the LPM (58.7%). In addition, abnormal mandibular
movements (61.2%) and disc displacement (70.0%) were found to be the most
common signs in patients with TMDs and migraine. Conclusion: In patients with
TMDs and simultaneous migraine, the LPM tends to be hypertrophic. LPM
segmentation on MR imaging may be an alternative method to study this muscle
in such patients because the hypertrophic LPM is not always palpable.
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ABSTRACT

Purpose: Lateral pterygoid muscle (LPM) plays an important role in jaw movement and has been implicated in
Temporomandibular disorders (TMDs). Migraine has been described as a common symptom in patients with TMDs
and may be related to muscle hyperactivity. This study aimed to compare LPM volume in individuals with and
without migraine, using segmentation of the LPM in magnetic resonance (MR) imaging of the TMJ.

Materials and Methods: Twenty patients with migraine and 20 volunteers without migraine underwent a clinical
examination of the TMJ, according to the Research Diagnostic Criteria for TMDs. MR imaging was performed and
the LPM was segmented using the ITK-SNAP 1.4.1 software, which calculates the volume of each segmented
structure in voxels per cubic millimeter. The chi-squared test and the Fisher’s exact test were used to relate the
TMD variables obtained from the MR images and clinical examinations to the presence of migraine. Logistic binary
regression was used to determine the importance of each factor for predicting the presence of a migraine headache.
Results: Patients with TMDs and migraine tended to have hypertrophy of the LPM (58.7%). In addition, abnormal
mandibular movements (61.2%) and disc displacement (70.0%) were found to be the most common signs in patients
with TMDs and migraine.

Conclusion: In patients with TMDs and simultaneous migraine, the LPM tends to be hypertrophic. LPM seg-
mentation on MR imaging may be an alternative method to study this muscle in such patients because the hyper-
trophic LPM is not always palpable. (Imaging Sci Dent 2015; 45: 1-5)

KEY WORDS: Pterygoid Muscles; Temporomandibular Joint Disorders; Migraine Disorders; Magnetic Resonance Imaging

Frequently, patients with TMDs also describe symptoms

Introdnction of headache, similar to those reported by patients diagnos-

Temporomandibular disorders (TMDs) are characterized
by pain around the temporomandibular joint (TMJ) and
jaw muscles, limited jaw movement, and TMJ sounds.’
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ed with tension-type or migraine headaches, according to
the nosology developed by the International Headache
Society.? The relationship between tension-type headache,
which was formerly known as musculoskeletal headache,
and myalgia of the masticatory muscles is well known and
has been demonstrated in many patients with TMDs. How-
ever, only a few studies have shown a significant associa-
tion between vascular headache or migraine and TMDs,
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with tenderness of the lateral pterygoid muscle (LPM) and
the temporalis muscle commonly found in patients with
migraine.>

The LPM makes a singular contribution to jaw movement
control by virtue of its attachments to components of the
TMJ, such as the capsule, disc, and condyle. The superior
lateral pterygoid muscle is primarily attached directly to
the disc and the TMJ capsule, contributing to disc stability
and positioning, whereas the inferior lateral pterygoid mu-
scle contributes primarily to jaw opening.””

No studies have yet been published relating the volume
of the LPM to migraine in patients with TMDs. The pur-
pose of this study was to compare the volume of the LPM
in patients with migraine and a control group made up of
volunteers without migraine, using the segmentation of
the LPM in magnetic resonance (MR) images of the TMJ
to determine the volume of the LPM. In addition, the most
frequent signs and symptoms of TMDs were investigated
in patients with migraine.

Materials and Methods

Research ethics committee approval was obtained for
this study (protocol number 055/2005). The study sample
comprised 20 patients with migraine (8 males and 12 fe-
males, age range 21-49 years, mean 39.3 years) and the
control group comprised 20 volunteers without migraine
or any signs or symptoms of TMDs (10 males and 10 fe-
males, age range 18-75 years, mean 42.4 years). Patients
with migraine were diagnosed and selected by an expert
neurologist according to the 2004 International Classifica-
tion of Headache. Patients with no symptoms of migraine
according to the international classification were excluded
from the patient group.

Both the control and patient groups underwent a clinical
examination of the TMJ conducted by an experienced oro-
facial pain specialist according to the Research Diagnostic
Criteria for TMDs.'® The signs and symptoms of TMDs,
such as mandibular range of motion (opening, laterotru-
sion, and protusion), joint noise, and muscle and/or TMJ
pain on palpation, were evaluated and the resulting data
were collected. All patients had some signs and symptoms
of TMDs in both TMIs for at least five years and were re-
ferred by their dentists to the Orofacial Pain and Tempor-
omandibular Disorders Center in the Department of Oral
and Maxillofacial Surgery at the State University of Cam-
pinas (UNICAMP). Patients taking any type of medication
for hypertension or heart disease, patients taking muscle
relaxants, and patients who had undergone surgical treat-

ment of the TMJ, orthognathic surgery, or orthodontic
treatment were excluded from the sample.

Image acquisition

MR imaging was performed on all patients and controls
using a 1.5-T MR Imager (Sigma; General Electric, Mil-
waukee, WI, USA) with a bilateral and dedicated circular
polarized 8.0-cm transmit-and-receive TMJ coil. Images
were obtained in closed-mouth and open-mouth positions.
Using the axial localizer image, parasagittal images (per-
pendicular to the condylar axis) were obtained and select-
ed to analyze the disc-condyle relationship, using the fol-
lowing protocol.

In the closed-mouth images, the disc was considered to
be in normal position when the posterior band of the disc
was located at the most superior part of the condyle, as
indicated by being in the 12 o’clock position relative to
the condyle. The disc was considered displaced when the
posterior band of the disc was located anterior to the sup-
erior part of the condyle. In the open-mouth images, the
disc was considered reduced only if it was located between
the condyle and the eminence.'’

According to this protocol, if the disc was displaced - in-
cluding anterior, anterolateral, and anterolateral displace-
ments - in the closed-mouth images, and reduced in the cor-
responding open-mouth images, the disc was classified as
experiencing disc displacement with reduction. In contrast,
if the disc was displaced in the closed-mouth images and
not reduced, but still displaced, in the corresponding open-
mouth images, the disc was classified as experiencing disc
displacement without reduction.

Condylar motion was considered normal in open-mouth
images when the vertex of the condyle was situated beyond
the articular eminence, and was considered abnormal when
a bite block was necessary to maintain the open-mouth
position and avoid motion artifacts.'®

The same dentomaxillofacial radiologist evaluated all
images, using Merge eFilm Workstation 1.5 (Merge Heal-
thcare, Chicago, IL, USA). The images were interpreted
on a 17-inch LCD monitor under appropriate conditions
with suitable brightness.

Segmentation procedure: lateral pterygoid muscle
volume

All the closed-mouth images were recorded in the Digital
Imaging and Communications in Medicine format and
then converted to the Analyze (Mayo Clinic, Rochester,
USA) format using the MRIcro software (Www.mccaus-
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landcenter.sc.edu, MacCausland Center for Brain Imaging,
Columbia, SC, USA). The Analyze format is required for
processing and image fusion programs. The DICOM for-
mat contains text information about the patient, while the
Analyze format only contains the raw image. All the An-
alyze images were exported into the ITK-SNAP 1.4.1 soft-
ware (University of North Carolina, Chapel Hill, NC),
which calculates the volume of each segmented structure
in voxels per cubic millmeter."" In this study, the images
of the muscles in each corresponding slice were segment-
ed in the axial, sagittal, and coronal planes to obtain the
LPM volume of each TMJ. The right and left LPMs were
segmented individually, using different labels and colors
(red for the right and dark pink for the left), in order to
obtain the volume for each LPM. The condyle, coronoid
process, and part of the ramus of the mandible (labeled in
light blue) were also segmented, in order to provide orien-
tation landmarks in the three-dimensional models (Fig. 1).

All the LPM volumes (right and left, separately) were
recorded in tables and related to the clinical findings (signs
and symptoms) that were obtained by clinical examinations
following the Research Diagnostic Criteria for TMDs and
by MR imaging of the TMJ. This was carried out in the
same manner for all patients with migraine and the control
group.

The chi-squared test and the Fisher’s exact test, with p-
values <0.05 considered to indicate statistical significan-
ce, were performed to relate the TMD variables on the MR
images to the variables obtained from clinical examina-
tions (disc displacement, disc reduction, normal or abnor-
mal condyle motion, articular and/or muscle pain, mandi-
bular range of motion, and joint noise) for the control and
migraine groups. The #-test was used to compare LPM vol-
ume values with different variances (P (t=1) one-tailed=

Sérgio Lucio Pereira de Castro Lopes et al

Fig. 1. Three-dimensional model of
the segmented structures using the
ITK-SNAP software in an anterior
superior view shows the lateral
pterygoid muscle (a, b), the condyle,
the coronoid process of the mandi-
ble, and part of the mandibular ra-
mus (R).

Table 1. Analysis of the factors from closed-mouth images involv-
ed in temporomandibular disorders in the control and migraine
groups according to the chi-squared and Fisher’s exact tests

TMD factors Control Migraine P-value
group group

No disc displacement 32 12

Disc displacement 8 28 <0.0001*
Total 40 40

Disc reduction 35 25

No disc reduction 5 15 0.019*
Total 40 40

Normal condyle motion 34 14

Abnormal condyle motion 6 26 <0.0001*
Total 40 40

No joint noise 34 27

Joint noise 6 13 0.0282"
Total 40 40

No pain 33 20

Pain 7 20 <0.0001"
Total 40 40

Normal mandibular motion 18 6

Limited mandibular motion 2 14 0.0001°
Total 20 20

“chi-squared test, °Fisher’s exact test, TMD: temporomandibular disorders

0.000001). All tests were performed using the Minitab sta-
tistical software (Minitab Inc., State College, PA, USA).

Logistic binary regression was applied in order to study
the importance of each factor for predicting the presence
of migraine headache.

Results

Statistically significant differences between the two
groups were found for all the variables analyzed. This was
confirmed by the chi-squared and Fisher’s exact tests, with
p-values <0.05 considered to indicate statistical signifi-
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Table 2. Analysis of the relevance percentage of each factor in the patients with migraine headache according to the logistic binary

regression test

Factor Migraine LPM volume Disc displacement Disc reduction Condyle motion ~ TMJ noise Pain
(% relevance) (% relevance) (% relevance) (% relevance) (% relevance) (% relevance) (% relevance)

LPM volume 58.7 - - - - - -
Disc displacement 70.0 34.5 - - - - -
Disc reduction 28.9 17.3 58.0 - - - -
Condyle motion 45.5 13.9 442 38.0 - - -
TMI noise 20.6 16.8 44.0 322 0.4 - -
Pain 34.4 11.7 57.6 68.7 45.6 8.8 -
Mandibular motion 61.2 255 544 35.4 69.2 144 61.2

LPM: lateral pterygoid muscle, TMJ: temporomandibular joint

cance. Disc displacement, absence of disc reduction, abnor-
mal condyle motion, joint noise, articular and/or muscle
pain, and limited mandibular range of motion were found
more frequently in the migraine group than the control
group (Table 1).

With regard to the volume of the LPM, the #-test show-
ed a statistically significant relationship between migraine
and increase of LPM volume. According to logistic binary
regression, the relevant factors that predicted the presence
of migraine headache were limited mandibular motion (re-
levance 61.2%), increased volume of the LPM (relevance
58.7%), and disc displacement (70.0%) (Table 2).

Discussion

Patients diagnosed with painful TMDs often report hea-
daches and pain, typically located in the mastication mu-
scles.® Although it has been suggested that TMDs can be
a trigger for migraine, the role of muscle hyperactivity in
migraine has not been clearly established.'? The main re-
sults of this study are that the LPM was hypertrophic in
most of the patients with migraine and that these patients
had signs and symptoms of TMDs (such as pain, joint
noise, and disc displacement) when migraine was present.
The human LPM plays an important role in the control of
jaw movement and has been implicated in TMDs because
it is very tender in patients with TMDs.'"'*'* Moreover, a
widespread hypothesis exists that abnormal patterns of
LPM activity in some patients with TMDs, associated with
hyperactivity of the superior head of the LPM, could lead
to degenerative arthritic changes in the TMJ.""*'* Our
study was performed using a specific method that allowed
a realistic evaluation of the structure of the LPM, using
MR imaging and reliable software to calculate its volume,
which was then related to the signs and symptoms of
TMDs and the presence of migraine. Previous studies eval-

uating the functional properties of the LPM in patients
with TMDs were based on palpation and electromyogra-
phic activity, which is widely known to be a challenging
method to apply to this group of muscles.""?

Another important finding in this study was the relative
importance of each factor (TMD signs and symptoms) and
the volume of the LPM for predicting the presence or ab-
sence of migraine. The results showed that the three most
important variables related to migraine in patients with
migraine were abnormal mandibular motion, hypertrophic
LPM volume, and the presence of disc displacement in
the TMJ.'® Our study found a relationship between disc
displacement/reduction and abnormal mandibular motion.
Mandibular deviation was related to disc displacement
with reduction, whereas mandibular deflection was related
to disc displacement without reduction.

Considering the high percentage of patients with migra-
ine and disc displacement (70.0%), it is possible that the
activity of the LPM can increase in order to stabilize the
displaced disc during mandibular movements, which could
lead to hypertrophic muscles, as have been observed in
patients with TMDs and migraine. Previous studies in
which the TMJ was dissected have shown that the superior
surface of the upper head of the lateral pterygoid and the
midmedial muscle bundle were attached to the disc."
These findings could explain the hypertrophic LPM that
is so common in patients with migraine who have one of
the most prevalent signs of disc displacement; abnormal
disc position could stimulate LPM activity in an attempt
to preserve normal function and position.

D’Ippolito et al.'® studied the visibility of the LPM on
MR imaging and concluded that alterations in the thickness
of the LPM are more frequent in patients with TMDs.'® In
our study, both groups (controls and patients with migra-
ine) had TMDs, but the thickness of the LPM was only sig-
nificant in the migraine group. Some studies have shown
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no statistically significant correlations between LPM alter-
ations and TMJ abnormalities; however, they only used
visual analysis of the MR images instead of LPM segmen-
tation. We consider the segmentation method to be more
accurate than visual analysis, because it provides a nume-
rical value for the volume of the LPM."

Taskaya-Yilmaz et al.” concluded that the LPM is atro-
phied and degenerated in TMJs with disc displacement
and no reduction. This result differs from ours, which can
probably be explained by their visual evaluation of atrophy
and degeneration on MR images, compared to our use of
specific software to accurately calculate the real segmented
volume of the LPM. In addition, the duration of the sym-
ptoms may help to explain the difference between their
findings and ours. In our study, the patients with migraine
had acute symptoms, which can increase the volume of the
LPM. However, Taskaya-Yilmaz et al.’s study contained
no information about whether the symptoms were acute
or chronic, and the decreased LPM volume they observed
was probably related to the presence of chronic symptoms
in their patients.

It may prove useful to consider the inferior and superior
parts of the LPM separately. Some studies have examined
the muscle architecture of the superior and inferior heads
of the LPM using cadaveric specimens.'® We did not per-
form segmentation separately on the superior and inferior
parts of the LPM in order to consider the distinct heads of
the muscle, because it was difficult to determine the real
limits of each head on the MR images. Moreover, this me-
thod could lead to misinterpretation and erroneous conclu-
sions about the LPM.

In conclusion, this study showed that the LPM tends to
be hypertrophic in patients with TMDs and simultaneous
migraine. Furthermore, disc displacement and abnormal
mandibular movements seem to be the most common signs
in patients with migraine and TMDs. Although not all
patients with TMDs and migraine showed LPM hypertro-
phy, our results suggest that TMDs can be a cause of LPM
hypertrophy. Moreover, our results suggest that the known
difficulties in using palpation alone to study the LPM may
be circumvented by employing LPM segmentation on MR
imaging as an alternative method for studying this muscle
group.
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Abstract:

We evaluated lateral pterygoid muscle volume in closed and open mouth
positions in association with anterior disc displacement, effusion and abnormal
articular disc shape from three-dimensional reformations of MRI. A total of 24
MRI of a sample (15 females, 9 males) aged 19-64 years (37.2 years £11.4)
were assessed. Segmentation and volumetric assessment of the total, upper and
lower heads of the lateral pterygoid muscle were performed using free software.
The upper head of the lateral pterygoid muscle had a smaller volume than the
lower head at both sides, in the closed- and open-mouth positions. In the open-
mouth position, individuals with a subdivided upper head, where one component
was inserted in the articular disc and another in the mandibular head, displayed a
significantly larger volume of the upper head compared to individuals who had a
single attachment to the articular disc (p = 0.0130). The lateral pterygoid muscle
has different volumes in the closed- and open-mouth positions. Gender affected
muscle volume, specifically the upper head component. Insertion type in the
upper head also seemed to affect muscle volume.
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1. Introduction

During the past decades, an increasing number of studies have
focused on the temporomandibular joint (TM]) because of its
complex anatomy and relatively high susceptibility to pathologi-
cal alterations (Costa et al., 2008a, 2008b, 2014; Dworkin, 2010;
Dworkin and LeResche, 1992; Lopes et al., 2012). Such alterations
often result in symptoms that characterize a temporomandibular
disorder (TMD). The anterior articular disc displacement represents
the most prevalent TMD (Costa et al., 2008a). Diagnosis in these
cases requires precise location of the disc, usually via magnetic
resonance imaging (MRI) (Costa et al., 2008b; Tomas et al., 2006).

This imaging technique also allows for the assessment of
muscles of mastication and their possible involvement in TMD
(Balcioglu et al., 2009; Barriere et al., 2009; D’Ippolito et al., 2010;
Farrugia et al., 2007; Goto et al., 2002; Imanimoghaddam et al.,
2013; Lamey et al., 2001; Mazza et al., 2009; Ng et al., 2009; Omami

* Corresponding author at: Department of Orthodontics, UNICID, Rua Cesdrio
Galeno 448, Bloco A. Tatuapé, 03071-000 Sao Paulo, Brazil. Tel.: +55 11 2178 1294;
fax: +55 11 2178 1355.

E-mail address: alfcosta@gmail.com (A.LF. Costa).

http://dx.doi.org/10.1016/j.aanat.2016.05.007
0940-9602/© 2016 Elsevier GmbH. All rights reserved.

and Lurie, 2012; Schellhas, 1989; Taskaya-Yilmaz et al., 2005). The
lateral pterygoid muscle (LPM) represents one of the most impor-
tant muscles in the physiology of mastication, and, inserted in the
TM]J, it acts in mandibular opening, lateral movement and protru-
sion (D’Ippolito et al., 2010; Omami and Lurie, 2012). The LPM is a
symmetric paired muscle, located in the interior of the infratempo-
ral fossa, formed by an upper head (connected to the TMJ articular
disc) and a lower head (Imanimoghaddam et al., 2013; Mazza
et al., 2009; Omami and Lurie, 2012). Articular disc displacements
without reduction or effusion may result from alterations in the
physiology of muscles of mastication (Costa et al., 2008a; D'Ippolito
etal., 2010).

Previous studies report increased LPM volume occurring in par-
allel to (and on the same side as) unilateral mastication (Goto
etal., 2002), and greater thickness of this muscle is associated with
anterior disc displacement and articular hypermobility (Benington
etal., 1999). However, some authors suggest that anterior articular
disc displacement without reduction may correlate with atrophy
of the upper head of the lateral pterygoid muscle (Balcioglu et al.,
2009).

In this study, we used MRI to evaluate associations between
lateral pterygoid volume - total muscle, upper and lower head vol-
umes - in open- and closed-mouth positions with TMDs, including
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Table 1 » ) (Costa et al., 2008a). Articular disc morphology was analyzed in the
Sample characteristics: gender, age and TM] pain. open- and closed-mouth positions and classified as normal bicon-
Characteristics Gender cave or abnormal with altered morphology (Fig. 1) (Amaral Rde

Female Male Total etal, 2013). . N .
The MRI files were selected according to the following inclusion
n * n # n % criteria (Costa et al., 2008b): all patients should have received a
Age positive or negative diagnosis of anterior articular disc displace-
=39 10 66.7 4 444 14 583 ment, through MRI analysis. However, patients could not have
;:ig > 333 5 55.6 10 417 concurrent conditions such as rheumatoid arthritis, rheumatic pso-
No 10 66.7 5 556 15 625 riasis, and severe myasthenia (Schellhas, 1989). Exclusion criteria
Yes 5 333 4 44.4 9 375 included: impaired visualization of the LPM; impaired visualization
Total 15 100.0 9 1000 24 1000 of details; images with low sharpness resulting from patient move-

anterior articular disc displacements, effusion, and morphological
alterations in the articular disc.

2. Materials and methods
2.1. Sample selection

The images were originally taken as part of previous research.
After approval by the UNICID Research Ethics Committee (protocol
number 13350813.1.0000.0064), MRI from 24 patients (15 women
and 9 men) between 19 and 64 years of age (37.2 years+11.4)
were selected for analysis, from an initial sample derived from 57
individuals. Discarded images were not clear enough, as per the
exclusion criteria discussed below. Five of the 24 patients were
diagnosed with anterior articular disc dislocation and effusion, 6
had only anterior articular disc dislocation, 3 had only effusion,
and the remaining 10 were negative for both TMDs. Based on the
physical exams performed prior to this study, 33.3% of women and
44.4% of men reported TM] pain (Table 1).

Two dentomacxillofacial radiologists evaluated the MRIs in the
open- and closed-mouth positions to describe disc morphology
and diagnose dislocation and/or effusion. The position of articu-
lar discs was defined based on previously established criteria using
parasagittal images (Lopes et al., 2012). Discs were considered nor-
mally positioned when, in a closed mouth, their posterior band
aligned with the superior part of the mandible head, an anterior
articular disc displacement was defined by the anterior positioning
of the posterior band of the disc in relation to the mandible head.
In MRIs of open mouths, the anterior dislocations were grouped as
“with reduction” - when the posterior band of the disc realigned
with the mandible head - or “without reduction” - when the disc
maintained an anterior position in relation to the articular tubercle
(Taskaya-Yilmaz et al., 2005). Articular effusion was identified as a
hyperintense signal in the superior and/or inferior articular spaces

ments during scanning; signs of previous patient trauma; signs of
other systemic conditions that might alter the TM]J and muscles of
mastication; presence of metallic prosthetics and accessories and
any history of TMJ-related therapy.

2.2. Image acquisition data

All patients were submitted to bilateral MRI of the TM] in Signa
1.5T equipment (GE Medical systems, Milwaukee, WI, USA) with
8.5cm surface coils. Initially, 24 axial T1-weighted slices were
acquired in spin echo (SE) sequence (repetition time TR = 1400 ms,
echo time TE=1.6ms, slice thickness ST=5.0mm field of vision
FOV of 18.0cm x 18.0cm, in a 256 x 256 matrix). Among these
slices, we selected the one allowing for better visualization of
the mandible along its long axis. Based on this slice, we then
established the orientation of the parasagittal planes. In this
study, specifically, we utilized parasagittal proton-density images
of the closed-mouth and open-mouth positions in SE sequence
(TR=1200ms, TE=13.7ms, ST=3.0mm, FOV=150cm x 150 mm,
image matrix=512 x 512, excitation number NEX=2, radiofre-
quency 4 and excitation angle of the radiofrequency pulse/flip
angle=20°). All parasagittal slices in the lateromedial direction
were analyzed. To evaluate pathological states, including effusion,
we utilized oblique sagittal T2-weighted images (TR=1500.0 ms,
TE=100.2ms, ST=3.0mm, FOV=15cmx 15cm, and 512 x 512
matrix) with central cuts in three stages (closed-mouth, half-open
mouth and open-mouth).

2.3. Image segmentation and volumetry

Selected MRI files were number-coded to protect patient
identities and converted from DICOM (Digital Imaging and Com-
munications in Medicine) to the ANALYZE format utilizing the
MRICro software (www.mricro.com). After format conversion,
the ITKSNAP® software (http://www.itksnap.org/download/snap/)
was utilized to segment the entire right and left lateral pterygoid

Fig. 1. Articular disc morphology in the closed-mouth position: (a) normal and (b) altered. Long arrow: articular disc; short arrow: condyle.
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Fig. 2. Three-dimensional images of the lateral pterygoid muscle, obtained after segmentation: (a) total muscle and (b) upper head in red and lower head in green. (For

interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Insertion type [: the upper head is subdivided into two components, one inserted in the articular disc and the other in the head of the mandible (open-mouth position):

(a) lateral image, (b) central image and (c) medial image.

muscles, as well as their upper and lower heads (Fig. 2) (Yushkevich
et al.,, 2006). This software allows for an active contour of anatom-
ical structures and for the segmentation of regions delineated by
the examiner (Costa et al., 2008b; Yushkevich et al., 2006). The
process of segmentation correlates image points (voxels) to spe-
cific anatomical structures. In the current study, we selected the
three consecutive slices with the most detail and sharpness for each
TM] (Fujita et al., 2001). Selected images had a 512 x 512 matrix
with pixels and voxels measuring 0.29mm (height) x 0.29 mm
(width) x 3.00 mm (depth). The software generates volumetric data
after 3D image reconstruction.

The closed- and open-mouth images were randomized, seg-
mented and 3D reconstructed in a Sony Vaio i7® S 13” SVS notebook

-
(a)

(Sony Corporation, China). The examiner could manipulate bright-
ness, contrast and zoom utilizing the software tools to improve
diagnosis. Fifteen days after the first stage of evaluation, the exam-
iner repeated the procedure for 14 randomly selected patients,
utilizing closed- and open-mouth images.

In addition to volumetric data, the examiner also registered the
insertion pattern of the upper head of the LPM, using closed- and
open-mouth images (Dergin et al., 2012; Imanimoghaddam et al.,
2013; Mazza et al., 2009). Three insertion types were defined: type
I (Fig. 3) - the upper head is subdivided into two components, one
inserted in the articular disc and the other in the mandible head;
type Il (Fig. 4) - there is no subdivision of the upper head, but the
muscle is inserted in both the articular disc and the mandible head;

Fig. 4. Insertion type II: the upper head of the muscle has no subdivisions, but it is still inserted in both the articular disc and the head of the mandible (closed-mouth
position): (a) lateral image, (b) central image and (c) medial image.
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Fig. 5. Insertion type III: the upper head of the muscle has no subdividions and is only connected to the articular disc (closed-mouth position): (a) lateral image, (b) central

image and (c) medial image.

and type I, the muscle upper head, with no subdivisions, is inserted
in the articular disc (Fig. 5). Three-dimensional images of all three
different patterns were acquired as well (Fig. 6).

2.4. Statistical analyses

The reproducibility of volume estimates for the lateral ptery-
goid muscle was assessed through Lin’s concordance correlation
coefficient and Spearman’s correlation. Comparisons of volumetric
data from closed- and open-mouth images were performed using
averages and the likelihood-ratio test. Co-variance effects such as
side (right and left), gender, age group, type of insertion of the
muscle upper head, articular disc morphology, presence/absence of
effusion, and position of the articular disc (normal/anterior disloca-
tion with or without reduction) were analyzed by linear regression

(x=5%). Analyses were performed utilizing the R software, version
3.0.2 (The R Foundation for Statistical Computing, Vienna, Austria).

3. Results

The most prevalent type of insertion was characterized by a
single upper head of the LPM adhering both to the disc and the
mandible head (type II), accounting for 50% of insertions on the
right side and 75% on the left. Most patients presented some mor-
phological alteration to the right (54.2%) and left (70.8%) articular
discs. The effusion signal varied between 20.8% and 29.2%. The fre-
quency of images compatible with disc dislocation, with or without
reduction, was lower than 40% (Table 2).

Measurements were highly consistent and reproducible, as
shown in Table 3: Spearman’s coefficients ranged between 0.857

Fig. 6. Three-dimensional images of different insertion types of the upper head of the lateral pterygoid muscle: (a) insertion type I, (b) insertion type Il and (c) insertion
type III. The upper head (red), articular disc (yellow) and condyle (blue). (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of this article.)
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Table 2

Distribution of the sample according to type of insertion of the lateral ptery-
goid upper head, articular disc morphology, effusion signal, and articular disc
displacement.

Characteristic Side

Right Left

n % n %
Insertion type
1 1 4.2 3 12.5
1 12 50.0 18 75.0
1 11 45.8 3 12.5
Disc morphology
Normal 11 45.8 7 292
Altered 13 542 17 70.8
Effusion
Absent 17 70.8 19 79.2
Present 7 29.2 5 208
Disc displacement
Absent 15 62.5 16 66.7
Without reduction 7 29.2 7 29.2
With reduction 2 8.3 1 4.2
Total 24 100.0 24 100.0

and 0.998, p<0.0001, and Lin’s concordance correlation coefficient
(CCC) for the two measurements ranged between 0.898 and 0.999.

As evidenced by the standard deviation values shown in Table 4,
muscle volumes varied considerably from the average, suggesting
that median values may provide a more solid basis for analysis.
Thus, the median volumes of the upper heads of the muscle on
both sides and both mouth positions were lower than those from
the lower head of the muscle. Additionally, muscle volumes were
lower in the open-mouth compared to the closed-mouth position.

Table 5
Likelihood ratio test for comparisons between average muscle volumes in the open-
and closed-mouth positions.

Differences between averages for the p-value
open- and closed-mouth positions
Total 622.0 0.0004
Upper head 109.5 0.5090
Lower head 501.5 0.0015

The likelihood ratio test validated this observation for total muscle
volume and for the lower head of the muscle (Table 5).

To evaluate potential effects of side, gender, age group, type of
insertion, disc morphology, effusion signal, and anterior displace-
ment, we employed mixed models of linear regression, controlling
for the variability of repeated measures on the right and left sides.
According to the Shapiro-Wilks test, the residuals departed from
normality (p >0.05).

Type of insertion had a significant effect on total muscle vol-
ume in the closed-mouth position (Table 6). If we take the type II
insertion as a reference for comparison, patients with type Ill inser-
tion had significantly larger muscle volume (p =0.0020). Similarly,
patients with type Il insertions had larger volumes than those with
type I (p=0.0338).

When assessing muscle volume in the open-mouth position, we
detected an effect of gender (Table 7). Total muscle volume was sig-
nificantly larger in male compared to female patients (p=0.0272).

Table 8 shows that, in the closed-mouth position, the volume
of the upper head of the lateral pterygoid muscle was significantly
larger among male patients (p=0.0002).

Three co-variables significantly affected the volume of the upper
head of the lateral pterygoid in the open-mouth position: gender,
insertion type, and anterior articular disc displacement (Table 9). In

Table 3
Analysis of correlation and reproducibility.
Muscle/mouth position Measure Average (mm?) SD Spearman’s correlation Lin’s
ccc CI95%
1 4649.2 1325.6
Total/closed 9 46415 13138 0.9984 0.9994 0.9987 0.9997
1 5188.8 4394.1
Total/opened 2 51152 4456.9 0.9850 0.9993 0.9986 0.9997
1 1598.7 431.1
Upper/closed 2 1582.4 4438 0.9973 0.9973 0.9947 0.9987
1 2953.0 1070.4
Lower/closed 5 3015.7 1044.2 0.8571 0.8986 0.7938 0.9516
1 2053.1 1917.2
Upper/opened 5 2007.9 1913.7 0.9467 0.9983 0.9962 0.9992
1 3068.9 2530.1
Lower/opened 2 3039.7 2526.6 0.9836 0.9994 0.9987 0.9997
* p<0.0001 for all estimates.
Table 4
Total, upper head, and lower head volumes of pterygoid muscles.
Volumes in mm?
Mouth position Side Muscle part Min Max Med Avg SD
Upper 693.2 5121.7 1787.6 2021.7 962.4
Right Lower 1057.5 17,535.8 33404 3964.5 3156.6
losed Total 21875 23,030.7 5053.0 6160.5 3984.3
Close Upper 558.6 3315.0 1809.4 1844.4 634.2
Left Lower 1027.9 5605.1 3061.3 3140.2 1165.0
Total 1663.8 7593.0 4938.6 4932.1 1604.6
Upper 745.6 6964.6 14353 1815.3 1211.0
Right Lower 719.5 10,024.7 2937.3 3164.5 1802.3
Opened Total 2003.1 17,215.0 4429.9 5081.8 2906.3
P Upper 818.2 11,221.2 1755.9 2546.4 2581.5
Left Lower 1492.0 15,051.7 2762.3 3580.3 2991.7
Total 2262.8 26,3359 4657.1 6230.9 5595.3
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Table 6
Linear regression analysis correlating patient variables and the volume of the lateral pterygoid muscle in the closed-mouth position.
Variable Category Total Volume
Simple linear mixed model Multiple linear mixed model
Avg SE p?-value Beta SE pP-value
Intercept - - - 4845.6 324.2 <0.0001
. Right 5276.7 341.1 0.0898
Side Left 4932.1 338.7
Female 4909.6 407.0 0.4105
Gender Male 54553 560.4
Age group <39 5423.3 413.7 0.1958
=40 4587.8 518.6
I 4898.9 497.9 0.0070 533 450.4 0.9060
Insertion type I 4845.6 3243 ¢
11 5873.1 392.2 1027.5 3329 0.0020
Normal 5283.3 4159 0.4670
Format Altered 4977.4 3701
. No 4916.4 3475 0.0998
Effusion Yes 5605.8 4486
Displacement No 5039.6 359.7 0.6827
Yes 5197.5 409.8

2 Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
¢ Reference category used for the comparisons.

the simple linear model, differences were not significant, although
they obtained a p-value that was close to 0.05. In the multiple linear
model, in fact, male patients displayed a significantly larger volume
of the upper head of the lateral pterygoid compared to females
(p=0.0288). Patients with type I insertion had significantly larger
volumes than type Ill insertion patients (p=0.0130), whereas there
was only a tendency for type Il insertion patients to have larger vol-
umes than type Ill insertion patients (p = 0.0684). Patients with any
degree of articular displacement had larger upper head volumes
than those without displacement (p=0.0358). This finding could
result from a confounding or associative effect of displacement-
gender, displacement-insertion and/or gender-insertion. However,
when we evaluated the joint effect of these three co-variables, all
of them displayed a significant effect.

Table 10 shows that the lower head muscle volume in the closed-
mouth position was significantly larger in patients with type III
insertion in comparison with type Il (p = 0.0033). In the open-mouth
position (Table 11), the lower head volume was larger on the right
side relative to the left (p=0.0412).

Table 7

4. Discussion

In previous studies, authors have diverged about the number
of insertion patterns of the upper head of the LPM. While some
authors (Omami and Lurie, 2012; Taskaya-Yilmaz et al., 2005)
report two types of insertion - a single insertion in the articular
disc, or simultaneous insertion in the disc and in the head of the
mandible - others claim there are three types of insertion (Dergin
et al, 2012; Imanimoghaddam et al., 2013; Mazza et al., 2009).
After detailed evaluation of the MRI files, we indeed find that three
types of insertion can be described for the upper head of the muscle
(Fig. 2) (Imanimoghaddam et al., 2013; Mazza et al., 2009). Based
on the interpretation of parasagittal MR images of the LPM in the
open- and closed-mouth positions, we observed that type II rep-
resented the most frequent insertions, whereas type I represented
the least frequent (Table 2). Other studies reported similarly higher
frequencies for type Il insertions (Dergin et al., 2012). Besides, some
authors (Imanimoghaddametal., 2013)reported the highest preva-
lence for type 1(63.8%) and the lowest for type Il (12.5%) insertions.

Linear regression analysis correlating patient variables and the volume of the lateral pterygoid muscle in the open-mouth position.

Variable Category Total volume
Simple linear mixed model Multiple linear mixed model
Avg SE p*-value Beta SE pP-value
Intercept - - - 4033.4 307.5 <0.0001
. Right 4530.3 2733 0.6984
Side Left 44914 2742
Female 4175.2 305.6 0.0500 ¢
Gender Male 52322 446.8 11735 5312 0.0272
Age group =39 4725.2 350.1 0.3222
=40 4203.7 4203
I 4502.8 346.5 0.9866
Insertion type Il 4502.7 280.4
1 4531.8 300.6
Normal 4558.8 309.3 0.7513
Format Altered 44822 285.8
. No 4523.8 2746 0.8110
Effusion Yes 44705 3206
Displacement No 4421.8 2739 0.1156 ¢
Yes 4724.6 300.1 3534 192.1 0.0659

2 Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.

¢ Reference category used for comparisons.
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Table 8

Linear regression analysis correlating patient variables and the volume of the upper head of the lateral pterygoid muscle in the closed-mouth position.

Variable Category Volume of the upper head of the lateral pterygoid muscle
Simple linear mixed model Multiple linear mixed model
Avg SE p-value Beta SE pP-value
Intercept - - - 1648.8 1309 <0.0001
. Right 2021.7 169.9 0.4233
Side Left 18444 169.9
Female 1648.8 1309 0.0005 N
Gender Male 2466.1 179.2 817.4 2219 0.0002
Age group =39 1877.5 166.0 0.5771
=40 20194 2071
1 21513 395.6 0.1563
Insertion type 1 1769.7 152.8
1 2268.8 2343
Normal 1919.3 203.6 0.9254
Format Altered 19419 1643
. No 1935.8 1493 0.9731
Effusion Yes 19253 247.0
Displacement No 2017.0 159.0 0.3633
Yes 1790.0 205.8

4 Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
¢ Reference category used for comparisons.

Despite studies reporting only two types of insertion (Omami and
Lurie, 2012; Taskaya-Yilmaz et al., 2005), in one of them (Omami
and Lurie, 2012), 62.5% of patients had the upper head of the muscle
connected to both the disc and the head of the mandible, cor-
roborating our findings. In the other study (Taskaya-Yilmaz et al.,
2005), the authors reported no type I insertions, possibly result-
ing from differences in methodology. These authors only evaluated
MR images in the closed-mouth position, meaning that they were
not able to visualize the entire upper head of the muscle, which
can only be seen with the contraction in the open-mouth position
(Mazza et al., 2009).

A clear association between type of insertion and anterior artic-
ular disc displacement has yet to be unveiled (Dergin et al., 2012;
Omami and Lurie, 2012; Taskaya-Yilmaz et al., 2005). However,
upper head insertion in the articular disc alone may render an
individual more susceptible to anterior articular disc displacement.
Thus, clearly defining insertion patterns has prognostic relevance
(Taskaya-Yilmazetal.,2005). The lateral pterygoid muscle has been

Table 9

implicated in anterior articular disc displacement and, as a conse-
quence, in TMD (Balcioglu et al., 2009; Barriere et al., 2009; Costa
etal., 2008a; D’Ippolito et al., 2010; Dergin et al., 2012; Omami and
Lurie, 2012; Taskaya-Yilmaz et al., 2005). Anterior displacement
represents the most frequent sign of TMD (Murray et al., 2007). In
cases of displacement with reduction, the upper head of the lat-
eral pterygoid muscle may be normal or hypertrophied (D’Ippolito
etal., 2010; Taskaya-Yilmaz et al., 2005). Moreover, in cases of dis-
placement with no reduction, the upper head may have undergone
atrophy (Taskaya-Yilmaz et al., 2005) [26].

Interestingly, muscle volume on both sides was statistically
smaller in the open-mouth compared to the closed-mouth position
(Table 4). This difference held true for both total muscle volume
and lower head (Table 5), reflecting the smaller contribution of the
upper head to the volume of the LPM. Presumably, volumetric alter-
ations in the different mouth positions result from the functions of
the pterygoid muscle heads. The lower head lowers and protrudes
the mandible, whereas the upper head raises the mandible and/or

Linear regression analysis correlating patient variables and the volume of the upper head of the lateral pterygoid muscle in the open-mouth position.

Variable Category Volume of the upper head of the lateral pterygoid muscle
Simple linear mixed model Multiple linear mixed model
Avg SE p*-value Beta SE p°-value
Intercept - - - 17741 353.6 <0.0001
. Right 1815.3 250.8 0.1214
Side Left 19916 2529
Female 1589.1 284.7 0.0661 ¢
Gender Male 2467.4 390.4 990.6 453.1 0.0288
Age group =39 1773.0 3271 0.5563
=40 2054.4 373.2
1 2266.9 329.0 0.0655 ¢
Insertion type Il 1962.5 2511 —273.8 257.9 0.2882
1 1655.9 276.9 —646.6 260.2 0.0130
Normal 1785.0 295.6 0.5463
Format Altered 19735 2738
. No 19315 247.7 0.4953
Effusion Yes 1762.6 3117
Displacement No 1783.6 2455 0.1199 ¢
Yes 21242 2781 428.8 204.3 0.0358

2 Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
¢ Reference category used for comparisons.
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Table 10

Linear regression analysis correlating patient variables and the volume of the lower head of the lateral pterygoid muscle in the closed-mouth position.

Variable Category Volume of the lower head of the lateral pterygoid muscle
Simple linear mixed model Multiple linear mixed model
Avg SE pi-value Beta SE pP-value
Intercept - - - 2935.6 210.7 <0.0001
. Right 3302.5 2441 0.4705
Side Left 31402 240.4
Female 3204.8 2703 0.9268
Gender Male 32415 3749
Age group <39 3450.8 268.6 0.1538
=40 2847.8 339.1
I 34153 472.8 0.0192 479.7 493.6 0.3311
Insertion type Il 2935.6 210.7 ¢
11 3951.1 3133 1015.5 345.0 0.0033
Normal 3197.4 308.1 0.9002
Format Altered 32316 259.4
. No 3076.9 241.2 0.1768
Effusion Yes 3606.5 355.3
Displ. No 3141.1 2549 0.5802
isplacement Yes 33453 309.8

2 Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
¢ Reference category used for comparisons.

stabilizes the TMJ [24]. One study (Goto et al., 2002) also observed
a significant reduction (—6.7%) in the volume of the LPM as the
mandible opened.

In general, type IIl insertions - upper head directly inserted
in the disc - were associated with larger muscle volumes
(Tables 6,7,8,10and 11). Areduction in muscle upper head volume
in the open-mouth position (Table 9) constitutes the sole exception
to this pattern, and may indicate a reduction in the function of this
component. Previous work supports the idea that type Ill insertions
are more frequently associated with disc displacement without
reduction, which would reduce muscle function and, consequently,
volume (Taskaya-Yilmaz et al., 2005). Type Ill insertions could cor-
relate with worse prognosis, because of a greater susceptibility to
displacement without reduction (Mazza et al., 2009). Nevertheless,
if we take into account the morpho-functional division of the lat-
eral pterygoid muscle in upper and lower heads (Omami and Lurie,
2012), we should not expect similar volumetric alterations for both
components, and the volume of the lower head should be larger.

Table 11

In this sense, and in agreement with our results, the lower head
contributes substantially to total lateral pterygoid volume, and has
fewer implications for TMD.

We evaluated this sign of effusion because it correlates well
with anterior articular disc displacement with and without reduc-
tion (Almasan et al., 2013) and also represents a biomarker for
TMD-associated cephalea (Costa et al., 2008a). Presumably, the
relatively low frequency of anterior displacements observed (17
joints; 35.4%) explains the low number of joints with effusion
(Table 2). Moreover, more than half of the joints displayed some
degree of alteration to articular disc morphology, 54.2% of the right
side joints and 70.8% of the left side joints. Thus, even though
more than 60% of joints had normally positioned discs, morpholog-
ical alterations occurred with relative high frequency and should
be considered clinically. Such alterations suggest the existence of
TM] pathologies and may progressively lead to anterior disc dis-
placement (Amaral Rde et al,, 2013; Fujita et al, 2001). In line
with our own work, a previous study found a high frequency of

Linear regression analysis correlating patient variables and the volume of the lower head of the lateral pterygoid muscle in the open-mouth position.

Variable Category Volume of the lower head of the lateral pterygoid muscle
Simple linear mixed model Multiple linear mixed model
Avg SE p*-value Beta SE pP-value
Intercept - - - 26125 236.96 <0.0001
. Right 2852.7 207.7 0.0490 ¢
Side Left 2653.3 208.6 -199.55 97.71 0.0412
Female 25203 2298 0.0638 ¢
Gender Male 3267.6 3356 754,87 411.64 0.0667
Age group =39 2889.7 262.6 0.4140
=40 2569.0 3149
I 2487.8 291.2 0.2175
Insertion type Il 27153 216.6
1 2914.4 239.4
Normal 2897.7 2513 0.3562
Format Altered 2670.1 2247
. No 2772.3 208.0 0.7881
Effusion Yes 27108 266.3
Displacement No 27315 208.4 0.6468
Yes 2822.6 2457

2 Refers to the likelihood ratio test of differences among averages.
b Refers to the t-test comparing the beta coefficient to zero.
¢ Reference category used for comparisons.
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biplanar alterations on the right (55%) and left (45%) sides in cases
of normal disc positioning (Amaral Rde et al., 2013). The mor-
phological differences between the biconcave normal disc and the
biplanar altered disc are subtle and may explain why disc position-
ing remains normal in spite of format changes (Amaral Rde et al.,
2013).

Linear regression analyses did not provide any evidence of
effects that effusion and altered disc format might have on mus-
cle volume (Tables 6-11). Previous work suggested that disc format
alterations might occur in the initial phases of functional changes to
the TM] (Taskaya-Yilmaz and Ogutcen-Toller, 2001). Instead, artic-
ular effusion is significantly associated with displacements with
or without reduction. One research (Almasan et al., 2013) have
suggested that disc displacement without reduction, as a chronic
alteration, could induce changes in the shape of the mandibular
head and in its association with the articular fossa, leading to the
accumulation of fluid (i.e., effusion).

Nevertheless, anterior articular disc displacement seems to
affect total and upper head muscle volume in the open-mouth posi-
tion (Tables 7 and 9). Upper head muscle volume in the open-mouth
position was significantly larger in joints with disc displacement
(p=0.0358). D'Ippolito et al. (2010) diagnosed disc displacement in
20.4% of their patients and, although they did not measure LPM,
suggested that TMD could cause changes in this muscle’s thick-
ness. According to these authors, the increased muscle thickness
could be associated with anterior disc displacement and articu-
lar hypermobility. It could be further inferred that the increase in
thickness should be associated with displacement with reduction,
because displacement without reduction has been associated with
muscle atrophy (Taskaya-Yilmaz et al., 2005). In a population of
46 patients ranging between 14 and 69 years of age, nine exhib-
ited muscle hypoplasia, atrophy and/or fatty substitution of the
LPM along with TMD (Schellhas, 1989). One patient with severe
TMD displayed atrophy of the entire set of muscles of mastication
(Schellhas, 1989).

Some authors performed visual qualitative analyses of the LPM
in patients with or without TMD (D’Ippolito et al., 2010). However,
no studies have attempted to use 3D images to quantify entire
muscle, lower and upper head volume and independently asso-
ciate these measurements with signs of TMD. Despite the division
of the lateral pterygoid into two components with distinct (albeit
reciprocal) functions, the existing literature does not treat these
components as separate muscles (Murray et al., 2007; Omami and
Lurie, 2012). According to some authors(Dergin et al., 2012), the
LPM functions as a single motor unit, in which the upper and
lower heads become active during mouth movements, with no
correlation according to insertion type, presence or absence of dis-
placement, disc or joint degeneration.

In the current study, gender affected muscle volume. In the
open-mouth position, male patients had significantly larger total
volumes (Table 7). Furthermore, the smaller upper head com-
ponent was significantly larger in male patients in both mouth
positions (Tables 8 and 9). This finding may reflect the general trend
of men having larger muscles than women (Benington et al., 1999).

Distinct hypotheses attempt to associate functional alterations
in the lateral pterygoid and TMD, including muscular hyperactivity,
hypoactivity and poor coordination between muscle components
that could lead to disc displacement (Costa et al., 2014; Hoglund
and Scott, 2012). Anterior articular disc displacement affects the
volume of the upper head of the lateral pterygoid (Table 9). The
indication for physiotherapy should take into account not only
TMD symptoms, but also the volumes of the muscles of mastication
(Hoglund and Scott, 2012).

In conclusion, the total and lower head muscle volumes on
both sides were significantly smaller in the open- compared to the
closed-mouth position. Gender affected muscle volume, especially

that of the upper head component. Furthermore, insertion type also
seems to affect volume.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.aanat.2016.05.
007.
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Abstract:

Purpose. The objective of this study was to evaluate the computational
reconstruction of the articular eminence of the temporomandibular joint (TMJ)
based on magnetic resonance imaging (MRI) and semiautomatic volumetric
segmentation techniques for morphological classification of the TMJ structure.
Materials and Methods. A total of 36 MRI scans of TMIJ individuals were
selected and formatted by using the ITK-SNAP software, consisting of MRI
segmentation and generation of 3D models. The TMJ articular eminences were
also classified according to the morphology analysis of the articular eminence in
3D reconstructions. Two independent trained and calibrated investigators
performed the image analysis, which was repeated after thirty days. Results.
There was no association between sex and eminence shape (p =0456) Fi h °
test revealed no statistically significant association between disc classification
and eminence shape on both sides (p = 0.629). Chi-square test showed a
significant statistically association between disc classification and disc
displacement (p = 0.000). Intra- and interrater correlation coefficients showed
excellent reproducibility values. Conclusions. Anatomical variability of the
sample investigated was found, with predominantly round shape and presence of
correlation between this shape and normal disc position. The correlation of
flattened and convex shapes with disc position reduction indicated that type of
disc derangement is more prevalent.
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Purpose. The objective of this study was to evaluate the computational reconstruction of the articular eminence of the
temporomandibular joint (TM]) based on magnetic resonance imaging (MRI) and semiautomatic volumetric segmentation
techniques for morphological classification of the TM] structure. Materials and Methods. A total of 36 MRI scans of TM] individuals
were selected and formatted by using the ITK-SNAP software, consisting of MRI segmentation and generation of 3D models. The
TM]J articular eminences were also classified according to the morphology analysis of the articular eminence in 3D reconstructions.
Two independent trained and calibrated investigators performed the image analysis, which was repeated after thirty days. Results.
There was no association between sex and eminence shape (p = 0.456). Fisher’s test revealed no statistically significant association
between disc classification and eminence shape on both sides (p = 0.629). Chi-square test showed a significant statistically
association between disc classification and disc displacement (p = 0.000). Intra- and interrater correlation coefficients showed
excellent reproducibility values. Conclusions. Anatomical variability of the sample investigated was found, with predominantly
round shape and presence of correlation between this shape and normal disc position. The correlation of flattened and convex

shapes with disc position reduction indicated that type of disc derangement is more prevalent.

1. Introduction

The temporomandibular joint (TMJ) has a disc located
between two bones composed of mandibular fossa and
articular eminences of the temporal bone and mandibular
condyle [1]. The complexity of TMJ, with anatomic and
biomechanical involvement, increases its susceptibility to
pathological changes [2].

The articular eminence has an important role in the
biomechanics of the TMJ [3-5], with some authors suggesting
that its morphology may be a factor in the etiology of
temporomandibular disorders (TMD). Also, the eminence
shape has an effect on determining whether a displaced disc is
reducible; it may be reducible when it returns spontaneously
to the glenoid cavity, or nonreducible when the disc remains
dislocated [3, 6-11].

The morphological evaluation of TM]J bony structures is
object of interest in the improvement of the image quality
in CT and especially MRI for a reliable diagnosis of TMD
[12]. The TMD diagnosis may pose a challenge to the
dentist/radiologist, especially when considering the size and
degree of involvement of the joint [13]. Moreover, there
are overlapping findings with other joint changes, especially
degenerative processes. Magnetic resonance imaging (MRI)
has been the preferred method to aid in the diagnosis of
various TM] pathologies [14-17]. This is due in part to
the wealth of details provided by MRI compared to other
imaging methods, including the fact that this technique is
not limited to produce images of cross-sections and there is
nonionizing radiation [18], as is the case with other modalities
such as CT [12]. However, the spatial resolution of MRI
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is not sufficient for accurate images of the entire TMJ due
to contrast variation, resulting in inconspicuous or invisible
images of the anatomy and thus leading to misdiagnosis [19],
mainly in the bone tissue [20, 21].

Three-dimensional (3D) reconstruction model based on
MRI can play an important role in the TMD diagnosis
[19, 21, 22] by revealing the morphological features of TM]
with simplicity, speed, accuracy, and limited user interaction
[23], thus being a powerful tool for characterizing different
patterns of TMJ pathologies [24].

The purpose of this article is to demonstrate the use of 3D
model to classify the morphology of the articular eminence
by correlating signs and symptoms of TMD to articular disc
displacement on MRI images.

2. Material and Methods

2.1. Image Data. This study has been conducted in accor-
dance with universally accepted rules and precepts for
research involving human subjects, being approved by the
local research ethics committee of the University of Sao Paulo
City.

From an initial sample of 60 individuals, we have selected
a set of images from 36 individuals (28 women, with mean age
of 37.79 + 15.68, and 8 men, with mean age of 37.63 + 1.42)
attending the Clinic Hospital of the University of Campinas
(UNICAMP). Images showing the region of interest not
clearly enough were discarded. The images were acquired on a
commercially available 2 Tesla scanner (Elcint Prestige, Haifa,
Israel) with bilateral surface coils of 40 mm in diameter dedi-
cated to TM] imaging, according to the following parameters:
T1-weighted sagittal images (TR = 650 msec, TE = 22 msec,
matrix = 316 x 240.160, flip angle, thickness of 1.5 mm, field of
view = 10 cm x 10 cm, NEX 1, voxel size 0.29 mm x 0.29 mm
x 0.3 mm voxel) were acquired at spin-echo sequence with
mouth closed.

2.2. MRI Segmentation and Generation of 3D Models.
The MRIcro software (http://www.mricro.com) was used
to convert the original Digital Imaging and Communica-
tion in Medicine (DICOM) format into ANALYZE for-
mat. After format conversion, the ITK-SNAP software [25]
(http://www.itksnap.org/download/snap) was used for seg-
mentation. This software can provide semiautomatic segmen-
tation using level set methods, as well as manual delineation
and image navigation [26, 27]. A 3D model of the target
structure was generated after segmentation, thus allowing us
to see the object from any view point by zooming, rotating,
and panning [27] (Figurel). The 3D-graphical model of
the right and left articular eminences was generated by
the software, in which the cortical bone was delineated
with semiautomatic discrimination of the structures to allow
for manual editing and slice-by-slice review in all three
planes.

Two independent trained researchers used semiauto-
matic segmentation to delineate the articular eminence edge
and to define image voxels and boundary [25]. The segmen-
tation resulted in a 3D model of the bone.

International Journal of Dentistry

=)

n | e | @) @

FIGURE 1: Software interface showing delimitation of the articular
eminence in the sagittal plane on MRI.

2.3. Morphological Assessment of the Joint. Each evaluator
performed the morphological analysis of the articular emi-
nence in the 3D reconstructions (Figure 2), classifying them
into four types according to criteria by Kurita et al. [10]:

(a) Box

(b) Sigmoid
(c) Flattened
(d) Deformed

In assessing 3D models, the evaluator could visualize the
articular eminence from any view point. The evaluation was
repeated by each examiner within an interval of 30 days.

2.4. Statistical Analysis. All the information obtained was
analysed by using the SAS 9.4 and Minitab 16 statistical
software, with concordance analysis being performed in two
moments for eminence classification. First, the agreement
between both evaluations of the eminence classifications was
analysed on the left side, and then the same analysis was
performed for evacuations on the right side. Repetition agree-
ment and inter- and intrarater reliability analysis were per-
formed by using Fleiss’ kappa, Cohen’s kappa, and Kendall’s
coefficients. All analyses were conducted at confidence level
of 95%.

3. Results

Table 1 shows that no significant statistical difference was
observed between age groups (p = 0.978), regardless of sex.
Our results showed that age was not a determining factor for
TM]J disc shape. For analysis of the eminence classification on
the left side, the results showed Fleiss’ kappa value = 0.79877,
Cohen’s kappa value = 0.79955, and Kendall’s coefficient value
= 0.793050. For evaluations on the right side, the results
showed Fleiss” kappa value = 0.88060, Cohen’s kappa value
= 0.88119, and Kendall’s coefficient value = 0.839011.
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FIGURE 2: 3D reconstruction of the articular eminence characterizing it as (a) box, (b) sigmoid, (c) flattened, and (d) deformed.

7 78%

Number of subjects
»

3 22%

Male
Female

FIGURE 3: Distribution of the sample according to sex.

Figure 3 shows that there was a significant difference
between sexes, since women corresponded to 78% of the
sample. Figure 4 shows the results of Fisher’s exact test
performed with Freeman-Halton extension. Our intention
was to verify whether sex has any association with the
articular eminence shape. The shapes observed on the left
and right sides of men and women were added. There was
no association between sex and eminence shape (p = 0.456).

Figures 5 and 6 show the results of Fisher’s exact test
performed with Freeman-Halton extension. There was no
statistically significant association between disc classification

Classification of articular eminence

450 - Q-
400 - - -
350 - - -
300 - - -
250 - | o
200--
150 - P
100-- 0B
50-- BB

Disks percentage (%)

Flattened Deformed Box Sigmoid

Female
Male

FIGURE 4: Distribution of the sample according to sex and articular
eminence morphology.

TaBLE 1: Analysis of the comparison between sexes.

Sex n Age (years) Groups” p value
Female 28 37.79 £15.68 A 0.978
Male 8 37.63 +£13.42 A

*Equal letters represent statistical similarity at the significance level of 5% by
Student’s ¢-test.

and eminence shape on the left side (p = 0.629) as well as on
the right side (p = 0.629).
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FIGURE 5: Association between the morphology of the left articular
eminence with the disk classification on the left side.

Classification of right disk joint
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Articular eminence classification on the right side

B Changed
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FIGURE 6: Association between the morphology of the articular
eminence and disk classification on the right side.

Figures 7 and 8 show the results of Chi-square test ( XZ)
in which a significant association was found between disc
classification and disc displacement classification on the right
side (p = 0.000) as well as on the left side (p = 0.000).

4. Discussion

It is important to correctly identify bone abnormalities in
the TMJ because there are anatomical variations depending
on both patient and influences of clinical factors. MRI is
a widely used tool for diagnosis of TMDs, but because of
the lack of contrast between different tissues, it may not
be precise enough for analysis of structures [19], especially
in bone tissues [20]. It has been reported that the three-
dimensional (3D) reconstruction model based on MRI can
play an important role in TMD diagnosis [19, 21, 22] by
revealing morphological features of TMJ [23], thus being a
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Classification of right disk joint
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FIGURE 7: Association between disk classification and disc classifi-
cation on the right side.

Classification of left disk joint

Disks percentage (%)

Normal With reduction ~ Without reduction
Type of disk displacement on the left side

= Changed
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FIGURE 8: Association between disc classification and classification
of disc displacement on the left side.

powerful tool for characterizing different patterns of TM]
pathologies [24]. Therefore, the present study aimed to
demonstrate the use of 3D model to classify the morphology
of the articular eminence by correlating signs and symptoms
of TMD to articular disc displacement on MRI images and
clarify whether 3D reconstruction can be used safely and
reliably.

Hirata et al. (2007) showed in their study that some
alterations in the morphology of both articular eminence
and disc may influence the occurrence of nonreducing disc
displacement on the affected side. Changes in occlusion
(i.e., missing teeth, orthognathic surgery, and orthodon-
tics), parafunctional habits, and positioning changes between
articular disc and mandibular condyle can contribute to the
remodeling of the joint structures in the TMJ [1, 6]. The
authors defined that the main mechanical factors causing
changes in the TMJ structure are occlusal therapy, parafunc-
tion, macrotrauma, and unstable occlusion. For the authors,
these factors can occur alone or interconnectedly. When two
or more than 11 factors are present, it is more likely that
morphological changes occur, or if the patient has limited
bone adaptation capacity, condylar changes will be more
pronounced. Based on our results, it can be observed that of
a total of 36 patients studied, 71.4% had articular eminence in

49



International Journal of Dentistry

the form of box, 50% had flattened articular eminence, 43.9%
had sigmoid articular eminence, and 25% had deformed
articular eminences, all presenting alterations in the shape of
the articular disc. Dental occlusion plays an important role as
a predisposing factor, since it changes the masticatory system
enough to increase the risk of developing TMJ dysfunction
[9]. Parafunctional habits and dental malocclusion induce the
production of microtraumas in TM] by causing degenerative
lesions in the condyle and articular disc, which in turn tend
to be thickened to compensate for the resulting damage
[71.

Our results have shown that no association was found
between gender and eminence shape based on the eminence
classification (p value = 0.456). According to Figure 4, it was
noticed that the shape variation happens in a similar way in
both genders, although alterations occurred more in women
than in men (as expected), a finding corroborated by Hirata
(2007) and Kurita (2000).

The results of intrarater variation with Cohen’s kappa
statistics suggest that reproducibility was very good, having
a high standard of agreement.

We agree that 3D models are valuable for improving the
visualization of anatomical structures [22, 25, 26]. The exper-
imental results revealed that 3D reconstruction approach can
generate an accurate 3D model and thus can assist the dental
radiologist in the diagnosis of articular eminence. Although
dental radiologists are trained to interpret MRI scans, they
often find difficulty to analyse them [24].

5. Conclusions

According to the methodology used, it can be concluded that
there is a relationship between the presence of changes in the
articular discs and shape of their articular eminence. Thus,
a higher incidence of deformations in articular eminences
was classified as being of box shape. We emphasize the
relevance of our findings and the importance of carrying out
complementary studies into this field so that our findings can
be replicated in larger samples.
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Abstract:

Objective. The aim of this study was to investigate the effect of enhancement
filters on magnetic resonance imaging (MRI) of the temporomandibular joint
(TMJ). Study Design. In total, 66 MRI scans of the TMJ were analyzed without
filtration and with the application of 2 filters: Sharpen 1 and Sharpen 2
(OnDemand software). Two dentomaxillofacial radiologists examined the
original and filtered images individually. Intra- and interobserver concordance
was measured by using generalized estimating equations. The observers
evaluated the subjective image quality and the visibility of 3 components of the
TMIJ: disk, condyle, and articular eminence. The images were ranked on a 4-
point scale, from poor to excellent. The image quality of all filtered images was
compared by using the X* test and Bonferroni correction for multiple
comparisons. Results. Intra and interobserver concordance was good. The
images filtered with Sharpen 1 and Sharpen 2 provided better definition of the
structures compared with nonfiltered images, providing the highest scores for
subjective image quality for all structures (p < .0001). Conclusions. The use of
enhancement filters led to improved subjective quality and may improve the
diagnostic efficacy of MRI in TMJ evaluation.
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Subjective analysis of the application of enhancement
filters on magnetic resonance imaging of the
temporomandibular joint
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Objective. The aim of this study was to investigate the effect of enhancement filters on magnetic resonance imaging (MRI) of the
temporomandibular joint (TM)).

Study Design. In total, 66 MRI scans of the TMJ were analyzed without filtration and with the application of 2 filters: Sharpen 1
and Sharpen 2 (OnDemand software). Two dentomaxillofacial radiologists examined the original and filtered images individually.
Intra- and interobserver concordance was measured by using generalized estimating equations. The observers evaluated the sub-
jective image quality and the visibility of 3 components of the TMJ: disk, condyle, and articular eminence. The images were
ranked on a 4-point scale, from poor to excellent. The image quality of all filtered images was compared by using the x* test and
Bonferroni correction for multiple comparisons.

Results. Intra- and interobserver concordance was good. The images filtered with Sharpen 1 and Sharpen 2 provided better defini-
tion of the structures compared with nonfiltered images, providing the highest scores for subjective image quality for all structures
(P < .0001).

Conclusions. The use of enhancement filters led to improved subjective quality and may improve the diagnostic efficacy of MRI in

TMJ evaluation. (Oral Surg Oral Med Oral Pathol Oral Radiol 2018;000:1—8)

Magnetic resonance imaging (MRI) is considered
the gold standard for evaluation of the temporomandib-
ular joint (TMJ), including normal bone and soft tis-
sues, as well as pathologic changes (i.e., bone marrow
edema, active synovitis, and disk displacement)."l
MRI allows for evaluation of the joint without the use
of ionizing radiation.

Anatomic structures on MRI scans show different
characteristics, depending on the type of tissue and
sequence used for image acquisition.' Sagittal oblique
proton-density or T1-weighted images are used to eval-
uate the normal morphology of the joint (soft tissue and
osseous components).z‘z The articular disk, cortical
bone of the condyle, articular eminence, and glenoid
fossa produce low signal intensity, whereas the bone
marrow of the condyle has high signal intensity.” ©

MRI may have certain limitations that often
adversely affect the performance of visual inspection
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during diagnosis, mainly with regard to spatial resolu-
tion. Another MRI characteristic of the TMJ making
analysis difficult is the weak contrast variation between
joint structures and their anatomic localization.” The
final result may be poor visualization of the anatomic
structures and inaccurate analysis.'

Image enhancement can facilitate better diagnostic
accuracy.®” Image enhancement comprises changes in
gray scale, contrast management, noise reduction, edge
crispening and sharpening, filtering, interpolation, and
magnification. '’

The use of digital filters'' for softening and process-
ing images can permit the enhancement of the original
images to increase the accuracy of visual analysis.
Some studies report an improvement in image quality
with the use of enhancement filters for assessing differ-
ent tissues in brain MRL'>'* To our knowledge, there
are no studies specifically investigating the subjective
quality of MRI for TMJ evaluation by using enhance-
ment filters.

The objective of this study was to assess the subjec-
tive quality of MRI for the TMJ disk, condyle, and

Statement of Clinical Relevance

Enhancement of the image quality is obtained by
implementing filtering tools. This is the first study
using enhancement filters on magnetic resonance
imaging of the temporomandibular joint to investi-
gate the subjective quality of the images.
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articular eminence by comparing nonfiltered images
and scans that were enhanced with 2 filtration algo-
rithms. The null hypothesis stated that there was no
significant difference in image quality between nonfil-
tered and filtered images of any of the 3 anatomic
structures.

MATERIALS AND METHODS

The images were originally acquired as part of a previ-
ous TMJ research project, and the present study was
conducted in accordance with universally accepted rules
and precepts for research involving human patients. It
was approved by the research ethics committee of the
University of Campinas (protocol No. 055/2005). All
patients signed an informed consent form in accordance
with the Declaration of Helsinki. Patients who had
undergone TMJ surgery or who had a history of sys-
temic inflammatory joint disease, facial growth disor-
ders, direct trauma, or fracture of facial bones were
excluded. Only patients with no signs or history of TMJ
dysfunction were included. Of these patients, only those
with images characterized by complete visualization of
the joint with excellent density and contrast were
included in the study. Patients with images having
impaired visualization of the TMJ, poor sharpness
resulting from patient movement during scanning, and
presence of metallic prosthetics and accessories were
excluded. In all, 33 patients (66 TMJs) were selected.

An MRI scanner operating at 1.5 T and using an
8.5-cm bilateral surface coil (Signa; GE Medical Sys-
tems, Milwaukee, WI) was used for acquisition of parasa-
gittal images in spin-echo and proton-density weighted
formats (repetition time = 51200.0 ms; echo time =513.7
ms; ST =53.0 mm,; field of view =515 x 06150 mm; and
matrix 512 x 512).

MRI scans were analyzed with imaging software
(OnDemand, CyberMed Inc., Seoul, Korea) in which
files in DICOM (Digital Imaging and Communications
in Medicine) format were imported and processed. A
dentomaxillofacial radiologist assessed the sagittal sli-
ces, selected the most illustrative slice for each of the
66 TMJs, and used the X-Report tool for
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manufacturing templates in PDF (portable document
format) for the sagittal sections of each joint. Versions
without filter application (WF), which served as the
control images, and with application of Sharpen-1 (F1)
and Sharpen-2 (F2) filters were created (Figure 1). The
filters accentuate the transitions in density levels, mak-
ing boundaries more evident between the different
structures. Sharpen-1 enhances images at a mild level
and Sharpen-2 enhances images at a high level.

In total, 198 templates were obtained. The templates
were then randomized and assigned a number. Each
template was assessed separately on a blinded basis by
2 other dentomaxillofacial radiologists (observers 1
and 2),'>'® each with 15 years’ experience in MRI of
the TMIJ. Before the examination sessions, the observ-
ers were given verbal and practical instructions and
were told not to make any adjustment of brightness and
contrast. All the evaluations were performed on a 15.6-
inch LCD monitor with resolution of 1920 x 1080 pix-
els (ASUS G51 Jx, ASUSTek Computer Inc. Taipei
City, Taiwan).

The observers independently scored the quality of
each image, depending on contrast, density, and sharp-
ness for visualization of each structure individually (i.
e., disk, condyle, and articular eminence) and accord-
ing to the following scale parameters adapted from
Verner et al.'”:

1. Bad (relevant anatomy of structure is not visible)

2. Poor (<50% of relevant anatomy of structure is vis-
ible)

3. Good (>50% of relevant anatomy of structure is
visible)

4. Excellent (relevant anatomy of structure is well
visualized)

To learn how to score the images, the investigators
were shown a sample set of TMJ scans (not from the
study sample) before they started the scoring process.

After a 15-day interval, all the measurements were
repeated for analysis of intraobserver agreement.

Fig. 1. Parasagittal magnetic resonance imaging (MRI) of the temporomandibular joint (TMJ) in a proton density-weighted
image. (A) Image without filter. (B) Image with application of filter 1. (C) Image with application of filter 2.
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Statistical analysis Pg, > 0.2038). For the right and left articular eminen-
Exploratory data analysis was performed by using ces, there were no significant intraobserver differences
frequency, percentages, and graphs. To determine intra- (Pwr > 0.3191; Pg; > 0.5603; P, > 0. 2659) or inter-
and interobserver concordance, the results were ana- observer differences (Pwg > 0.3191; Pg; > 0.0588;
lyzed with generalized estimating equations (GEEs). Py > 0.1650).
The nonfiltered and filtered images were compared by Tables II and IIT show the distribution of the scores
using the x? test with Bonferroni correction for multiple and summary statistics for the qualitative results. The
comparisons. The significance level was established frequency of scores for filtered images was found to be
at 5%. significantly different (P < .0001) compared with non-
filtered images of all structures. Filtered images F1 and
RESULTS F2 were not significantly different from each other,

and both were more highly rated than the nonfiltered
images of the condyle and articular eminence on the
right side and of the disk and articular eminence on the
left side. For the right disk and left condyle, F2-filtered
images were rated significantly higher compared with
Fl1-filtered ones, and both were better than nonfiltered
images. Figures 2 through 7 show the parameters of
image quality rated with or without the use of filter
application for each structure.

Table I shows the results of intra- and interobserver
assessments. There was good intra- and interobserver
concordance for all anatomic structures, as depicted on
the control (without filtration) images and both sets of
filtered images, according to the GEEs. For the disks
on both the right and left sides, there were no signifi-
cant intraobserver differences (Pwr > 0.3075;
Pg; > 0.3075; Pg, > 0.3173) or interobserver differen-
ces (Pwr > 0.0950; Pg;> 0.3075; Pg, > 0.3173). With
regard to both the right and left condyles, there were

no significant differences in the intraobserver assess- DISCUSSION
ments (Pwg > 0.1616; Pg; > 0.2214; Pg> > 0.2038) or MRI plays a central role in the diagnosis and treatment
between the observers (Pwr > 0.2973; Pg; > 0.0943; planning of the TMIJ, including follow-up of

Table 1. Distribution of the scores and 2 assessments for anatomic structures by the observers and P value of the
generalized estimating equations (GEEs)

Observer/Assessment WF F1 F2 P, P,
Structures 1 2 3 2 3 4 1 3 4
Right disk Obs1 Assessment 1 9 23 1 0 0O O 8 25 0 0 0 33 Pwr=.2695 Pywr=.4230
Obs1 Assessment 2 8§ 25 0 0O O O 9 24 0 O O 33 Pr=.3075 Pr, =.3075
Obs 2 Assessment 1 9 23 1 0 0 O 8 25 0 0 0 33 Prp=10000 Pr=1.0000
Obs 2 Assessment 2 3 227 3 0 0 O 8 25 0 O O 33
Right condyle Obsl Assessment | 2 26 5 0 0 0 2 31 0 0 2 31 Pwr=.1616 Pwg=.2973
Obsl1 Assessment 2 4 24 5 0 0 O 3 30 0 0 1 32 Pg=.2214 Pg =.0943
Obs2 Assessmentl 2 25 6 0O O O 2 31 0 O 1 32 Pp=.2038 Pp, =.2038
Obs 2 Assessment 2 2 2 6 0 0O O O 3 0 0 0 33
Right articular eminence Obs1 Assessment 1 2 28 3 0 O O 4 29 0 0 2 31 pWF=1.000 pWF=1.000
Obsl Assessment 2 2 28 3 0 0 0O 4 29 0 0 2 31 pp=10000 pg =1.0000
Obs2 Assessmentl 2 28 3 0 O O 5 28 0 O 1 32 Pp=.2659 Pp, =.1650
Obs 2 Assessment 2 2 28 3 0 O O 5 28 0 O O 33
Left disk Obs1 Assessment 1 9 23 1 0 0 O 8 25 0 0 0 33 Pwp=.3075 Pwr=.0950
Obs1 Assessment 2 8 25 0 0 O O 9 24 0 O O 33 Pg=10000 Pg =1.0000
Obs 2 Assessment 1 9 23 1 0 O O 8 25 0 O O 33 Pp,=.3173 Pg,=.3173
Obs 2 Assessment 2 3 27 3 0 0 O 8 25 0O O O 33
Left condyle Obs1 Assessment 1 3 30 0 0 0 0 7 26 0 0 0 33 Pwp=.9448 Pywp=.9448
Obs1 Assessment 2 4 281 0 0 O 7 26 0 0 0 33 Pr=10000 Pr=04142
Obs 2 Assessment 1 3 3 0 0 0 0 8 25 0 0 0 33 Pp=10000 Pr=1.0000
Obs2 Assessment2 3 30 0O O O O 8 25 0 0 0 33
Left articular eminence Obs1 Assessment 1 327 3 0 0 0 6 27 0 O 0 33 Py=.3191 Pwp=.3191
Obs1 Assessment 2 3 28 2 0 O O 7 26 0 0 0 33 Pp=.5603 Pr; =.0588
Obs 2 Assessment 1 3 27 3 0 0 0 4 29 0 0 0 33 Pp=10000 Pgr=1.0000
Obs2 Assessment2 3 27 3 0 0 0 4 29 0 0 0 33

1 =Bad; 2 = Poor; 3 = Good; 4 = Excellent.

P, = P value of GEEs comparing the intrarater assessment in each image.
P, = P value of GEEs comparing the interrater assessment in each image.
F1I, Sharpen-1 filter; F2, Sharpen-2 filter; Obs, observer; WF, without filter.
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Table Il. Scores for image quality for the anatomic structures (right side)
Score Disk Condyle Articular eminence

WF Fl F2 WF Fl F2 WF Fl F2
Bad 9 0 0 2 0 0 2 0 0
Poor 23 0 0 26 0 0 28 0 0
Good 1 8 0 5 2 1 3 4 2
Excellent 0 25 33 0 31 32 0 29 31
P value <.0001 (F2 > F1 > WF) <.0001 (F2=F1 > WF) <.0001 (F2=F1 > WF)
F1, Sharpen-1 filter; F2, Sharpen-2 filter; WF, without filter.
Table I1I. Scores for image quality for the anatomic structures (left side)
Score Disk Condyle Articular eminence

WF F1 F2 WF F1 F2 WF FI F2
Bad 6 0 0 3 0 0 3 0 0
Poor 24 0 0 30 0 0 27 0 0
Good 3 6 1 0 8 0 3 4 0
Excellent 0 27 32 0 25 33 0 29 33
P-value <.0001 (F2=F1 > WF) <.0001 (F2 > F1 > WF) <.0001 (F2=F1 > WF)

F1, Sharpen-1 filter; F2, Sharpen-2 filter; WF, without filter.

patients.*® However, the main problem regarding MRI
visualization is the limitation in terms of spatial resolu-
tion and contrast, which can make it difficult to view
the anatomic structures of the joint."’

As visualization of TMJ images can be crucial for the
work of health care professionals, it is important that
dentomaxillofacial radiologists help them interpret the
examination findings correctly. MRI is more complex
than CT, and this may not be easily obvious to an
untrained clinician." A study indicated that even among
dentomaxillofacial radiologists, there was no reproduc-
ibility in the interpretation of such images.'’ Although

1009 30
80%
60 69.7 75.8
40
20
27.3 24.2
0%
WITHOUT F1
FILTER

dentomaxillofacial radiologists are trained to interpret
MRI scans, they sometimes encounter difficulty in ana-
lyzing them.'® This difficulty can lead to inaccuracy and
controversial diagnoses because of intra- and interob-
server variability.'’

A number of image processing techniques can be
used to improve the visualization of structures in MRI
examinations.'”?" Image enhancement consists of
manipulation of the gray scale and contrast, noise
reduction, edge trimming, sharpness, and filtration.'>
These processing algorithms may improve diagnostic
accuracy.

W Excellent
Good
Poor

W Bad

F2

Fig. 2. Frequencies of assessments for the images without filter, with F1 (Sharpen-1 filter), and with F2 (Sharpen-2 filter) for the

disk on the right side.
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W Excellent
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W Bad

F2

Fig. 3. Frequencies of assessments for the images without filter, with F1 (Sharpen-1 filter), and with F2 (Sharpen-2 filter) for the

condyle on the right side.

Verner et al.'” demonstrated that the application of
filters for the evaluation of cone beam computed
tomography (CBCT) scans of TMJ bone structures
could be very helpful in diagnosing alterations in the
cortical bones of the condyle and articular eminence.
The use of F1 and F2 filters provided excellent quality
images compared with other filters used elsewhere. In
the study by Verner et al., the filters were applied to
CBCT images, whereas in our study, the filters were
applied to MRI scans, but addition of filters resulted in
good visualization with both imaging systems.

Enhancement filters have been extensively used in
many applications of image processing, when the sub-
jective quality of dental images is important for visual

100%
91
807
60%
87.9
84.9
40%
209
121
-
WITHOUT F1

FILTER

analysis.*'>"%?1=2* A search for English-language

reports on the PubMed and Medline databases did not
reveal any work using this type of digital tool in MRI
scans of the TMJ.

Because of the paucity of studies on the applica-
tion of filters to MRI of the TMJ, we relied on medi-
cal evidence for the use of filters in brain MRI for
comparison with our study findings. Jain et al.'*
applied pre- and postprocessing image filters to MRI
for diagnosis of brain tumors. The use of these 2
types of filters improved image visualization for
diagnosis of tumors, and the filters were shown to be
important procedures for further treatment planning
and surgical procedures.

W Excellent
93.9 Good

Poor

W Bad

6.1
F2

Fig. 4. Frequencies of assessments for the images without filter, with F1 (Sharpen-1 filter), and with F2 (Sharpen-2 filter) for the

articular eminence on the right side.
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Fig. 5. Frequencies of assessments for the images without filter, with F1 (Sharpen-1 filter), and with F2 (Sharpen-2 filter) for the

disk on the left side.

Jha et al.”* discussed the need to use filters in MRI
for diagnosis of pathologic brain changes early in treat-
ment. They used a new filtration technique (Weiner fil-
ter) in which the interpretation of filtered images was
accurate and highly effective, showing that this filter
was helpful in detecting pathologic changes in the
brain.

In the analysis of image quality ratings by 2 evalua-
tors, we found that filtered images were more favorably
rated than the corresponding control images. In our
study, the application of Sharpen-1 and Sharpen-2
filters (F1 and F2) showed better visualization of dif-
ferent anatomic structures of the TMJ compared with

100%

80%
60" 75.8

90.9
a0

209
242

§
WITHOUT F1

FILTER

nonfiltered images, with Sharpen-2 filters being
slightly better than Sharpen-1 filters. Therefore, the
removal of noise and blurring concomitantly allows for
significant optimization of the image examination.

The capability to visualize structural details with any
imaging method depends on the signal-to-noise ratio,
contrast, and spatial resolution, which determine the
limits of perceptibility of an image.”* The low varia-
tion in evaluation between the 2 filters suggests that
the use of a digital tool can increase the contrast of
regions that could have been overlooked on the initial
images,”® including enhancement or detection of
edges'* and delineation of anatomic structures.

W Excellent
Good
Poor

W Bad

F2

Fig. 6. Frequencies of assessments for the images without filter, with F1 (Sharpen-1 filter), and with F2 (Sharpen-2 filter) for the

condyle on the left side.
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Fig. 7. Frequencies of assessments for the images without filter, with F1 (Sharpen-1 filter), and with F2 (Sharpen-2 filter) for the

articular eminence on the left side.

Imaging hardware and software improvements, rater
calibration software, and quantification techniques
were found to reduce interobserver variability.> In our
study, the inter- and intraobserver concordance was
significantly higher for filtered images compared with
nonfiltered ones. This indicates that the observers had
excellent calibration and that the filtered images were
visually superior, improving visualization of the 3
structures examined.

Our findings are in accordance with the results
reported by earlier studies'**'**?® and add informa-
tion on the diagnostic performance of enhancement fil-
ters for improving interpretation of digital images.

However, the present study has some limitations.
The sample size was small. In addition, all of the study
patients had no manifestations of TMJ disease, and no
comparison with diseased joints was made.

Another limitation of the present work is that only 1
sagittal slice of each image volume was used in the
analysis. Further studies using 3-dimensional volumet-
ric rendering are needed to thoroughly assess the TMJ.
We anticipate that the results of the present study will
be very useful in motivating other researchers to con-
duct similar analyses.

The filtering techniques used in our study successfully
eliminated the undesirable noise and enhanced the qual-
ity of the MRI scans. Our results suggest that the appli-
cation of filters might improve the efficacy of the
interpretation of TMJ structures with MRIL.

CONCLUSIONS

MRI images of the TMJ filtered with Sharpen 1 and
Sharpen 2 filters provided better definition of the disk,
condyle, and articular eminence compared with

nonfiltered images, ensuring quality and effectiveness
in the interpretation of MRI scans. Thus, enhancement
techniques can potentially improve the diagnostic
accuracy of MRI of the TMJ.

REFERENCES

. Costa AL, Yasuda CL, Appenzeller S, Lopes SL, Cendes F.
Comparison of conventional MRI and 3-D reconstruction model
for evaluation of temporomandibular joint. Surg Radiol Anat.
2008;30:663-667.

. Alomar X, Medrano J, Cabratosa J, et al. Anatomy of the tempo-
romandibular joint. Semin Ultrasound CT MR. 2007;28:170-183.

. Tomas X, Pomes J, Berenguer J, et al. MR imaging of temporo-
mandibular joint dysfunction: a pictorial review. Radiographics.
2006:26:765-781.

. Bag AK, Gaddikeri S, Singhal A, et al. Imaging of the temporo-
mandibular joint: an update. World J Radiol. 2014;6:567-582.

. Molinari F, Manicone PF, Raffaelli L, Raffaelli R, Pirronti T,
Bonomo L. Temporomandibular joint soft-tissue pathology, I:
disc abnormalities. Semin Ultrasound CT MR. 2007;28:192-204.

. Larheim TA. Role of magnetic resonance imaging in the clinical
diagnosis of the temporomandibular joint. Cells Tissues Organs.
2005;180:6-21.

7. Hayakawa Y, Kober C, Otonari-Yamamoto M, Otonari T,
Wakoh M, Sano T. An approach for three-dimensional visualiza-
tion using high-resolution MRI of the temporomandibular joint.
Dentomaxillofac Radiol. 2007;36:341-347.

. Wenzel A, Haiter-Neto F, Frydenberg M, Kirkevang LL. Vari-
able-resolution cone-beam computerized tomography with
enhancement filtration compared with intraoral photostimulable
phosphor radiography in detection of transverse root fractures in
an in vitro model. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2009;108:939-945.

. de Azevedo Vaz SL, Vasconcelos TV, Neves FS, de Freitas DQ,
Haiter-Neto F. Influence of cone-beam computed tomography
enhancement filters on diagnosis of simulated external root
resorption. J Endod. 2012;38:305-308.

10. Gandhi KR, Karnan M. Mammogram image enhancement and

segmentation. In: Institute of Electrical and Electronic

N

w

IS

w

=

o

o

59



ARTICLE IN PRESS

ORAL AND MAXILLOFACIAL RADIOLOGY

0000

8 Montesinos et al.

—
—

Engineers, ed. Proceedings of the Computational Intelligence
and Computing Research (ICCIC) Conference, Dec 28-29, 2010,
1IEEE, Coimbatore, India; 2010.

. Sagawa MMY, Hayakawa Y, Honda H. Comparison of two- and

three- dimensional filtering methods to improve image quality in
multiplanar reconstruction of cone-beam computed tomography.
Oral Radiol. 2009;25:154-158.

. George EB, Karnan M. MRI brain image enhancement using fil-

tering techniques. Int J Comput Sci Engineer Tech. 2012;3
(3):399-403.

. Jha D, Kim JI, Choi MR, Kwon GR. Pathologic brain detection

using Weiner filtering, 2-D-discrete wavelet transform, probabi-
listic PCA, and random subspace ensemble classifier. Comput
Intell Neurosci. 2017;2017:4205141.

. Jain NK, Karaulia DS. Pre-Processing and post-processing

enhancement of MRI image using filters. Int J Adv Res Comput
Sci. 2014;5:78-81.

. Verner FS, Visconti MAPG, Junqueira RB, Dias MI, Ferreira

LA, Devito KL. Performance of cone-beam computed tomogra-
phy filters for detection of temporomandibular joint osseous
changes. Oral Radiol. 2014;31:90-96.

. Cara AC, Gaia BF, Perrella A, Oliveira JX, Lopes PM, Cavalcanti

MG. Validity of single- and multislice CT for assessment of man-
dibular condyle lesions. Dentomaxillofac Radiol. 2007;36:24-27.

. Butzke KW, Batista Chaves KD, Dias da Silveira HE, Dias da

Silveira HL. Evaluation of the reproducibility in the interpreta-
tion of magnetic resonance images of the temporomandibular
joint. Dentomaxillofac Radiol. 2010;39:157-161.

. Nascimento Falcao I, Cal Alonso MBC, da Silva LH, Lopes S,

Comar LP, Costa ALF. 3-D morphology analysis of TMJ articu-
lar eminence in magnetic resonance imaging. Int J Dent.
2017;2017:5130241.

. Gotfredsen E, Wenzel A, Grondahl HG. Observers’ use of image

enhancement in assessing caries in radiographs taken by four intra-
oral digital systems. Dentomaxillofac Radiol. 1996;25:34-38.

20.

21.

22.

23.

24.

25.

26.

HHN 2018

Shrout MK, Russell CM, Potter BJ, Powell BJ, Hildebolt CF.
Digital enhancement of radiographs: can it improve caries diag-
nosis? J Am Dent Assoc. 1996;127:469-473.

Ferreira LM, Visconti MA, Nascimento HA, Dallemolle RR,
Ambrosano GM, Freitas DQ. Influence of CBCT enhancement
filters on diagnosis of vertical root fractures: a simulation study
in endodontically treated teeth with and without intracanal posts.
Dentomaxillofac Radiol. 2015;44:20140352.

Nascimento HA, Ramos AC, Neves FS, de-Azevedo-Vaz SL,
Freitas DQ. The “Sharpen” filter improves the radiographic detec-
tion of vertical root fractures. Int Endod J. 2015;48:428-434.
Belem MD, Ambrosano GM, Tabchoury CP, Ferreira-Santos RI,
Haiter-Neto F. Performance of digital radiography with enhance-
ment filters for the diagnosis of proximal caries. Braz Oral Res.
2013;27:245-251.

Yalcinkaya S, Kunzel A, Willers R, Thoms M, Becker J. Subjec-
tive image quality of digitally filtered radiographs acquired by
the Durr Vistascan system compared with conventional radio-
graphs. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2006;101:643-651.

Al-Saleh MA, Jaremko JL, Alsufyani N, Jibri Z, Lai H, Major
PW. Assessing the reliability of MRI-CBCT image registration
to visualize temporomandibular joints. Dentomaxillofac Radiol.
2015:44:20140244.

Botser IB, Herman A, Nathaniel R, Rappaport D, Chechik A. Dig-
ital image enhancement improves diagnosis of nondisplaced prox-
imal femur fractures. Clin Orthop Relat Res. 2009;467:246-253.

Reprint requests:

Andre L.F. Costa,

Department of Orthodontics and Radiology,
UNICID, Rua Cesario Galeno 448,

Bloco A. Tatuapé, Sao Paulo, SP, Brazil 03071-000.
Alfcosta@gmail.com

60



61

3.6. Artigo 6

Amorim MY, Alves MGO, Almeida JD, Montesinos GAP, Costa ALF, Lopes
SLPC. Inclination of the condylar long axis is not related to temporomandibular
disc displacement. J [Investig Clin Dent. 2019 Feb;10(1):¢12375. doi:
10.1111/jicd.12375. Epub 2018 Nov 26.

Este trabalho foi desenvolvido sob minha orientacdo a uma aluna de
graduacio em Odontologia, como Trabalho de Conclusao de Curso.

Abstract:

Aim: The aim of the present study was to correlate the angle formed by
inclination of the condylar long axis and median sagittal plane to the presence of
internal disc derangement, as well as changes in eccentric mandibular positions.
Methods: The sample consisted of magnetic resonance images of 35
temporomandibular joint (TMJ) acquired with a 1.5T magnetic resonance
imaging system with surface coils of 8.5 cm in diameter. Parasagittal images
were used according to the following parameters: TMJ disc position with mouth
closed, TMJ disc position with mouth open, TMJ disc function, and degrees of
rotation and translation of the condyle. Next, we determined the angles between
the condyle long axis and median sagittal plane by using axial images. Results:
The results showed correlations between TMJ disc position and disc function (p
= 0.009), as well as between disc position and degree of condylar rotation (p =
0.008). The main purpose of the present study was to assess the angle of the
condylar long axis, with no statistical correlation being found between this
variable and disc position (p = 0.787), disc function (p = 0.091), condylar
translation (p = 0.808), and condylar rotation (p = 0.115). Conclusion: There
was no relationship between inclination of the condyle long axis and parameters
of internal derangements.
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Abstract

Aim: The aim of the present study was to correlate the angle formed by inclination of
the condylar long axis and median sagittal plane to the presence of internal disc
derangement, as well as changes in eccentric mandibular positions.

Methods: The sample consisted of magnetic resonance images of 35
temporomandibular joint (TMJ) acquired with a 1.5T magnetic resonance imaging
system with surface coils of 8.5cm in diameter. Parasagittal images were used
according to the following parameters: TMJ disc position with mouth closed, TMJ
disc position with mouth open, TMJ disc function, and degrees of rotation and
translation of the condyle. Next, we determined the angles between the condyle long
axis and median sagittal plane by using axial images.

Results: The results showed correlations between TMJ disc position and disc function
(P =0.009), as well as between disc position and degree of condylar rotation (P = 0.008).
The main purpose of the present study was to assess the angle of the condylar long axis,
with no statistical correlation being found between this variable and disc position (P = 0.787),
disc function (P = 0.091), condylar translation (P = 0.808), and condylar rotation (P = 0.115).
Conclusion: There was no relationship between inclination of the condyle long axis

and parameters of internal derangements.

KEYWORDS
articular disc, condylar long axis, magnetic resonance imaging, median sagittal plane,

temporomandibular joint

articular surfaces of the temporal bone has the ability to reduce any
incongruence of the articular movements by increasing the area of

The human temporomandibular joint (TMJ) is a group of anatomical
structures that are together responsible for the movements of the
mandible, such as the chewing muscles. Among its components is
the condylar process, the surface of the TMJ, articular tubercle of the
temporal bone, articular disc, and intrinsic and extrinsic Iigaments.l'2
The movements of the TMJ on one side are directly related to those
on the other side; together they perform the mandibular movements
harmoniously.3 As articulated surfaces of the TMJ are highly incon-
gruent, they allow a large amount of movements involving a small set
of structures. In this case, the articular disc between the condyle and

the surfaces where the mandibular movements occur.**

During rotational movements of the condyle in the articular
eminence, the articular disc is slipped between the two struc-
tures. Although the degree of convergence between the condyle
and articular eminence varies from person to person, changes
occur within the pattern of normality.” The imaging methods for
anatomical evaluation of the TMJ are computed tomography and
magnetic resonance imaging (MRI), with the former being the most
commonly chosen for evaluating bone components, and the latter
being the gold standard method for assessing disc derangements,®

J Invest Clin Dent. 2019;10:e12375.
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as well as being used to study the condylar position and osseous
cha\nges.7'8

The condyle has a wide anatomical variation, usually assuming an
elliptical configuration, and therefore determining a long axis of two dis-
tinct poles: the medial and lateral poles. It has been observed that the
lateral pole positions anterior to the medial ones, which leads to an an-
gulation between the long axes of right and left condyles, vary between
140 and 160°°

There are a few studies on the role of the condyle angle in
relation to the various reference planesm’12 Therefore, the aim
of the present study was to correlate the horizontal inclination
of the condyle long axis to the presence of internal derange-

ment and degrees of condyle rotation and translation.

2 | MATERIAL AND METHODS

For the present study, we followed the universally-accepted
standards for research in humans. The study was approved by the
Institutional Review Board of Sdo Paulo State University, Sdo
José dos Campos, Sdo Paulo, Brazil (no. 54710616.6.0000.0077).
The sample consisted of MRI scans obtained from an imaging
database used in an earlier study. The participants eligible for
inclusion in the present study were those with no sign or his-
tory of temporomandibular disorders (TMD). Initially, 40 MRI
scans of the TMJ were acquired with a 1.5T MRI system (Signa;
GE Medical Systems, Milwaukee, WI, USA), with surface coils of
8.5 cm in diameter, for specific and individualized sequences for
the TMJ study. From this initial sample, 35 scans (70 TMJ im-
ages) were selected because of their excellent definition of the
TMJ structures. The final study sample had eight males and 27
females aged 18-75 years (mean age: 46.4 years).

Analysis was performed on parasagittal images (perpendicular to
the condyle long axis), all acquired with the mouth closed (maximum
habitual intercuspation) and open-mouth positions, T,-weighted
repetition time of 850 ms, echo time of 8.5 ms, section thickness
of 5 mm, field of view of 180 x 180 mm, matrix of 256 x 256, num-
ber of excitations = 2, echo train length of 180°, radiofrequency of
4 MHz, and flip angle of 20°.

2.1 | Magnetic resonance imaging assessment

All sagittal images were evaluated by two specialists in maxillofacial
radiology and experienced with interpreting MRI scans of the TMJ
during their daily clinical practice. Both assessed the images together
in order to establish clear definitions of the imaging characteristics.
All of the images were reviewed on a 19-inch LCD monitor in a
suitably darkened room. All parameters were analyzed by using
eFilm Workstation software version 3.2 (Merge Healthcare, Chicago,
IL, USA), except for the determination of angular measurements
between the condyle long axis and median sagittal plane, which were
performed by using a specific tool of the OnDemand 3D software
(Cybermed, Tustin, CA, USA).

2.2 | Diagnostic protocols

2.2.1 | Disc position analysis

The position of the disc was in the anteroposterior and
mediolateral positions and ranked as follows (Figure 1): normal,
where the posterior band of the disc was positioned at the highest
point of the condyle; and disc displacement, where the posterior
band of the disc was positioned anterior to the highest point of
condyle.13

2.2.2 | Disc function analysis

To study joint disc function, we analyzed the central parasagittal
images acquired at maximum mouth opening. In those cases in which
the disc had its intermediate portion interposed between the head
of the mandible and temporal bone, it was considered that there was
a functional reduction; otherwise no reduction (Figure 2).

FIGURE 1 Analysis of the disc position in T,-weighted
parasagittal images: (A) normal disc position (arrow); (B) disc
displacement (arrow)
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2.2.3 | Rotational degree analysis

The parasagittal images (mouth closed and maximum mouth
opening) were used to measure the rotational degree of the condyle.
When the highest point of the condyle, at maximum mouth opening,
was positioned in the middle portion of the disc, it was considered
normal rotation; when the highest point of the condyle, at maximum
mouth opening, was positioned in the anterior portion of the disc, it
was limited rotation (Figure 3).

2.2.4 | Translational degree analysis

In the present study, the central parasagittal images were considered
at the maximum mouth opening. The degree of normal translation
was considered when the condyle was lined up with the articular
eminence, whereas hypomobility was considered when the condyle
was below the lowest point of the articular eminence. In those cases
in which the condyle was anterior to the articular eminence, the
degree of translation indicated hypermobility (Figure 4).

FIGURE 2 Analysis of the joint disc function in T,-weighted
parasagittal images: (A) disc reduction (arrow); (B) no reduction disc
(arrow)
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2.2.5 | Determination of the angle between the
condyle long axis and median sagittal plane

This angle was determined by the condyle long axis and median
sagittal plane. The T ,-weighted images in axial sequences were
exported into DICOM (Digital Imaging and Communications in
Medicine) format for analysis with OnDemand 3D software, as the
angular measurement in degrees of angle could be performed.

In the axial window of the software, the axial section showed the
condyle with a larger long axis, indicative of the medial and lateral
poles. Next, the section was selected, the angle tool was chosen, and
an angle was traced with one side consisting of the long axis of the
condyle and the other consisting of the median sagittal plane, the
guiding line corresponding to it (Figure 5).

2.3 | Statistical analysis

The resulting values were tabulated and then used to measure
the angle of the condyle on the opposite side by using the same
methodology.

The correlations between the variables (i.e. disc position with
mouth closed, disc function with mouth open, degree of rotation and
translation of the condyle, and angle between the median sagittal
plane and condyle long axis) were explored by using the Spearman’s
correlation test at significance level of 5%.

3 | RESULTS

From the 70 TMJ, it was observed that the majority were at a normal
position (50 discs, 71.43%) and that total displacement was more
prevalent in cases of displaced discs (16 discs, 22.86%), with partial
lateral found in three (4.28%) partial medial displacement being the
least frequent, one disc (1.43%). It can be conclude that the total
number of displaced discs was 20 discs (28.57%).

The frequencies of disc functions (normal and abnormal) found
in the sample were assessed. The number of discs presenting normal
position at maximum oral opening was very high, 63 (90%) compared
to the seven that were not reduced (10%).

The frequency of degrees of condyle translation in the sample
was determined. The result was divided into normal and altered (hy-
pomobility and hypermobility). The highest frequency of abnormal
mobility (N =42, 60%) was observed in relation to normal cases
(N =28, 40%).

The frequency of normal rotation degree was higher (N = 56,
80%) compared to the altered ones (N = 14, 20%).

The correlations between the variables (i.e. disc position with
mouth closed, disc function with mouth open, degree of rotation and
translation of the condyle, and angle between the median sagittal
plane and condyle long axis) were explored by using the Spearman’s
correlation test. There was a correlation between disc position and
disc function, demonstrating that the disc displacements evaluated
in the present study were mostly not reduced (r = 0.314, P = 0.009).
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There was also a correlation between disc position and condyle ro-
tation, demonstrating that the disc displacements evaluated in the
present study were within the limits of rotation degree for the cor-
responding condyle (r = 0.316, P = 0.007). There was no statistical
significance between the condylar long axis angle and disc position,
disc function, and rotation and translation of the condyle (P > 0.05).

4 | DISCUSSION

All the results reported in the present study were obtained from
MRI, which is the gold standard method for evaluating the tissue
structures of the TMJ. 1 By analyzing the overall sample, we observed
that most of the individuals (71.43%) presented the joint disc in a
normal position, and that among those presenting disc displacement,
the most frequent one was total displacement (22.86%). In their
study, Tasaki et al determined the prevalence of disc displacements
in symptomatic and asymptomatic individuals with TMD.*® They
found that that patients presented disc displacement in 82% of
symptomatic cases, whereas only 30% were asymptomatic.

We did not have access to the patients’ clinical data in order to
establish the frequency of TMD in the present study, but if we con-
sider that the sample was randomly selected, it is plausible to say
that disc displacement was seen in only 22.86% of cases. It is im-
portant to emphasize that the presence of disc displacement is not a
decisive factor for painful TMD.¢

Our results are in line with those of Foucart etal, who stated
that the most common disc displacements were total and partial dis-
placements anterolaterally (displacement only in the lateral portion

of the disc), demonstrating that the greater prevalence of the latter

FIGURE 3 Analysis of the condyle
rotation degree in T,-weighted
parasagittal images. White spot indicates
the higher point of the condyle in

the closed-mouth and opened mouth
positions. (A) normal rotation in closed-
mouth position; (B) normal rotation with
maximum opening; (C) limited rotation in
closed-mouth position; (D) limited rotation
maximum opening

anteromedially would involve the insertion of the lateral pterygoid
muscle in the medial portion of the disc, thus acting as a reinforcement
to the medial ligament and consequently preventing its displacement.17

With regard to the function of the disc, that is, its image position
at maximum oral opening, we found that the majority of individuals
(90%) presented normally. Even in most cases of disc displacement,
the images were acquired with the mouth closed; an interposed posi-
tion between the head of the mandible and temporal bone. In addition,
it was noted that there was a relationship between the function and
position of the disc.

1,18 who

These results are in agreement with those of Milano et a
found that 62% of the discs were in the closed-mouth position and
assumed to be with normal open-mouth function.'® They also em-
phasized that reduction (normal function) occurred in most cases
in which the displacement was partial, which is in contrast to our
study, which showed a higher prevalence of total displacements.
However, the finding that total disc displacement was the most fre-
quent type in our sample was not corroborated by other studies.”?

I¥” affirmed that disc reduction occurs

The Kaplan and Assae
more easily in partial displacements because the portion of the disc
in the closed-mouth position induces the displaced disc to assume its
normal position, which does not occur in the open-mouth position.
According to the Kaplan and Assael®, in those cases of total dis-
placements, the condyle is positioned closer to the articular tuber-
cle, pressing the tissues of the posterior ligament, thereby reducing
the possibility of disc reduction.

By analyzing the degree of disc translation, it was observed that
the majority (60%) of cases presented the same alteration, that is,
hypomobility and hypermobility, with no relation between this vari-
able and others studied in our research.
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Isberg-Holm reported that patients with TMJ hypermobility have a
different composition of connective tissue, which causes generalized
joint lassitude, but not necessarily with painful symptc:matology.20
Therefore, the study of the degree of disc translation plays an import-
ant clinical role in determining its importance. In our study, we did not
take into account these clinical findings because our objective was to
try to verify whether the long axis inclination of the condyle could
be related to joint mobility, which was not observed. The degree of
rotation of the condyle in most of the cases (80%) was normal, and a
relationship between the mandible and disc position was also found.
During mouth opening, we observed rotation of the articular disc in
one direction and the condyle in the opposite direction, which allowed
the disc to assume the final position at an ideal maximum oral opening,
with its intermediate zone interposed between the condyle and artic-
ular tubercle. The perfect positioning of the disc in the closed-mouth

FIGURE 4 Analysis of the translational
degree in T,-weighted parasagittal
images. (A) normal; (B) hypomobility; (C)
hypermobility

FIGURE 5 T, -weighted axial

images showing the angle between the
condylar long axis and median sagittal.
(A) measurement of the right angle; (B)
measurement of the left angle; 1, condyle
axis; 2, sagittal reference line; 3, right
condyle

position plays a determining role for this rotation to occur favorably,
which explains the relationship between these variables.?!

With regard to the horizontal angle of the condylar long axis, the
presence of internal disturbances (e.g. disc displacement) altered the
disc function and changed the degrees of rotation and translation of
the condyle, but our results did not show a direct relationship be-
tween them. The literature on this topic is scarce, as only a few stud-
ies with a similar objective and methodology to ours were found.

Alomar et al stated that the condylar long axis is anterior to the
foramen magnum and that the angle between them ranges between
140 and 160°.2% In our study, we used an individualized angle formed
by the condyle long axis and the median sagittal plane in order to
correlate it with the corresponding findings of disc displacement.

In their study, Sulun et al assessed the influence of condyle mor-
phology and its horizontal angle on the presence of disc displacement
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in groups of symptomatic and asymptomatic patients.9 They found
that higher angular values were associated with the development
of internal TMJ disorders. In our study, however, we did not find a
relationship between this angle and the presence of signs of disc dis-
placements. It should be also emphasized that, in our study, we did
not analyze the symptoms of internal disorders.

In their study, Westesson et al measured the horizontal angles of
the mandible heads in groups with normal TMJ regarding disc displace-
ment, with and without reduction, including the presence of degen-
erative articular disease.?® They found higher angles and degrees of
alteration, that is, patients with degenerative diseases showed higher
values compared to other groups. Our objective was not to divide the
individuals into groups, but to study the relationship between angles
and different findings indicative of disorders. However, it was not pos-
sible to find a relationship between the studied parameters.

Rabelo et al reported that there was a strong association with
condyle excursion angle in disc reduction.’® However, our results did
not show a correlation between the inclination of the condylar long
axis and disc displacement.

A limitation of the present study was the relatively small sample,
which might reduce the statistical power and definitive conclusions.

With the methodology used in the present study, it can be con-
cluded that there was no relationship between the inclination of the
condylar long axis and parameters of internal disturbances.
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4 CONSIDERACOES FINAIS

A complexidade anatomo-funcional das articulagdes
temporomandibulares (ATM) e sua consequente suscetibilidade a alteragdes que
podem suscitar nas chamadas Desordens Temporomandibulares (DTM) tem sido
tema de diversos estudos que visam compreender o complexo mecanismo de sua
etiopatogenia, além de fatores predisponentes. Os principais meios de
investigagdo das ATM seguem um protocolo especifico denominado de
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD), descrito em
1992, e revisto por Dworking et al. em 2014. Neste estudo, os autores ressaltam
a importancia de exames complementares de imagem na investigacao de fatores
relacionados com as DTM, destacando seu papel, e, em especial, o dos exames
por imagens de ressonancia magnética (RM), afirmando que estes exames
possuem sensibilidade > 0 70 111 > 095 quando recomendamos
para diagnostico de alteragdoes nas ATM. Desta forma, observa-se a importancia
do conhecimento e interpretacio de imagens de RM para uma perfeita

compreensdo das ATM.

As novas possibilidades que o desenvolvimento das tecnologia de
computagdo grafica trouxeram para a area de estudo por imagens possibilitaram
um maior aproveitamento de todas as informagdes que as estas possam vir a
trazer como exames complementares. Estudos com o de Weicknmeier et al., em
2017, tem sido realizados valendo-se de exames por imagens gerar modelos
tridimensionais das estruturas das ATM, que possibilitam uma avaliagdo mais
precisa das mesmas, incluindo modelos de computagdo grafica com simulacoes
de todo o sistema mastigatorio melhorando o entendimento funcional de

desordens e o planejamento cirargico.
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Visando enfatizar a importdncia das imagens por RM como meio
elucidativo no diagndstico das DTM, com abordagens de diferentes fatores que
poderiam contribuir tanto para etiologia, quanto para o aprimoramento da
analise das imagens, esta tese realizou a compilacdo de 06 artigos cientificos
publicados em periddicos de impacto. Nao foi objetivo realizar uma discussado
minuciosa de cada um desses, uma vez que ja fora realizada na ocasido da
elaboracdo dos mesmos para suas publicagdes. Serdo realizadas consideragdes
que relatem seus objetivos e os resultados atingidos dentro do tema imagens por

RM no estudo das DTM.

O artigo 1 abordou o possivel aspecto da presenca da Depressdo Maior,
ou seja, um distarbio mental, como fator que pudesse influenciar na presenga
dos sinais e sintomas de DTM. O estudo foi realizado por andlise clinica dos
sinais e sintomas de DTM, bem como sob os aspectos imaginoldgicos por RM,
possibilitando avaliar a presenga de deslocamento de disco articular, bem como
os graus de rotagdo e translagdo da cabe¢a da mandibula. Resultados indicaram
que ndo houve relagdo, poucos estudos foram realizados com essa abordagem.
Em um estudo realizado por Gallagher et al. (1991) a presenca de DTM foi
abordado do ponto de vista clinico apenas, em pacientes diagnosticados com
depressao maior, sendo observado uma maior prevaléncia desta nos mesmos.
Nao houve porém, uma investigacdo por meio de imagens, o que ressalta a
importancia do artigo 1, que se valeu deste recurso. Acredita-se com veeméncia
que mesmo nao sendo demonstrado no artigo 1 a relagdo na amostra entre a
DTM e depressdo maior, haja uma associacdo entre as mesmas uma vez que €
notorio a somatizacao por meio de diferentes manifestacoes da dor, de efeitos
psicossomaticos (Yap et al., 2002). Importante ressaltar também que esse foi o
unico estudo publicado, que se valeu das imagens de RM em pacientes com

depressao maior, para estudo das ATM.
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Procurando avaliar a relagdo entre as DTM e a presenga de alteracoes
sistémicas/neuroldgicas, foi realizado o estudo do artigo 2 desta compilagao.
Neste, foram selecionados pacientes diagnosticados com DTM e também
aqueles que apresentavam cefaléia do tipo migranea. A cefaléia foi escolhida
como objeto de estudo, por ser uma queixa frequente em pacientes portadores de
DTM. Apensar de outros trabalhos (Gil-Martinez et al., 2017; Contreras et a.,
2018; Garrigos-Pedron et al., 2019) terem posteriormente abordado a relagdo
entre cefaleia migranea e DTM, o estudo do artigo 2 foi pioneiro, uma vez que
abordou esta relagdo e sua influéncia no grupo muscular pterigoideo lateral, que
se insere diretamente no disco articular nas ATM, utilizando por meio das
imagens de RM, a andlise de sua volumetria, uma vez que a palpagao clinica
deste grupo muscular ¢ bastante questionavel por seu acesso anatomico. Desta
forma, a metodologia para sua avaliagdo mostrou-se objetiva e confiavel. No
estudo, houve uma relagdo entre DTM, migrinea e o aumento (hipertrofia)
muscular deste grupo, mas isso nao refletiu no aumento da prevaléncia de
deslocamentos do disco, mesmo com a relagdo deste com entre musculo
pterigoideo. Este estudo mais uma vez refor¢ga a importdncia a gama de

possibilidades do exames por imagens de RM para estudo das ATM.

As variagoes anatoOmicas dos componentes das ATM como fatores que
podem estar associados a presen¢a de DTM foram alvo de trés dos estudos aqui

selecionados (artigo 3, artigo 4 ¢ artigo 6).

O artigo 3 investigou os padrdes de inser¢do dos ventres superior ¢
inferior do musculo pterigoideo lateral e variagdes de seus volumes, em boca
fechada e aberta. Mais uma vez, a tecnologia do célculo de volume muscular,
por meio de softwares computacionais de imagens, foi adotada como
metodologia neste estudo, reforcando a grande possibilidade de que as imagens

de RM fornecem no estudo das ATM. Concluiu-se haver diferenca entre os
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volumes deste grupo muscular (ventres superior ¢ inferior) € esses variam em

relagdo as posicdes de boca fechada e aberta.

O artigo 4 estudou a influencia entre a forma da eminéncia (ou tubérculo)
articular nas ATM e a posicao do disco articular, em imagens de RM, com
intuito de se verificar se a forma da mesma estaria relacionada a presenca de
deslocamento do disco articular, que ¢ um tipo de desarranjo interno que pode
estar associado as DTM, e a fun¢do do disco — reduzido ou ndo, uma vez que a
translacdo de disco durante a abertura e fechamento da boca estd intimamente
ligada a seu deslize sobre as vertentes posteriores e zénite do Tubérculo
articular. O estudo concluiu que morfologias aplainadas e convexas colaboram
para que deslocamentos anteriores de disco apresentem reducdo em posicao de
maxima abertura bucal. Estudo posteriores foram realizado com metodologias
similares a este (Litko et al., 2017; Bedran et al., 2019; Lei et al., 2019),
também enfatizando da importincia do estudo morfologico do tubérculo
articular para classificagdo do tipo de deslocamento de disco articular e sua

posi¢ao.

O artigo 6 desta tese abordou a relagdo entre a inclinagdo do longo das
cabecas da mandibula, em relacdo ao plano sagital mediano, e a presenca de
desarranjos internos, como deslocamentos de disco, alteragdes do grau de
translagdo das ATM, que pudessem predispor a DTM por andlise de imagens
por RM. Os resultados indicaram relacdo entre posi¢do e funcdo de disco e
posicdo e grau de rotacdo da cabega da mandibula, porem ndo houve relagdo
entre essas variaveis e a variacdo do dos angulos dos longos eixos condilares.
Posteriormente a este estudo, encontrou-se na literatura um trabalho (Piancino
et al., 2018) abordando variaveis que incluiam os longos eixos condilares e a
presenga de DTM. Nesse estudo os autores encontraram relagdo entre a presenca

de DTM e assimetrias nos longos eixos condilares, de forma diferente do artigo
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6 aqui selecionado. Porém naquele estudo, os autores utilizaram imagens de
radiografias panoraminas, além de imagens de RM, para estudar varidveis como
altura do tubérculo articular e forma do mesmo, o que poderia ser um fator
divergente do estudo 6, sabendo-se que a radiografia panoramica, por si so
possui efeitos de distor¢do e ampliacdo inerentes, sendo uma técnica nao
recomendada para medidas. Desta forma, enfatiza-se que, para o estudo das
ATM, exames tomograficos — que possibilitam a obtencdo de imagens
seccionais reais, sem ampliacdo e sobreposi¢does - como a Tomografia

computadorizada e a RM sdo modalidades mais indicadas.

Finalmente, mas ndo menos importante, o artigo 5 desta tese abordou o
uso de filtros de realce ou filtros de pds-processamento de imagens como meio
de melhoria na analise subjetiva para avaliacio das ATM por meio de RM.
Nota-se que, na literatura, ndo foram encontrados estudos com esta abordagem,
apesar de serem observados alguns estudos prévios que abordassem o uso dos
filtros de realce para deteccao de lesdes cariosas em radiografias (Ghoncheh et
al., 2017; Shokri et al.,, 2018), bem como em andalises de tomografia
computadorizada de feixe conico (Srinivasan et al., 2014; de Sousa, 2017). Os
resultados do estudo 6 indicaram que o uso dos filtros de realce para as imagens
de RM, levaram a uma maior capacidade de identificagdo das estruturas das
ATM, como o disco articular e melhoraram a nitidez das imagens, desta forma

capacitando o avaliador na melhoria da andlise das imagens.

Os artigos aqui selecionados, mostraram a importancia das imagens por
RM no estudo das ATM e, portanto, como meio de exame complementar
essencial para identificagao de fatores relacionados as DTM, seja para analise
anatoOmica, avaliagdo de fatores relacionados a alteragdes sist€émicas que
contribuiriam para o desenvolvimento das alteracoes nas ATM e sempre se

valendo das tecnologias disponiveis em imagens digitais, que possibilitam uma
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ampla gama de ferramentas como novas abordagens das imagens, aliadas a
capacitacdo e conhecimento dos profissionais da Imaginologia, para seu amplo

aproveitamento.
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