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ABSTRACT

The aim of this study was to compare a two-dimensional method - panoramic radiography
- and a three-dimensional modality - cone beam computed tomography (CBCT) - on the
assessment of external root resorption (ERR) of second molars associated with impacted
third molars. In addition, we aimed to relate the third molar inclination (Winter’s
classification) with the detection of ERR on the second molar. First, the sample was
consisted of 188 impacted third molars (66 individuals). Panoramic radiography
(Orthopantomograph OP100 D) and CBCT imaging (i-CAT Classic) were obtained of all
patients. Two oral radiologists investigated the presence of ERR on the adjacent second
molar and the inclination of the third molar. Statistical analysis was performed using chi-
square test, Fisher exact test, two-proportion Z test and simple logistic regression
(significance level was set at 5%). A significantly higher number of ERR was diagnosed on
CBCT images (n=43) than on panoramic radiographs (n=10) (P=0.0001). The agreement
between panoramic radiographs and CBCT for diagnosing ERR was 4.3% (n=8). The
mandibular third molars on mesioangular and horizontal inclinations were more related to
ERR lesions on the second molars. Therefore, 174 mandibular third molars on these two
inclinations were evaluated in a second sample comprising of 116 CBCT images acquired in
two units: i-CAT Classic e Picasso Trio. Age and sex of individuals and depth of third
molars (subjective analysis and Pell and Gregory classification) were also recorded.
Statistical analysis was performed using ANOVA and Mann-Whitney tests (hnumerical data)
and chi-square test (qualitative data). There were no statistically significant differences in
the detection of ERR in images from both devices (p>0.05). Therefore, subsequent
analyzes were performed on the total sample. The prevalence of ERR on this sample was
49.43%. There was no difference between mesioangular and horizontal inclination in the
detection of ERR. Third molars of older patients (over 24 y-o0) and in Pell and Gregory Class
A and Class B were more associated with the presence of ERR. The results showed that
CBCT should be indicated when a direct contact between the mandibular second and third

molars is observed on panoramic radiography, especially in patients aged over 24
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presenting with mesioangular or horizontal impactions, and Class A or Class B of Pell &

Gregory.

Keywords: Third molar; Root resorption; Cone-beam computed tomography; Panoramic

radiography.
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RESUMO

O presente estudo propds-se a comparar um método radiografico bidimensional, a
radiografia panoramica, com uma modalidade de imagem tridimensional, a tomografia
computadorizada de feixe cénico (TCFC), no diagndstico da reabsorcdo radicular externa
(RRE) nos segundos molares relacionada a impactagdao dos terceiros molares. Buscou-se
também relacionar a inclinacdo do terceiro molar, de acordo com a classificacdo proposta
por Winter, com a presenc¢a da RRE no segundo molar. Primeiramente, a amostra foi
composta por 188 terceiros molares impactados (66 individuos) observados na radiografia
panoramica (Orthopantomograph OP100 D) e nas imagens de TCFC obtidas no
equipamento i-CAT Classic. Dois cirurgioes-dentistas, especialistas em Radiologia
Odontoldgica, registraram a presenca da RRE no segundo molar e a inclinagao do terceiro
molar impactado. Os dados foram tabulados e submetidos a analise estatistica por meio
dos testes de qui-quadrado, teste exato de Fisher, teste Z para duas proporcbes e
regressdo logistica simples (nivel de significancia de 5%). Um numero significativamente
maior de casos de RRE foi diagnosticado na TCFC (n=43) quando comparada a radiografia
panoramica (n=10) (P=0,0001). Além disso, a concordancia entre os métodos para o
diagndstico da RRE foi de apenas 4,3% (n=8). Terceiros molares inferiores e nas posicoes
mesioangular e horizontal foram mais relacionados a presenca da RRE nos segundos
molares. Por esse motivo, 174 terceiros molares inferiores nessas duas inclinacées foram
avaliados em uma segunda amostra formada por 116 imagens de TCFC obtidas em dois
diferentes equipamentos: i-CAT Classic e Picasso Trio. Além da presenca da RRE,
informacgdes acerca da idade, sexo dos individuos e profundidade de terceiros molares
(anadlise subjetiva e classificacdo de Pell & Gregory) foram registradas pelos dois
avaliadores. Os dados numéricos foram submetidos aos testes ANOVA e Mann-Whitney, e
os dados categdricos, aos testes do qui-quadrado para analises de contingéncia e qui-
guadrado de aderéncia. Ndo houve diferencas estatisticamente significantes na deteccao
da RRE nos dois equipamentos e entre as inclinacdes mesioangular e horizontal (p>0,05).

A prevaléncia da condicdo na amostra total de dentes foi de 49,43%. Os terceiros molares



pertencentes a pacientes de maior idade e posicionados mais superiormente (classes A e
B de Pell & Gregory) estiveram mais associados a presenga da RRE nos dentes adjacentes.
Concluiu-se que a TCFC deve ser indicada quando for observado um contato direto entre o
segundo e o terceiro molar inferiores na radiografia panoramica, principalmente nos casos
de impactacdes mesioangulares e horizontais, em classes A e B de Pell & Gregory e de

pacientes com idade superior a 24 anos.

Palavras-Chave: Terceiro molar, Reabsorg¢do da raiz, Tomografia computadorizada de

feixe conico, Radiografia panoramica.
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INTRODUCAO

As impactacdes dentarias constituem importantes condicdes em Odontologia,
em virtude da sua alta frequéncia, além da possibilidade de desenvolvimento de
manifestacdes clinicas associadas que podem ter severidade varidvel, sendo de ordem
local, regional ou sistémica (Almendros-Marqués et al., 2008). Dentes impactados sdo
aqueles que ndo irromperam normalmente no arco dentario dentro do tempo esperado,
em decorréncia de uma barreira fisica localizada na trajetéria de erupcao. Nesse contexto,
os terceiros molares, por serem os Ultimos dentes a erupcionar nos arcos, sdo muito
sujeitos a impactacdo, ja que, muitas vezes, o espaco presente é insuficiente para o
posicionamento adequado (Peterson, 2000). Esse provdavel fator causal, associado a
outros descritos na literatura, tais como a limitacdo do crescimento esquelético, a erupcao
mais distal da denticdo, o crescimento da cabeca da mandibula no sentido vertical e o
aumento do tamanho das coroas dentarias, contribui para que 40% dos terceiros molares
tornem-se parcialmente ou completamente impactados no osso alveolar, aparecendo
como os primeiros em frequéncia dentre as impactacées dentdrias, seguidos pelos
caninos superiores e pré-molares inferiores (Yamalik & Bozkaya, 2008). Acredita-se, ainda,
gue o processo de evolucao maxilomandibular ao longo das geragdes, com a substituicdo
da alimentacdo de consisténcia mais resistente por uma dieta constituida por alimentos
cozidos, cremosos ou pastosos, que exigem pouco esforgo mastigatério, tenha interferido
sobremaneira no menor desenvolvimento das estruturas maxilomandibulares e, como

consequéncia, nessa maior taxa de impactacdo dentdria (Weismann, 1990).

Frequentemente, os cirurgides-dentistas, em seus planos de tratamento,
decidem pela remog¢do ou manutencdo de um terceiro molar impactado. Sabe-se que
esses dentes apresentam um potencial de produzir condi¢Ges patoldgicas associadas que
podem variar desde lesdes de carie nos terceiros ou segundos molares adjacentes até
graves infeccOes sistémicas originadas em lesGes de pericoronarite (Yamalik & Bozkaya,

2008). No entanto, um terceiro molar pode permanecer impactado sem que haja qualquer



repercussao patolédgica durante seu ciclo de vida, fato este que, por muitos anos, tem
colocado a literatura em discussdo acerca da real necessidade da remogdo profilatica
desses dentes (Lysell &Rohlin, 1988; Kahl et al., 1994; Yamaoka et al.; 1995; van der
Linden et al.,, 1995; Knutsson et al., 1996; Al-Khateeb &Batained, 2006). Ainda assim,
estima-se que a propor¢do de terceiros molares impactados que sdo extraidos sem
qualquer justificativa clinica esteja entre 18 e 57%, o que demonstra que a remogao
profildtica ainda figura como uma pratica universalmente aceita (Adeymo, 2006). Em
virtude disso, diversas pesquisas foram realizadas com o propdsito de investigar a
ocorréncia e determinar a prevaléncia dessas condi¢Ges patolégicas associadas,
correlacionando dados clinicos com exames radiograficos (Yamaoka et al. 1999; Al-
Katheeb et al, 2006; Arkaslan & Kocabay, 2009; Falci et al. 2012). Além das lesGes de carie
e de pericoronarite j& mencionadas, os terceiros molares impactados podem contribuir
para a perda éssea na regido, infeccdo periapical, desenvolvimento de lesGes cisticas e
tumorais, edema e ulceracdo da mucosa e a reabsorcdo externa da raiz do dente
adjacente (Kahl et al., 1994; Van der Linden et al., 1995; Knutsson et al., 1996; Nemcosky
et al., 1996; Yamaoka et al. 1999; Al-Katheeb et al., 2006; Arkaslan & Kocabay, 2009; Falci
et al. 2012).

A reabsorcdo radicular externa (RRE) em dentes permanentes pode ser
causada por estimulos mecanicos ou inflamatdrios (Benefatti, 1997). O diagndstico,
classificacdo e tratamento das RREs sdo diretamente dependentes da determinacdo desse
fator de estimulo (Fuss et al., 2003). Dentre as possiveis etiologias descritas na literatura
capazes de suscitar esse processo patolégico de reabsorcdo encontram-se: a forca
promovida por aparatos ortodonticos, trauma dental, cistos ou tumores, infeccdo pulpar,
regeneracdo ineficiente do periodonto em dentes transplantados ou reimplantados e a
presenca de um dente retido em intimo contato com a raiz dentaria (Benefatti, 1997;
Yamaoka et al., 1999; Fuss et al., 2003; Armas et al., 2008). A RRE associada a um dente
impactado é classificada como uma reabsorcdo por estimulo mecanico, sendo esta uma

condicdo asséptica, geralmente assintomatica, cujo dente envolvido apresenta vitalidade



pulpar, a menos que o fator etiolégico (dente impactado) esteja localizado préximo ao
forame apical, interferindo, dessa forma, no suprimento sanguineo (Fuss et al., 2003).
Estudos histolégicos demonstraram que injurias localizadas no ligamento periodontal e
cemento radicular podem causar reabsor¢do de superficie, por substituicdo ou
inflamatodria (Andreasen, 1980; Andreasen, 1987; Nemcovsky et al., 1997). Dentre estas, a
reabsorcao radicular de superficie foi encontrada com maior frequéncia em segundos
molares em intimo contato com terceiros molares impactados, estando associada em
algumas situagOes as reabsorgdes inflamatdrias e de substituicdo, especialmente nos
casos mais avangados (Nemcovsky et al., 1997). Esse tipo de reabsorcao é geralmente
detectado radiograficamente no sitio de contato da impactacdo, o que pode indicar que a
pressao exercida pelo dente impactado seja um fator desencadeante para o processo de
reabsorcdo (Nitzan et al., 1981; Yamaoka et al., 1999). Ademais, o defeito reabsortivo é
geralmente “preenchido” pelo dente impactado (Fuss et al, 2009). No entanto, o
mecanismo pelo qual um dente impactado induz a reabsorcdo no dente adjacente nao
estd completamente esclarecido na literatura, e alguns autores também consideram a
possibilidade de ocorréncia de um mecanismo similar ao que ocorre de maneira fisiologica
em dentes deciduos (Nitzan et al., 1981; Nemcosky et al., 1997; Kakuta et al., 2010). A
presenca de uma inflamacdo local (p. ex.: bolsa periodontal) pode ainda complicar,
acelerar a reabsorcdo ou até mesmo estimular o epitélio reduzido do dente impactado a
secretar mediadores inflamatdrios envolvidos com o recrutamento de células clasticas
(Nemcosky et al.,, 1997; Yamaoka et al., 1999). Apesar dessas possiveis etiologias e
mecanismos biolégicos serem descritos na literatura como hipdteses que, de maneira
isolada ou combinada, sejam responsaveis pela reabsor¢cdo que ocorre em dentes
adjacentes a outros impactados, a pressdao mecanica exercida pela forca eruptiva de um
dente impactado aparece como o fator etioldgico mais aceito em estudos clinicos (Bjerklin
& Ericson, 2006; Algerban et al., 2011; Kakuta et al., 2010; Pai & Khosla, 2012; Strbac et
al., 2013).



Relatos publicados nos anos de 1970 chamaram a atenc¢do dos cirurgioes-
dentistas para a particularidade da RRE que ocorre em dentes adjacentes a terceiros
molares impactados, podendo levar a perda do segundo molar reabsorvido de maneira
insidiosa, sem manifestar qualquer sinal ou sintoma clinico (Romero, 1971; Oles, 1979).
Além disso, a sobreposicdo radiografica entre a coroa do dente em erupcdo e a raiz do
dente adjacente torna o diagndstico precoce uma tarefa dificil, fazendo com que essas
reabsorcdes sejam detectadas somente quando ja atingiram uma grande parte do dente.
Holcomb e colaboradores (1983) descreveram o procedimento de apicificagdo, com trocas
sucessivas de medicacdo intracanal para estimular o fechamento do 4pice, em um
segundo molar severamente reabsorvido no sitio de contato com o terceiro molar
impactado. Os autores obtiveram excelentes resultados com o tratamento endodéntico,
tanto em relacdo a regeneracdo dssea perirradicular como na interrupcao do processo de
reabsorcao. Anos depois, Girdler (1992) relatou um caso em que um acompanhamento
radiografico realizado 3 anos apds a radiografia inicial ndo foi suficiente para evitar a
migracdao do terceiro molar para a regidao do segundo molar, causando a reabsor¢ao
completa das raizes deste dente. J& Wang (1992) alertou para a possibilidade de
ocorréncia desse tipo de reabsor¢do até mesmo em segundos molares superiores, e
defendeu a exodontia do segundo molar com a preservac¢ao do terceiro molar em erupc¢ao
como a melhor alternativa de tratamento para os casos de reabsorcdes avancadas.
Recentemente, Vivekananda & Khosla (2012) também descreveram a reabsor¢do em um
segundo molar superior causada por um terceiro molar impactado, no entanto, optaram
pela extracdo do terceiro molar e ressec¢ao radicular parcial do segundo molar associada

ao tratamento endodontico.

Além dos relatos de casos supracitados, é possivel encontrar na literatura
estudos retrospectivos e de caso-controle que descreveram a ocorréncia e prevaléncia da
RRE em segundos molares na regido de contato com terceiros molares impactados,
detectada em exames radiograficos bidimensionais. Nessas condi¢cdes, a RRE foi pouco

diagnosticada em muitos estudos, com taxas de detecgao inferiores a 1% das amostras



estudadas (van der Linden et al., 1995; Yamaoka et al., 1999; Chu et al., 2003; Al-Khateeb
& Bataineh, 2006). Apesar disso, porcentagens superiores, que variam de 7 a 24%, sao
também descritas na literatura em pesquisas retrospectivas e estudos longitudinais que
utilizaram radiografias periapicais e panoramicas (Nitzan et al., 1981; Kahl et al., 1994;
Nemcovsky et al., 1995). E importante também salientar a dificuldade que existe na
distingdo entre uma lesdo cariosa envolvendo a face distal de um segundo molar e uma
lesdo de reabsorcdo radicular. Além disso, a dindmica infecciosa da cavidade oral favorece
a infec¢do secunddria de lesdes primariamente assépticas (Stanley et al., 1988; Chu et al.,

2003).

A posicdo anatomica de um terceiro molar impactado é uma variavel
importante para a determinacdo da dificuldade de extracdo e o risco de complica¢des pds-
operatoérias, além de influenciar no aparecimento de condi¢Ges patoldgicas associadas a
impactacao desses dentes (Peterson, 2000; Yamalik & Bozkaya; 2008; Akarslan & Kocabay,
2009). Tradicionalmente, os terceiros molares sdo classificados de acordo com o sistema
de Pell & Gregory, que estad baseado na profundidade do terceiro molar e relagdo com o
ramo mandibular, e a classificacdo de Winter, que se fundamenta na inclinacdo do
terceiro molar em relagdo ao segundo molar adjacente. Ambas s3ao baseadas em
parametros clinicos e principalmente radiogréficos, sendo que, dentre estas, a
classificacdo de Winter, além de mais simples, tem demonstrado melhores valores de
reprodutibilidade intra e inter-examinador (Almendros-Marqués et al., 2008). As
pesquisas também tém mostrado que as inclinagdes mesiais aumentam a probabilidade
de um terceiro molar impactado desencadear uma lesdo associada, estando entre estas a
RRE do dente adjacente (Knutsson et al., 1996; Nemcovsky et al.,, 1996, Akarslan &
Kocabay, 2009).

Com o advento da Tomografia Computadorizada de Feixe Conico (TCFC) no
final da década de 90, novas possibilidades clinicas e cientificas surgiram na Odontologia

(Mozzo et al., 1998; Arai et al., 1999). Antes disso, a Tomografia Computadorizada Axial ou



de Feixe em Leque (TC), utilizada principalmente para fins médicos, figurava como o Unico
recurso tridimensional computadorizado para avaliagdo dos tecidos dsseos, dentdrios e
espacos aéreos maxilomandibulares, sendo prioritariamente solicitada na Odontologia por
cirurgides bucomaxilofaciais e implantodontistas, para a avaliacdo de lesdes amplas
envolvendo o complexo maxilomandibular, pacientes politraumatizados, planejamento de
cirurgias ortognaticas e avaliagdo da espessura éssea do rebordo alveolar edéntulo. A
introducdo da TCFC na Odontologia possibilitou a indicacdo de imagens tridimensionais
pelas diversas especialidades odontolégicas com propdsitos adicionais distintos dos
habituais, uma vez que a mesma apresenta importantes vantagens sobre a TC,
especialmente no que concerne a menor dose de radiacdo ionizante emitida e ao menor
custo para o paciente (Ziegler et al., 2002; Miracle et al., 2009). Segundo Chau & Fung
(2009), a dose nas glandulas salivares pela TC (7,49 mGy) é oito vezes maior do que pela
TCFC (0,96mGy). Ademais, as imagens por TCFC apresentam resolu¢cbes espacial e de
contraste adequadas para o diagndstico dos tecidos com densidade dssea e dentaria,
prestando-se, dessa forma, para a analise de alteragbes discretas envolvendo os dentes e
estruturas de suporte, tais como lesdes inflamatdrias periapicais em estagio inicial,
fraturas radiculares e reabsor¢bes dentdrias internas e externas (Melo et al., 2010; De-

Azevedo-Vaz et al., 2012; Liang et al.,2013; Ren et al., 2013).

Em relagdo ao diagnéstico das reabsor¢des radiculares, a TCFC tem
demonstrado desempenho superior quando comparada aos exames radiograficos
bidimensionais, em estudos in vitro e in vivo (Vasconcelos et al., 2012; Ren et al., 2013). A
possibilidade de avaliacdo dos dentes e estruturas adjacentes livres de sobreposicdes e
nos trés planos do espaco traz beneficios inegaveis ao diagndstico de alteracdes na
morfologia e na integridade das raizes dentdrias em intimo contato com lesdes dsseas e
dentes retidos (Algerban et al., 2011). Nesse contexto, os estudos disponiveis na literatura
gue abordaram a RRE que ocorre em dentes adjacentes a outros impactados envolveram,
em sua grande maioria, caninos retidos e sua repercussdo em incisivos centrais e laterais,

bem como a alteracdo no planejamento cirurgico e ortodéntico mediante a avaliagdo



tridimensional realizada por meio de imagens de TC e TCFC (Ericson, 2000; Walker et
al.,2005; Bjerklin & Ericson, 2006; Liu et al., 2008; Algerban et al., 2009; Haney et al.,
2010; Algerban et al., 2011; ). Nesses casos, sabe-se que as imagens tridimensionais sdo
capazes de agregar informagdes valiosas para o diagndstico e planejamento, aumentar a
previsibilidade das intervencdes e consequentemente o sucesso do tratamento (Kapila et

al., 2011).

Como previamente mencionado, até o momento os estudos que abordaram a
RRE em segundos molares adjacentes a terceiros molares impactados relataram casos
clinicos, enfocaram as alternativas de tratamento e descreveram a ocorréncia e
prevaléncia da condicdo baseada em dados clinicos, andlises histolégicas e exames
radiograficos convencionais. A andlise tridimensional da RRE causada por dentes
impactados restringe-se, na literatura, a avaliacdo de caninos retidos no contexto da
Ortodontia. Diante do exposto, o presente trabalho prop0s-se a comparar a radiografia
panoramica com a TCFC no diagndstico da RRE em segundos molares associada a terceiros
molares impactados. Adicionalmente, buscou-se relacionar a localizagdo (arco superior ou
inferior) e a inclinacdo do terceiro molar de acordo com a classificacdo proposta por
Winter com a presenga da RRE no segundo molar. Em terceiros molares inferiores
mesioinclinados, que produzem maiores superficies de contato com os segundos molares,
investigou-se também a relagdo entre a idade, sexo dos individuos e profundidade do

terceiro molar (analise subjetiva e classificacdo de Pell & Gregory) com a presenca da RRE.

Com isso, foi possivel a investigacdao da quantidade de informacgao adicional
obtida por meio da modalidade tridimensional de imagem (TCFC), fornecendo, dessa
forma, subsidios aos cirurgides-dentistas e a comunidade cientifica acerca dos critérios de
indicacdo da TCFC em Odontologia e da necessidade de remocdo profilatica de um

terceiro molar impactado assintomatico.
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Abstract

The aim of this study was to compare panoramic radiography and cone beam computed
tomography (CBCT) for the assessment of external root resorption (ERR) of second molars
associated with impacted third molars. The sample consisted of 66 individuals with

impacted third molars (n=188) seen on panoramic and CBCT images. The presence of ERR



on the adjacent second molar was investigated and the position of maxillary and
mandibular third molars was determined using the Winter’s classification (vertical,
horizontal, mesioangular, distoangular, and transverse). Statistical analysis was performed
using the chi-square test, Fisher exact test, two-proportion Z test and simple logistic
regression (significance level was set at 5%). There was a statistically significant difference
between teeth that showed ERR and those without ERR in both images (P = 0.0001). A
significantly higher number of cases of ERR was diagnosed by CBCT images than on
panoramic radiographs (P=0.0001). The agreement between the panoramic radiographs
and CBCT for diagnosing ERR was 4.3%. Mandibular third molars in mesioangular and
horizontal inclinations were more likely to cause resorption of the adjacent teeth. The
results showed that CBCT should be indicated when a direct contact between the
mandibular second and third molars is observed on panoramic radiography, especially

mesioangular or horizontal impactions.
Introduction

An impacted tooth is one that is precluded from erupting normally because of
malposition, lack of space, or when there is a physical barrier in its eruption trajectory.
These impacted teeth can lead to various symptoms and pathologic conditions. Impacted
third molars (average eruption age, 17-21 years) rank first in frequency of impacted
teeth'. The literature shows that these teeth can be associated with some pathologic

2,47

conditions such as pericoronitis, swelling, cheek uIcerationH, caries lesions™"’, bone

loss®>*>, odontogenic cysts or tumors>*®, and resorption of the adjacent teeth >*®%™%3,
External root resorption (ERR) of permanent teeth is believed to result from
mechanical or inflammatory factors, such as the force pressure of orthodontic appliances,
dental trauma, cysts or tumors, chronic apical periodontitis, and poor regeneration of the
periodontium in reimplanted or transplanted teeth*'>. Another factor frequently
associated with ERR of second molars is the presence of a nonerupted third molar in close

4,6,11,13,16

proximity to the root of the second molar . This type of root resorption has been

found at the site of contact with the impacted tooth, which could indicate that the

10



pressure exerted by the impacted tooth participates in the resorption process”®.
Although this mechanism of resorption is not yet entirely clear, some authors consider it
similar to the mechanism involved in the resorption of deciduous teeth®'®. An
inflammatory process (e.g. periodontal loss) can complicate the condition or even

stimulate the reduced dental epithelium of the impacted tooth to secrete inflammatory

mediators involved in osteoclast recruitment and mineralized tissue resorption13’16.

17,18

Experimental animal studies'”*® and finite element analysis*® have shown that the dental

follicle is involved in bone resorption and formation of an eruption pathway. However, the
underlying mechanism of root resorption has not yet been defined”.
Three-dimensional imaging techniques, such as computed tomography (CT),

have proved to be superior to two-dimensional techniques such as radiography, with a

50% higher detection rate of ERR associated with unerupted maxillary canines®* 2.

However, the use of CT for routine analysis of impacted teeth is not justified because of

the higher effective dose of radiation®*. Cone beam computed tomography (CBCT) has

been found to be extremely useful in the diagnosis of this type of root resorption25’26.

CBCT scans produce an adequate image quality of the maxillofacial region using lower

27,28

doses of radiation than CT developed for medical applications®”“". Other advantages of

CBCT over CT are the relatively low cost and fewer artifacts?*.
Most of the available data on ERR of second molars associated with unerupted

8,10,11

third molars comes from case reports and retrospective studies on panoramic and

2,4— 12,1 are . .
4691213 | addition, there has been no direct comparison of

periapical radiographs
panoramic imaging and CBCT, especially related to the amount of extra information
provided by three-dimensional images. The information available is still limited, which
emphasizes the need for further research on this condition. Therefore, the aim of this
study was to compare panoramic radiography and CBCT images for the assessment of ERR

of second molars associated with impacted third molars.
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Materials and methods

This retrospective study included 111 patients (42 males and 69 females)
selected on the basis of data from the Dental School, who had undergone preoperative
examination of one or more impacted third molars (panoramic radiography and CBCT)..
The study was carried out after ethical committee approval (protocol number 077/2011).
Images of third molars with less than two-thirds of the root developed were excluded
from the study; patients with radiologic evidence of intraosseous pathologies (e.g., cysts
or tumors) associated with the third molars and extensive caries lesions on the second
molars were also excluded. In some situations, the presence of high density materials
(e.g., restoration, intracanal post, orthodontic or surgical screw) can produce beam
hardening artifacts jeopardizing the CBCT images quality. If these artifacts were
superimposed to the second molar roots precluding the correct diagnostic, the image was
excluded. The final sample comprised 66 patients (25 males and 41 females), aged
between 15 and 76 years (average 22.8 years), and 188 second molars (91 maxillary and
97 mandibular) adjacent to impacted third molars.

Digital panoramic radiographs were obtained using an Orthopantomograph
OP100 D unit (Instrumentarium Corp., Imaging Division, Tuusula, Finland), operating at 66
kVp, 2.5 mA with an exposure time of 17.6 s. The images were exported in TIFF format
from the original software. The tomographic images were acquired using a Classic i-CAT
CBCT unit (Imaging Sciences International, Inc, Hatfield, PA, USA), operating at 120 kVp, 8
mA, with 0.25 mm voxel size and field of view of 13 X 17 cm, in order to include maxillary
and mandibular third molars in the same scanning. The panoramic radiographs and the
CBCT images were evaluated by two oral radiologists independently, on a computer
monitor (21-inch LCD monitor, spatial resolution of 1280x1024 pixels), under dim lighting
conditions. To be included in the study as observers, the oral radiologists had to have at
least 3 years of experience with CBCT diagnosis. The panoramic radiographs were
examined using Imagel software (National Institutes of Health, USA) and all the CBCT

images were analyzed on Xoran software (Xoran CAT, version 3.0.34, Xoran Technologies,
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Ann Arbor, MI). The observers were free to use the software enhancement tools
according to their own preference, in order to simulate a clinical situation. In cases of
disagreement, the two observers discussed their findings until a final consensus was
reached.

The observers were asked to state whether ERR on the distal surface of the
second molars was present or absent. ERR was registered according to the criteria of Al-
Khateeb and Bataineh® when a clear loss of substance in the root of an adjacent second
molar was detected. In addition, the position of the third molar was determined using a
modification of Winter’s classification: vertical, horizontal, mesioangular, distoangular,
and transverse (rare inverted positions were not considered). The findings from the
panoramic radiographs and the CBCT images were then subjected to statistical analysis.

The data were analyzed using Systat 13.0 (Cranes Software International,
Chicago, IL, USA) and the panoramic and CBCT findings were compared using the chi-
square test, the Fisher exact test, the two-proportion Z test, and simple logistic regression.

The significance level was set at 5%.

Results

The complete profile of the final sample of third molars (number, distribution
on the upper and lower jaws, and inclination) is shown in Table 1. The number of teeth
with ERR was significantly lower than those without ERR (chi-square test, P<0.0001) in
both images (panoramic = 10 cases, 1 maxillary teeth and 9 mandibular teeth; CBCT= 43
cases, 13 maxillary teeth and 30 mandibular teeth). In addition, CBCT images showed
significantly more ERR than the panoramic radiographs (chi-square test, P<0.0001) (Table
2). The prevalence of ERR was 5.31% in the panoramic radiographs and 22.88% in the
CBCT images (Table 2). Thus, CBCT images detected 4.3 times more ERR than the

panoramic radiographs.
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Table 1. Descriptive analyses of the third molars included in the sample.

Upper Lower
Inclination third third Total (%)

molars  molars

Distoangular 16 1 17 (9)
Horizontal 0 9 9 (4.8)
Mesioangular 6 59 65 (34.6)
Transverse 1 1 2(1.1)
Vertical 68 27 95 (50.5)
Total 91 97 188 (100)

Table 2. Presence and absence of ERR in second molars detected in panoramic

radiographs and CBCT images.

Image modality With ERR(%) Without ERR(%) Total(%)
Panoramic radiographs 10 (5.31) 178 (94.69) 188 (100)
CBCT Images 43 (22.88)* 145 (77.12) 188 (100)

*Statistically significant difference, Chi-square test: p<0.0001

Agreement between both methods regarding the presence of ERR occurred in
8 of 188 cases (4.3%), but overall agreement (teeth with and without resorption) occurred
in 151 of 188 cases (80.3%) as shown in Table 3. Figure 1 presents a case of disagreement
between the methods, where ERR was only detected on CBCT; an agreement situation is

shown in Figure 2.
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Table 3. Comparison between panoramic radiographs and CBCT images in the detection of

ERR.

CBCT images
Panoramic radiography Absence (%) Presence (%) Total (%)
Absence 143 (76) 35(18.6) 178 (94.6)
Presence 2(1.1) 8(4.3) 10 (5.4)
Total 145 (77.1) 43 (22.9) 188 (100)

Fig. 1. The panoramic radiograph (A) did not show the ERR lesion of the mandibular left

second molar. Arrows indicate ERR detected on the CBCT images (B: sagittal view; C: axial

view).
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Fig. 2. Arrows indicate ERR of the mandibular left second molar detected on the

panoramic radiograph (A) and CBCT images (B: sagittal; C: axial).

The frequency of ERR according to localization (upper or lower jaw) of the
second molar is summarized in Table 4. ERR was most frequent in lower second molars in
both panoramic radiographs (9 cases, Fisher exact test, P=0.0189) and CBCT images (30
cases, chi-square test, P=0.011). Figure 3 show a case of a rare maxillary ERR of the

sample.

Fig. 3. Detection of ERR in the maxillary right second molar: Panoramic radiography (A)

did not show the ERR lesion that was observed on CBCT images (B: sagittal; C: axial).
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Table 4. Cases of ERR according to the localization (upper or lower jaw) of the second

molar
Tooth position
Upper Lower
Presence
Imaging technique second molar second molar
of ERR
(%) (%)
No 90 (99) 88 (90.7)
Panoramic radiography
Yes 1(1) 9(9.3)*
No 78 (85.7) 67 (69)
CBCT
Yes 13 (14.3) 30 (31)*

*Statistically significant difference, Chi-square test

The presence of ERR in the second molar was more correlated with
mesioangular third molars than vertical third molars (two-proportion Z test; P=0.0195,
panoramic radiographs; P=0.0131, CBCT). However, mesioangular third molars had a
similar proportion of ERR in the second molar than horizontal third molars (P=0.9753,
panoramic radiographs; P=0.5325, CBCT). Horizontal third molars had a higher proportion
of ERR in the second molar than vertical third molars on CBCT images (P=0.0446) but not
on the panoramic radiographs (P=0.1229), as shown in Table 5. In general, mesioangular

and horizontally impacted third molars were most often associated with ERR.
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Table 5. Relative proportion

Winter’s classification).

of ERR according to the third molar inclination (modified

Panoramic radiographs CBCT images
Third molar inclination
(%) (%)
Mesioangular (n= 65) 7 (10.77)* 22 (33.85)*
Vertical (n=95) 2 (2.11) 16 (16.84)"
Horizontal (n=9) 1(11.11) 4 (44.44)
Distoangular (n=17) - 1 (5.88)
Transverse (n=2) - -
Total (n=188) 10 (5.32) 43 (22.87)

*Statistically significant difference with vertical inclination, two-proportion Z test

*Statistically significant difference with horizontal inclination

Simple logistic regression between ERR detected on CBCT and panoramic
images showed that the probability of detecting ERR on CBCT images is 16 times higher
(odds ratio 16.3; 95% confidence interval 3.32—-80.38; P=0.0006) when the ERR is also
diagnosed on panoramic radiographs. There is a 19.7% chance of detecting ERR on CBCT

when it is not seen on the panoramic radiographs.

Discussion

ERR on second molars is one of the complications associated with third molar

8121631 3nd it is believed that CBCT is an alternative method for detection and

impaction
assessment before deciding on extraction or maintenance of a third molar. Information on
the actual prevalence and the diagnostic possibilities of this pathologic condition are
needed so that oral surgeons can choose the best treatment modality. Furthermore, there
have been many publications on the application of CBCT, and evaluation of this three-

dimensional modality by comparing it with conventional methods is necessary.
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The correct diagnosis of dental impaction requires a detailed anamnesis,
clinical examination, and the use of complementary tests to ensure that correct treatment
decisions are made. A precise radiographic diagnosis is essential to evaluate the possible
outcomes related to unerupted third molars®’. In oral and maxillofacial surgery,
panoramic radiography is initially requested to assess unerupted third molars and to
estimate the risk of inferior alveolar nerve damage33. In addition, it can be used to
evaluate the presence of ERR, distal caries, and periodontal bone loss in second molars”.
However, this imaging modality, like all two-dimensional radiographs, involves several
potential sources of misinterpretation, such as image enlargement, distortion due to
projection errors, blurred images, and complex maxillofacial structures when projected

20,34

onto a two-dimensional plane®™". Intraoral images, such as periapical radiographs, are

also indicated to evaluate the integrity of the distal surface of the second molar®***. In
the present study, periapical radiographs were not performed to avoid further radiation
exposure and because they have the same constraints as panoramic imaging>".

Assessment of root resorption and changes in root surface morphology usually
requires three-dimensional information, especially at the early stages®. The present study
highlights the fact that the CBCT allowed validation of the relationship between the
second and third molars. In 35 cases, ERR of the second molars was observed in the CBCT
images but not in the panoramic radiographs. The two methods agreed on the ERR status
in only 8 cases (4.3%). Similar results were found by Algerban et al**ina study on canine
impaction. Comparing panoramic radiographs with two CBCT units, these authors
detected more lateral incisor root resorption using three-dimensional images. This could
be attributed to the fact the CBCT images provide diagnostic information in the sagittal,
axial, and coronal planes without overlap of structures; panoramic radiographs, on the
other hand, lack the third dimension.

In our study, based on CBCT images, 13 cases of ERR were associated with

maxillary second molars and 30 cases were associated with mandibular second molars,

giving a ratio of maxilla to mandible of 1:2.3. A higher number of cases of resorption in
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lower second molars was also found in similar studies using periapical radiographs® and
panoramic radiographss. Our results can be justified by the complex process of third molar
eruption, particularly the mandibular teeth. The factors related to impaction of third
molars are lack of space, limited skeletal growth, distal eruption of dentition, vertical
condylar growth, increased crown size, and late maturation of third molars**. Other
authors have attributed this high rate of impingement, especially in mandibular teeth, to
late formation and the phylogeny of the mandible, which result in lack of space for normal
eruption36.

Knutsson et al.? evaluated 666 patients before removal of mandibular third
molars and found that 548 patients had pathologic conditions associated with this
situation. Root resorption of the second molar was found on the radiographs of only 1% of
these cases (7 second molars). This prevalence is low in most studies ranging from <1% to
4.7%37, 0.3%6, 0.9%5, 1.4%4, and 7%°. Nemcovsky et al.”? found a higher prevalence of root
resorption (24.2%) in a sample of 186 periapical radiographs of third/second molars,
similar to the value in the present study on CBCT images (22.87%). Nemcovsky et al.?
believe that their choice of a sample of completely nonerupted third molars contributed
to this higher prevalence, because partially erupted teeth could extend the inflammatory
process to lower resistance areas without calcified tissues, thus reducing the pressure on
the roots of the second molar. In the present research, unlike the study of Nemcovsky et
al.’?, partially erupted third molars were included as well as completely nonerupted teeth.
Therefore, this criterion cannot be used to justify the higher prevalence of ERR on the
CBCT images in our study. We believe that the results of the present research can be
explained by the better diagnostic ability of CBCT images compared with two-dimensional
radiograph525'34.

The literature shows that the position and angulation of third molars have an
impact on the pathologies and symptoms associated with this condition®*. In the present

research, mesioangular and horizontal third molars were more associated with ERR on the

second molars, although the horizontal inclination is not so prevalent. These findings
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corroborate studies that evaluated this relationship on conventional radiographs®*2. The
mesial inclinations, mesioangular and horizontal, have a bigger area of contact between
the third and second molars, leading us to believe that the inflammatory process is more
severe and has a greater potential to damage the dental surface.

The presence of root caries lesions on the distal surface of the second molars
included in this research cannot be completely discounted. However, some signs are more
associated with caries lesions, such as the relation between radiolucency and the oral
environment and the presence of a gap between the third and second molars that favors

food retention’>®

. In addition, in a histologic study of 8 teeth diagnosed with ERR by
conventional intraoral radiographs, resorption was apparent histologically in all teeth®®.
The results of this study indicate that radiographic distinction between ERR and distal
caries on second molars in proximity to impacted third molars is generally reliable.

For many years, removing or retaining unerupted third molars has been a
subject of discussion in the dental literature. The decision to remove third molars
associated with pathologic changes is often straightforward6'12’36’38, but prophylactically
removing an asymptomatic third molar may not be an easy decision. The detrimental
effect on the adjacent second molar should be considered during the decision-making
processlz. We believe that when the diagnosis of ERR is confirmed, especially on CBCT
images, the oral surgeon should carefully evaluate the case and consider extraction of the
third molar followed by restoration, endodontic treatment of the second molar, or even
resection of the affected root, if necessarygl. However, in some cases, a thin layer of
dentin appears between the resorptive defect and the pulp or the apical locations of this

812 Fused roots or high trifurcation can also preclude root

defect make it unrestorable
resection®. In all these situations of severe resorption, especially those accompanied by
loss of periodontal support, extraction of the second molar and maintenance of the third
molar (spontaneous or active eruption) could be considered. CBCT images play an

important role in this treatment decision.
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One limitation of the present research is that ERR was diagnosed only by
radiographs and tomographs, without correlation with clinical or intraoperative
information. This was because direct visualization of the defect during and after extraction
of the third molar is difficult. In addition, for ethical reasons, the histopathological analysis
of the resorbed defects was not indicated. In order to provide better scientific evidence
for the conclusions in this study, longitudinal research must be conducted by evaluating
patients over time.

CBCT should not be used routinely for assessment of unerupted teeth in the
context of root resorption diagnosis, but it may be indicated when conventional intraoral
radiography does not supply adequate information®’. However, the use of CBCT for
localizing lower third molars in relation to the mandibular canal is well established in the
literature to improve surgical planning and inform the patient more adequately about the
risk of nerve damage40. Images acquired for that specific indication (relation between
canal and third molar root) may also be used to evaluate the integrity or resorption of the
distal surface of second molars. Using CBCT to provide the maximum data possible would
benefit patients and avoid additional radiation exposure.

According to our results and taking into consideration the three-dimensional
information obtained from CBCT, we found that a significantly higher number of cases of
ERR were detected by means of CBCT. The most common inclinations of third molars
associated with ERR in the second molar were mesioangular and horizontal. In conclusion,
when direct contact between the second molar and an unerupted mandibular third molar
is observed on panoramic radiographs, especially in mesioangular or horizontal third

molars, CBCT should be used to provide better evaluation of the case.
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Abstract

Objective: To investigate the presence of external root resorption (ERR) in second molars

adjacent to horizontally and mesioangularly impacted mandibular third molars by CBCT
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imaging. In addition, subject characteristics (age and sex) and third molar depth was

correlated with the presence of ERR.

Methods: The sample consisted of 116 scans: 58 were acquired on i-CAT classic and 58 on
Picasso-Trio. The sample included 70 women and 46 men with a mean age of 23.7 years.
Two observers recorded the presence of ERR in the second molars; the inclination and the
depth of third molars in relation to bone and soft tissues; and third molars classification
according to Pell & Gregory. The observers indicated the location and severity of ERR as
well. Data were analyzed by ANOVA, Mann-Whitney and chi-square tests. The Kappa test

was used to analyze the intra-observer agreement.

Results: Men and women presented with ERR in the same proportion (p = 0.9575). The
overall prevalence was 49.43%. There were no statistically significant differences in the
detection of ERR in images from both devices and between mesioangular and horizontal
inclinations (p> 0.05). The Kappa test showed excellent reproducibility values (Kappa =
0.7778). There was a lower proportion of affected individuals aged 14-24 years and ERR in

teeth adjacent to Class C third molars.

Conclusions: Mesially inclined third molars have a greater potential of being associated
with ERR in second molars, which was demonstrated by the high prevalence of the
condition in the overall sample. Class A and Class B third molars of patients over 24 years

were more associated with the presence of ERR in the adjacent teeth.

Introduction

The impaction of upper and lower third molars may be associated with breaks
in the integrity of the distal aspect of the adjacent second molar due to dental caries or
external root resorption (ERR).'™ Unlike carious lesions, ERR is usually asymptomatic and
aseptic, unless the pulp cavity has been involved or the lesion has been secondarily
infected.® The literature attributes the occurrence of this type of resorption to the

pressure from the impacted tooth. This pressure itself, with associated factors derived
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from the follicle that contribute to inflammation, is able to activate clastic cells
responsible for triggering resorption.2’7’8

Studies on periapical and panoramic radiographs have investigated the
presence of ERR in second molars adjacent to impacted third molars, and other

pathological conditions associated to such impacted teeth.’™°™*!

The majority of these
studies revealed a low prevalence of ERR in second molars (0.3 to 7 %).3”4'7’10 However, in
a previous study comparing Cone Beam CT (CBCT) and panoramic images, the detection of
ERR on second molars was 4.3 times greater when the three-dimensional images were
used. It has been proven that multiplanar images, which are free of overlapping, provide
more accurate diagnoses in relation to root resorption associated with impacted
teeth. ™"

It is known that the position and inclination of third molars predispose to the

development of pathological conditions.***

While the presence of a gap between retained
and adjacent teeth allows biofilm accumulation, and consequent development of carious
lesions,” direct contact between these teeth favors the occurrence of resorption.15
Although to date most studies revealed a low prevalence of resorption, it is believed that
horizontally and mesioangularly impacted third molars (i.e. larger contact surfaces) should

1,11,16

be associated with a higher frequency of ERR on second molars. The fact that those

were studies performed using bidimensional images and heterogeneous samples may be
adding bias to their findings.l’s""%m'11

Therefore, the aim of this research was to investigate the presence of ERR in
second molars adjacent to horizontally and mesioangularly impacted mandibular third
molars by CBCT imaging. In addition, subject characteristics (age and sex) and third molar

depth was correlated with the presence of ERR.

Materials and methods

The study protocol was reviewed and approved by the Institutional Review

Board of the University of Campinas, School of Dentistry at Piracicaba, Sdo Paulo, Brazil.
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A retrospective cross-sectional study was designed to evaluate CBCT images
from a dental radiology service database. A total of 217 CBCT scans of patients referred
for evaluation of third molars were available: 120 scans acquired using an i-CAT classic
unit (Imaging Sciences International, Hatfield, PA) and 97 on a Picasso-Trio unit (E-WOO
Technology, Giheung-gu, Republic of Korea). Scans to be included in the sample were
required to present a second molar adjacent to a horizontally or mesioangularly impacted
mandibular third molar in the FOV. Images of completely erupted third molars, impacted
teeth associated with cystic or tumor lesions, non-odontogenic tumors or bone defects
extending to the posterior mandible, third molars with less than 2/3 of root developed,
and/or second molars showing extensive carious lesions were excluded. The final sample
comprised CBCT scans of 70 women and 46 men, with a mean age of 23.7 years (range: 14
to 62 years).

Image acquisition protocols were standardized for each unit according to
manufacturer recommendations, as follows: i-CAT unit was set up at 120 kVp, 8 mA, 13 x
17 cm FOV and 0.25 mm voxel size; and the Picasso-Trio unit at 90 kVp, 5 mA, 8.5 x 12 cm
FOV, 0.2 mm voxel size and metal artifact reduction algorithm. All resulting images were
displayed on a 21-inch LCD monitor with a matrix resolution of 1280 x 1024. The
evaluations were performed in the proprietary software of each device: Xoran for i-CAT
(Xoran CAT, version 3.0.34, Xoran Technologies, Ann Arbor, Ml), and EZ3D for Picasso-Trio
(E-WOO Technology, Giheung-gu, Republic of Korea).

The images were coded and shown to the observers in random order, and
under dim-light conditions. The observers were two previously trained oral and
maxillofacial radiologists with at least 3 years of experience in CBCT diagnosis. They were
instructed to consider the presence of ERR on the second molar only when a clear loss of
substance could be detected on the root surface, as preconized by Al-Khateeb &
Bataineh.? Once detected, ERR was classified according to its location (cervical, middle or

apical root thirds) and severity (mild, moderate or severe). This last classification was
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based on Ericson et al. classification of slight (involving less than half the thickness dentin),
moderate (involving half of dentin or more) and severe (involving the pulp cavity).'®

The observers also indicated both inclination (mesioangular or horizontal) and
depth of the third molars, according to the classification of Winter and Pell & Gregory
respectively. According to Winter, a third molar crown is mesioangular when it is inclined
to the mesial with the long axis at an angle range 31-60° to the occlusal plane; and it is
horizontal when its axis is in a 0-30° angle to a tangent to the occlusal plane of the
adjacent teeth.!” Pell & Gregory categorize third molars according to their horizontal and
vertical positions regarding the mandibular ramus, amelocemental junction and the
occlusal plane of the second molar. In the present study, the following classes that
indicate the vertical position of the third molars were adopted: A - the third molar is near
the occlusal plane of the second molar, B - the third molar is located in a level between
the occlusal plane and amelocemental junction of the second molar, and C - the third
molar is below the amelocemental junction of the second molar. The depth of the third
molar was also classified in relation to bone and soft tissues. In this case the tooth could
be considered unerupted, when completely surrounded by bone tissue; or partially
erupted, when hidden by soft tissue or partially visible in the oral cavity.

All analyses and records were performed independently by each observer.
Disagreement between their answers was resolved by consensus in a second moment.
After 30 days, 36 scans were re-evaluated (18 for each device, corresponding to
approximately 20% of the total sample). Cohen’s kappa was used to calculate
intraobserver agreement (poor agreement, 0.40; moderate agreement, 0.40-0.59; good
agreement, 0.60-0.74; excellent agreement, 0.75-1.00). All numerical data was compared
by one way analysis of variance (ANOVA), in cases of normal distribution, and Mann-
Whitney, when a nonparametric test was required. Categorical data was compared by a
chi-square contingency test or goodness of fit chi-square test. The level of significance was

set at p < 0.05. Data analyses were performed using Prism (v. 6.0, GraphPad Software Inc.,
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La Jolla, CA) and BioEstat (v. 5.0, Manuel Ayres Software Informer, Belem, PA, Brazil)
software.

Results

Table 1 shows the distribution of tomographic images acquired in both CBCT
devices in relation to patients’ age and sex. It is observed that there was no statistically
significant difference between the devices considering the sex of individuals (chi-square, p
= 0.8495). The ANOVA revealed no differences between the ages of females and males (p

= 0.7861) and between equipment considering the same sex.

Table 1. Distribution of the sample (N) by sex and mean age (years) of individuals.

Female Male
CBCT

N (%) Mean age (SD) N (%) Mean age (SD)
i-CAT 36 (62.1) 23.0(8.3) 22 (37.9) 23.8(9.9)
Picasso-trio 34 (58.6) 23.5(5.8) 24 (41.4) 25.0(8.0)

Sex, Chi-square (p=0.8495); Age, ANOVA (p=0.7861).
SD: standard deviation.

The presence of the ERR on the second molars was analyzed in the samples of
58 patients (87 teeth) on each device (Table 2). The chi-square test revealed no
statistically significant difference between the devices, neither in relation to the number
of individuals (p = 1.000) nor teeth (p = 0.1724) affected by ERR. The Kappa test showed
excellent intraobserver values for both devices (K = 0.7778, p = 0.0004). In addition, there
was no statistically significant influence of the inclination of the third molar on the
incidence of ERR in the adjacent tooth (mesioangular n = 120, ERR n = 54, 45%; horizontal
n =54, ERR n = 32, 59.25%; chi-square test, p = 0.1149).
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Table 2. Prevalence of root resorption among individuals and teeth in each device, N (%).

i-CAT Picasso-trio Total

Patients Teeth Patients Teeth Patients Teeth

No 24(41.37) 49 (56.32) 23 (39.65) 39 (44.82) 47 (40.52) 88 (50.57)
ERR
Yes 34(58.63) 38 (43.68) 35 (60.35) 48 (55.18) 69 (59.48) 86 (49.43)

Chi-square test: p=1.000 (patients); p=0.1724 (teeth).

Since these results demonstrated similarities in the detection of ERR, as well as
similarity in the inclination/ERR relationship, all the data was pooled together for
subsequent analyses, considering a total of 174 teeth, in which 49.43% (n = 86) were
diagnosed with ERR.

Of the 70 women included in the study, 58.6% (n = 41) had ERR in at least one
tooth. Among men (n = 46) this proportion was 60.9% (n = 28), which is not statistically
different from the proportion found in women (chi-square, p = 0.9575). The Mann-
Whitney test was applied in order to determine the influence of age of the subjects on the
presence of the ERR. The median age of ERR cases was 22 (7) years, which did not differ
statistically from the median of 21 (5) years of individuals without ERR (p = 0.1606). On the
other hand, when the sample was divided into age groups, the goodness of fit chi-square
test revealed that the proportion of individuals affected by ERR at a younger age group

(14-24 years) was less than the other age groups (p < 0.0001) (Table 3).
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Table 3. Age distribution of the sample.

Age group N (%) ERR (%)
14-24 84 (100) 48 (57.1)*
25-35 24 (100) 16 (66.7)
36+ 8 (100) 5 (62.5)

*Chi-square test: p<0.0001

Among 174 third molars that had been included in the study sample, 147 were
classified as partially erupted and 27 as unerupted. In these two groups, 51.7 % (n = 76)
and 37.03 % (n = 10) of third molars were stimulating ERR on the adjacent teeth,
respectively. The chi-square test did not show a relation between the depth of the third
molar and the presence or absence of the RRE in second molars (p = 0.2335). However,
according to the classification of Pell & Gregory, teeth positioned in class C were less
associated with ERR in second molars when compared to other classes (p = 0.0047). The
teeth classified as A and B did not differ statistically (p = 0.0953) (Table 4). Although not
statistically associated with ERR, figure 1 shows two examples of class C third molars that

notably injured the adjacent second molar.

Table 4. Third molars distribution according to Pell & Gregory classification and ERR

3rd molar (Pell & Gregory)

A (%) B (%) C (%) Total (%)

No 13 (32.5) 38 (48,7) 37 (66,1) 88 (50.6)

o Yes 27 (67.5) 40 (51,3) 19 (33.9)* 86 (49.4)
Total 40 (100) 78 (100) 56 (100) 174 (100)

*Statistically significant difference from A and B (chi-square; p=0.0047)
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Figure 1. Two examples of notable ERR on right second molars, with adjacent

third molars in Pell & Gregory class C (below the cervical line of the adjacent
tooth). TCFC images Al (sagittal) and A2 (axial) were acquired in the i-CAT

device, images B1 and B2 in Picasso-trio.

There was significantly more slight resorption (p <0.0001), as well as
resorption located in the cervical third of the root (chi-square, p <0.0001). This
relationship can be appreciated in Table 5, as it shows that over half of the sample of

resorbed second molars (n = 49, 56.97%) presented both situations simultaneously.
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Table 5. ERR distribution according to its location and severity.

Location (root thirds)

Severity Cervical (%) Middle (%) Apical (%) Total
slight 49 (56.97) 15 (17.44) 1(1.17) 65 (75.58)*
Moderate 16 (18.61) 3(3.48) 0() 19 (22.09)
Severe 0(-) 2(2.33) 0(-) 2(2.33)
Total 65 (75.58)* 20 (23.25) 1(1.17) 86 (100)

* Statistically significant difference (chi-square; p<0.0001).
Discussion

The high prevalence of ERR lesions in the second molars included in this study

reinforces the theory that mesially inclined third molars have greater potential to be

1,11,16

associated with pathological conditions, such as root resorption. In addition, the

elevated detection rate found in this study may be due to the use of CBCT images, a

tridimensional modality, while previous studies were conducted on two-dimensional

2-4,7,10

images. Discrete ERR lesions, in early stages, usually are neglected on conventional

1,2,1 . .
219 |n fact, these discrete lesions were

radiographs due to the overlapping of structures.
the most frequently detected in the current and previous research studies.””®

Studies comparing two-dimensional radiographic imaging with CBCT for the
diagnosis of root resorption on incisors demonstrated the superiority of the latter, due to
elimination of overlapping of structures that inhibit the detection of root defects.'**
Several CBCT systems are currently available in different image acquisition parameters,
especially concerning the field of view (FOV), voxel size, kilovoltage peak (kVp) and

milliamperes (mA) protocols.’®?

It is known that the selection of these parameters
directly affects image quality, which can influence the diagnostic ability. As a general rule,
smaller voxel size and FOV provide images with higher spatial resolution and is considered
more suitable for the diagnosis of subtle changes, such as root resorption and root

23-25

fractures. The energy parameters of the radiation beam (kVp and mA) are determined
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according to the device and shall not exceed the limits that can significantly increase the

2627 However, very low values can impair the final image

radiation dose to the patient.
quality by increasing the noise.?® In this study, all patients were scanned according to the
School’s protocol and by following manufacturer’s recommendations. The standardization
of same parameters for different devices is an arduous task, since each system has a
specific configuration that should be followed depending on the case.’® For this study,
FOVs that included both ipsilateral maxillary and mandibular third molars, smallest voxel
size and the average energy factors recommended by the manufacturers were selected.
One should take into account the fact that the database was built with images of different
individuals. However, for ethical reasons related to patient exposure to ionizing radiation,
the same individuals could not be scanned on both devices at the same time. Although
there were inherent differences on the protocols adopted for each device, there was no
statistically significant difference in the detection of ERR. In fact, it allowed us to consider
the entire sample for subsequent analyses.

Over half the sample (59.48 %) presented with at least one adjacent second
molar resorbed by a mesioangularly or horizontally impacted third molar. The horizontal
inclination of the third molar is one of the least frequently encountered positioning in a

91129 The data available on this inclination usually comprise small samples that

population.
are often difficult to analyze. However, even with a reasonable increase of sample size in
this study (n = 54), horizontal third molars presented no statistically significant difference
in the presence of ERR in the second molar compared with mesioangular third molars.
This result suggests that the inflammatory process triggering resorption in second molars
may be similar in both situations. Moreover, a slightly larger contact surface between
teeth, as observed in horizontal impaction, may not represent an important component
for the occurrence of ERR in second molars.

The lack of space for eruption of the third molars is cited as a major cause for
impaction of these teeth, especially the mandibular third molars that appear often

14,30

overlapped by the second molars. Although studies have reported a higher frequency
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of ERR in second molars adjacent to impacted third molar in male subjects, it is unclear
whether the difference in size of the teeth and/or jaws may be an important factor for
these results.”” Nitzan et al. reported that sex hormones may have interfered in their
findings of a higher prevalence of ERR in second molars in men.” Our results correlating
sex and ERR does not contribute to this discussion, since men and women showed lesions
in the same proportion.

CBCT does not offer an adequate contrast resolution for a proper appreciation
of anatomical or pathological changes in the soft tissue; in addition, image noise can

decrease the outline definition of this tissue.>"3?

For this reason, in this study, the third
molars hidden by soft tissue and those partially visible in the oral cavity were grouped as
partially erupted. It was observed that there was no difference between unerupted
(completely surrounded by bone tissue) and partially erupted teeth regarding the
presence of ERR. However, when the depth of the third molar was classified according to
Pell & Gregory, class C third molars (located below the amelocemental junction of the
adjacent tooth) were less associated with the presence ERR in the second molar. Lesions
of ERR were more frequently detected in the cervical region of the second molars when
the third molars were more superiorly positioned (classes A and B). These findings
highlight the fact that the cervical portion of the root, i.e. amelocemental junction, is
more susceptible to the inflammatory process which culminates in ERR.” On the other
hand, Nemcovsky et al., who only evaluated completely unerupted third molars, reported
that the apical region of the adjacent second molar was the most susceptible to ERR
injuries.1 These authors also stated that the pressure on the periodontal ligament and
roots of the second molar is reduced when third molars are partially erupted.

Research has shown that the decision to maintain an asymptomatic impacted
third molar has increased the risk of periodontal disease in young adults and middle-aged

individuals.>3%°

The higher frequency of ERR lesions in individuals aged over 24 years
found in this study also draws attention to the possible risk of passive observation of

impacted third molars, a fact already reported in previous studies with conventional
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1,2,16,19,36,37

radiographs. The research published by Sarrafpour et al. indicates that eruptive
tooth movements do not cease with completion of root formation and closure of the
apex, which means that a retained tooth continues to exert pressure on the adjacent
tooth, therefore stimulating root resorption and/or its progression.38 However,
asymptomatic third molar removal represents a surgical procedure, with related cost and

3940 Unfortunately, there is not a consensus guideline for the

risk of complications.
management, either removal or active surveillance, of impacted third molars yet.*” A
systematic review published in the Cochrane database concluded that there is insufficient
scientific evidence to justify prophylactic removal of asymptomatic third molars.*
Contrarily, the American Association of Oral and Maxillofacial Surgeons (AAOMS) recently
published a guideline recommending the extraction of the asymptomatic third molars
based on clinical studies that investigated the occurrence and progression of lesions
related to impacted teeth.*”* The AAOMS also recommends that new studies should be
conducted in order to determine the prevalence of pathological conditions associated
with third molars and adjacent second molars. Longitudinal studies known as “Third
Molars Clinical Trials” have been encouraged and sponsored for this purpose.*

It is completely justifiable the continued interest of surgeons and researchers
on evidences to support the management of third molars. Based on the present results, it
should be suggested that: (1) mesially inclined third molars have a greater potential of
being associated with ERR in second molars, which was demonstrated by the high
prevalence of the condition (49.43%) in the overall sample; (2) there was no greater
predilection between mesioangularly or horizontally impacted third molar inclination in
inducing ERR on second molars; and (3) class A and B third molars of patients over 24
years were more associated with the presence of ERR in the adjacent teeth.
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CONSIDERAGOES GERAIS

Com o presente trabalho espera-se contribuir ndo somente com o diagndstico
da RRE associada a impactagdo dos terceiros molares, como também na resolu¢dao de uma
importante duvida clinica comum nos consultdrios odontoldgicos: a remogdo ou
manuten¢dao de um terceiro molar retido assintomatico. Essa questdao ainda é muito
discutida nos meios clinico e cientifico (Gomes et al.,, 2004). A dicotomia existente nas
opinides da Associacdo Americana de Cirurgides Bucomaxilofaciais, que recomenda a
remocao profildtica em individuos jovens para garantir o reparo ideal, e da Associacao
Americana de Saude Publica, que condena a exposicao de individuos a morbidade do
procedimento e a custos desnecessdrios, demonstra que esse assunto ainda necessita de

evidéncia cientifica (Nunn et al., 2013).

Os cirurgides dentistas conhecem os riscos e custos envolvidos nas cirurgias de
remocao de terceiros molares retidos. Problemas podem surgir por complicacdes
inflamatdrias, infec¢Ges trans ou pds-operatdrias, hemorragias, injurias transitérias ou
permanentes a estruturas anatébmicas (nervos ou dentes), defeitos periodontais, fraturas
mandibulares ou de tuberosidade maxilar e comunica¢des buco-sinusais persistentes.
Além do custo do tratamento cirurgico, deve-se também levar em consideracdo os custos
indiretos relacionados a possiveis perdas temporarias de produtividade no trabalho ou
escola (Dodson, 2012). Por esse motivo, os cirurgides dentistas devem avaliar os riscos e
beneficios do tratamento cirdrgico contrapondo-os aos riscos e custos adicionais da
manutencdo e acompanhamento do terceiro molar. A necessidade de um controle
clinico-radiografico periédico e a possibilidade de desenvolvimento tardio de uma
condicdo patoldgica na regido devem ser levadas em consideracdo e esclarecidas aos
pacientes nos quais optou-se pela manutencdo do dente. Além disso, um terceiro molar
assintomdtico ndo é necessariamente um dente livre de doenca (Dodson, 2012). Algumas
condicGes patoldgicas, como as reabsor¢des radiculares em dentes adjacentes, podem

surgir e progredir sem provocarem dor, edema ou limitacdo de movimento. Nesse
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contexto, destaca-se a importancia do diagndstico radiografico dos terceiros molares

nessa tomada de decisao.

Entretanto, o primeiro artigo apresentado nesta tese demonstrou que muitas
lesdes de RRE foram diagnosticadas somente no exame tomografico, ndo sendo
detectadas na radiografia panoramica. Ao confrontar esse resultado com as informacdes
expostas nos primeiros paragrafos desta sessdo, pode-se concluir que a opgao pela
realizacdo da TCFC é capaz de interferir diretamente na decisdo clinica, uma vez que a
deteccdo da doenca aponta para a terapia intervencionista. De maneira geral, as lesdes
de RRE sdo detectadas nas radiografias panoramicas como defeitos irreversiveis levando a
restauracdo, tratamento endodontico ou até mesmo a perda do dente reabsorvido. Por
meio da TCFC foi possivel a deteccdo das lesdes discretas em estdgios iniciais. Apesar de a
progressao dessas lesdes ser questiondvel (Nitzan et al., 1991; Nemcovsky et al., 1996),
acredita-se que a manutencdo do estimulo (dente impactado) contribua para a evolucao
da RRE (Girdler, 1990; Wang, 1990). Ja foi comprovado que os movimentos eruptivos ndo
cessam com o final da formacdo radicular (Sarrafpour et al., 2013), o que pode significar
gue terceiros molares impactados continuam exercendo pressdao nos dentes adjacentes,

até mesmo apds o desenvolvimento completo das raizes.

A auséncia da informacdo clinica (padrdao-ouro) representa uma limita¢do do
presente estudo. No entanto, as pesquisas de Algerban e colaboradores ja comprovaram
que a TCFC representa uma ferramenta confidvel e acurada para o diagndstico de
reabsor¢cdes em raizes de incisivos adjacentes a caninos retidos (Algerban et al., 2009,
Algerban et al, 2011). Os resultados desses estudos, que demonstram taxas de
concordancia superiores a 90% e auséncia de diferengas entre equipamentos, reforgam as

conclusdes da presente pesquisa.

A TCFC foi indicada no primeiro artigo principalmente para o diagndstico de
terceiros molares inferiores e inclinados para mesial, ou seja, nas situacdes onde as lesdes

de RRE em segundos molares foram mais frequentes. Neste momento, surge um
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guestionamento: Se a TCFC pode interferir na decisdo clinica, por que néo indicd-la para o
diagndstico de todos os terceiros molares retidos? Diretrizes internacionais de
radioprotecdo condenam a utilizacdo rotineira da TCFC para a avaliacdo de todos os
dentes retidos (SedentextCT Project, 2013). Apesar de a dose de radiagcdo emitida por
esses equipamentos ser substancialmente inferior aquela emitida por equipamentos de
TC, a indicagdao desses exames nao deve ser indiscriminada. Os pacientes devem ser
avaliados individualmente e a opcao pelo método bidimensional, de menor dose, deve ser

feita quando o mesmo fornecer informagdes suficientes.

A maior frequéncia das lesdes de RRE encontradas em dentes adjacentes a um
grupo de terceiros molares (inferiores e mesioinclinados) originou a proposta da segunda
etapa do estudo. Com o numero de dentes reabsorvidos passando de 43 (primeiro artigo)
para 86, envolvendo quase 50% da amostra, foi possivel a correlagdo com outras varidveis
gue ampliaram as conclusdes e agregaram novos dados aos critérios de indicacdo da TCFC
para terceiros molares retidos: pacientes com idade superior a 24 anos e com terceiros

molares em classes A e B de Pell & Gregory.

E importante ressaltar que estudos que investiguem a possibilidade de
progressao dessas lesdes de RRE sdo necessarios para que a condicdo seja compreendida
em sua totalidade. Nesse contexto, destaca-se a importancia dos estudos longitudinais
incentivados pela Associacdo Americana de Cirurgiées Bucomaxilofaciais, que tém
buscado dados clinicos e bioldgicos para embasar o tratamento de terceiros molares
retidos (White, 2007; Nunn et al., 2013). Recomendam-se, também, estudos que
investiguem a manutencdo do potencial de inducdo inflamatdria do foliculo pericoronario
e pesquisas envolvendo simulacdes biomecanicas acerca dos terceiros molares retidos,
para melhor compreensao da etiopatogenia da RRE em segundos molares. Por meio dos
estudos retrospectivos apresentados nos capitulos da presente tese, buscou-se fornecer
dados relativos ao diagndstico e prevaléncia dessa modalidade de reabsorcdo. Assim,

espera-se também contribuir para a definicdo dos protocolos de indicacao cirdrgica versus
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acompanhamento dos terceiros molares, bem como para as futuras publicacbes

relacionadas.
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CONCLUSAO

A prevaléncia da RRE em segundos molares encontrada na TCFC foi maior do que a

observada em radiografias panoramicas.

Terceiros molares inferiores e nas inclinagcdes mesioangular e horizontal estiveram

mais associados a presenca de RRE nos segundos molares.

Os terceiros molares pertencentes a pacientes mais velhos (idade superior a 24
anos) e em classes A e B de Pell & Gregory estiveram mais associados a presenca

da RRE nos dentes adjacentes.

A TCFC deve ser indicada para o diagndstico da RRE quando for observado um
contato direto entre o segundo e o terceiro molar inferiores na radiografia
panoramica, principalmente nos casos de impactagdes mesioangulares e
horizontais, em classes A e B de Pell & Gregory e de pacientes com idade superior a

24 anos.
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APENDICE 1: Metodologia detalhada

A presente pesquisa foi idealizada durante o curso de doutorado em
Radiologia Odontoldgica, fazendo parte da linha de pesquisa Métodos Avangados de
Imagens em Odontologia do grupo de pesquisa Imaginologia em Odontologia do
Programa de Pds-Graduagdo em Radiologia da FOP/UNICAMP. Os projetos de pesquisa
foram encaminhados ao Comité de Etica em pesquisa com seres humanos da instituic3o,
sendo aprovados com os Protocolos de nimeros 077/2011 (Anexo 1) e 103/2013 (Anexo

2).

O primeiro trabalho consistiu em um estudo retrospectivo que incluiu imagens
radiogréaficas e tomograficas de 111 pacientes pertencentes ao banco de imagens do
Curso de Pos-Graduagdo em Radiologia da FOP/UNICAMP. Todos os pacientes
selecionados submeteram-se a exames pré-operatdrios para avaliacdo de um ou mais
terceiros molares impactados. O banco de imagens mencionado é formado por
radiografias panoramicas digitais e tomografias computadorizadas de feixe conico (TCFC)
dos mesmos pacientes adquiridas nos equipamentos Ortopantomograph OP100D
(Instrumentarium Corp., Imaging Division, Tuusula, Finldndia) e i-CAT Classic (Imaging

Sciences International, Inc, Hatfield, PA, EUA), respectivamente.

Todas as imagens foram pré-avaliadas para confirmacao e registro da presenca
de um ou mais terceiros molares, bem como para avaliacdo da qualidade geral das
imagens. Dessa forma, foram incluidos no estudo os terceiros molares que apresentavam
pelo menos dois tercos de raiz formados (estdgio 8 de Nolla). Terceiros molares
completamente irrompidos ndo foram considerados nas avaliagdes. Além disso, foram
excluidas as radiografias e tomografias inadequadas para o diagndstico (p. ex: mau
posicionamento do paciente e artefatos de movimento). Nas imagens tomograficas, a
presenca de materiais de alta densidade pode produzir artefatos do tipo beam hardening.

Nas situacdes em que esses artefatos estiveram sobrepostos as raizes dos segundos
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molares, impedindo o correto diagndstico, as imagens foram excluidas. Foram também
eliminados os pacientes que apresentaram evidéncias radiograficas de lesdes intradsseas
(p. ex. cistos e tumores) associadas ou na regido dos terceiros molares e lesdes cariosas
extensas nos segundos molares. Aplicados os critérios de inclusdo e exclusdao, a amostra
final foi composta por 66 pacientes (25 homens e 41mulheres), com idades entre 15 e 76

anos (média 22.8), e 188 segundos/terceiros molares (91 superiores e 97 inferiores).

As radiografias panoramicas digitais foram obtidas no equipamento
Ortopantomograph OP100D operando com 66 kVP, 2,5 mA e com um tempo de exposi¢ao
de 17.6 s. As imagens foram exportadas do programa original do equipamento CliniView
software (Instrumentarium Corp., Imaging Division, Tuusula, Finland) em formato TIFF. Ja
as imagens tomograficas foram adquiridas no equipamento i-CAT Classic operando com
120 kVP, 8 mA, com tamanho de voxel de 0,25 mm e FOV (field of view = campo de visdo)
de 13 x 17 cm. Antes da aquisicdo tomografica definitiva foi obtido um scout” para cada
paciente, com intuito de assegurar que os terceiros molares superiores e inferiores
estivessem incluidos dentro dos limites do FOV preconizado. Apds a aquisi¢do, as imagens

foram exportadas no formato “xstd”.

Dois cirurgides-dentistas radiologistas, com pelo menos trés anos de
experiéncia com imagens de TCFC, atuaram como avaliadores no estudo. Para tal, as
radiografias panoramicas digitais foram importadas para o programa Imagel (National
Institutes of Health, USA) e as tomografias para o programa original do equipamento j-CAT
Classic (Xoran CAT, version 3.0.34, Xoran Technologies, Ann Arbor, Ml) instalado em um
computador independente daquele da aquisicdo. Os examinadores foram orientados a
avaliar e registrar a presenca ou auséncia de RRE na face distal do segundo molar
adjacente a um terceiro molar impactado, de acordo com o critério de Al-Khateeb &

Bataineh (2006), quando uma perda de substancia evidente foi detectada na raiz. As 20

«

Consiste na imagem inicial adquirida em um exame de tomografia computadorizada, semelhante a uma
radiografia cefalométrica em norma lateral, com a finalidade de orientar o posicionamento do paciente
dentro do FOV.
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primeiras imagens das duas modalidades foram avaliadas pelos dois examinadores ao
mesmo tempo, para que, nesse momento, fossem uniformizados os critérios de avaliagao
e solucionadas as duvidas com os pesquisadores envolvidos. Os demais exames foram
avaliados de maneira independente por cada avaliador, sendo avaliadas primeiramente
todas as radiografias panoramicas e posteriormente as imagens por TCFC, que foram
aleatorizadas de maneira distinta em cada modalidade. Os avaliadores foram

aconselhados a realizar a avaliacdo de 20 dentes por dia, de forma a evitar fadiga visual.

As avaliagdes ocorreram em condi¢des de baixa iluminagdo, em um mesmo
monitor LCD de 21 polegadas com resolucdo espacial de 1280 X 1024 pixels. Nas
radiografias panoramicas foram investigados, além da RRE no segundo molar, o
posicionamento/inclinagdo do terceiro molar adjacente de acordo com a classificagcdo
proposta por Winter (1926): vertical, mesioangular, distoangular, horizontal, transverso e
invertido. Por ndo haver terceiros molares em posicdo invertida, a denominacdo foi
eliminada da classificacdo final proposta pelo estudo, visando a simplificacdo dos dados.
Os avaliadores foram orientados a utilizar os escores (0) e (1) para a auséncia e presenca
de RRE, respectivamente, e escores de 1 a 5 para a inclinacdo do terceiro molar como

observado na Figura 1.

Nas imagens por TCFC a avaliagdo ocorreu de maneira dinamica no modo de
visualizagdo multiplanar (MPR), no qual os cortes axiais, sagitais e coronais foram
observados de maneira simultdanea. Os examinadores foram encorajados a utilizar as
ferramentas de giro da imagem, possibilitando o posicionamento das linhas de orientagao
do software de modo a favorecer a investigacdo da regido dos terceiros molares. Da
mesma forma, atribuiram-se escores de avaliacdo 0 e 1 para auséncia e presenca de RRE,

respectivamente.
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Figura 1: Demonstracdo das inclinacdes dos terceiros molares encontradas no estudo e os

respectivos escores atribuidos para cada uma delas (1l=vertical, 2=mesioangular,

3=horizontal, 4=distoangular, 5=transverso)

Tanto nas avaliagdes radiogréficas como nas tomogréficas foram permitidas
aos examinadores a manipulacdo de brilho, contraste, ampliacdo de imagem (zoom) e a
aplicacdo de filtros de realce ou suavizacdo de acordo com a preferéncia e experiéncia
pessoal. Tal conduta foi adotada com o objetivo de simular situa¢des da rotina clinica de
diagnodstico. Ao final dessa etapa, as avaliagdes foram comparadas e, nos casos em que
houve discordancia entre os avaliadores, tanto para o diagndstico da RRE quanto para a
inclinacdo dos terceiros molares, os mesmos discutiram seus achados e obtiveram um

consenso final.

Os escores finais atribuidos pelos avaliadores apds o consenso foram
tabulados utilizando o programa Microsoft Office Excel 2010 (Microsoft Corporation by

Impressa Systems, Santa Rosa, CA, EUA) e transferidos para o programa Systat 13.0
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(Cranes Software International, Chicago, IL, EUA) para andlise estatistica. O teste do qui-
quadrado foi utilizado para a comparagao entre presenga e auséncia de RRE em ambas as
modalidades de imagem. Utilizou-se o mesmo teste para confrontar a detec¢do de RRE na
panoramica e na TCFC. Uma tabela de contingéncia (2X2) com os dados de auséncia e
presenca de RRE em ambos os métodos foi elaborada com o objetivo de facilitar a
compreensdao dos dados. Para a analise da distribuicdo dos casos de RRE nos arcos
superior e inferior e investigacdo da possibilidade de associacdes estatisticamente
significantes foram utilizados os testes de qui-quadrado e exato de Fisher na dependéncia
do tamanho da amostra, com emprego do teste exato Fisher nas tabelas em que o qui-
guadrado ndo pode ser aplicado. As andlises das possiveis associacdes entre as inclinacdes
dos terceiros molares (classificacdo de Winter) e a presenca e auséncia de RRE foram
realizadas pelo teste Z para duas proporcdes, sendo os percentuais para cada inclinacdo
comparados dois a dois. A regressao logistica simples foi realizada para investigar a
possivel relacdo de dependéncia existente entre a deteccdo da RRE na radiografia
panoramica e na TCFC, bem como a chance de detec¢do da RRE nas duas modalidades de
maneira isolada e associada. O nivel de significancia adotado para todas as anadlises foi de

5%.

Para a segunda parte do estudo, que envolveu somente imagens de TCFC,
foram utilizados 217 exames tomograficos, também provenientes do banco de imagens da
instituicdo, adquiridos em dois diferentes equipamentos: 120 no equipamento i-CAT
Classic e 97 no Picasso trio (E-WOO Technology, Giheung-gu, Republic of Korea). Foram
incluidas nessa avaliacdo as tomografias que continham segundos molares adjacentes a
terceiros molares inferiores impactados nas posicdes mesioangular e horizontal. Da
mesma forma, foram excluidos do estudo os terceiros molares completamente
irrompidos, com menos de 2/3 de raiz formada e associados a lesdes cisticas ou tumorais.
Uma lesdo de carie extensa no segundo molar inferior também representou um critério de
exclusdo. As tomografias as quais a presenca de beam hardening prejudicou o diagndstico

ndo foram consideradas. Aplicados os critérios de inclusdo e exclusdao acima descritos, a
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amostra final foi composta por 116 tomografias, 58 adquiridas no i-CAT classic e 58 no

Picasso trio, sendo 70 mulheres e 46 homens com idades entre 14 e 62 anos (média 23,7).

Para o equipamento Picasso trio os parametros de exposicao e aquisi¢cao das
imagens foram 90 kVp, 5 mA, voxel de 0,20 mm, FOV de 8,5 x 12 cm e aplicacdo do
algoritmo para redugao de artefatos metadlicos. As imagens do j-CAT Classic foram
adquiridas de acordo com o protocolo ja descrito. As imagens foram avaliadas pelos
mesmos avaliadores, sob as condicdes técnicas e de calibracdo previamente relatadas, nos
softwares especificos para cada equipamento: o Xoran CAT para o i-CAT e o EZ3D (E-WOO

Technology, Giheung-gu, Republic of Korea) para o Picasso Trio.

Os examinadores registraram a auséncia ou presenca da RRE no segundo
molar, atribuindo os escores 0 e 1, respectivamente. Foi também apontado o terco
radicular no qual a lesdao de RRE se localizava em sua maior extensao: tergos cervical (1),
médio(2) ou apical(3). De acordo com o sistema proposto por Ericson et al. (2002), as
lesdes de RRE foram classificadas em relagdo ao grau de envolvimento da estrutura
radicular em: (1) Discreta — envolvendo menos da metade da espessura da dentina, (2)
Moderada — envolvendo a metade da dentina ou mais, sem comprometer a cavidade

pulpar, (3) Severa — caracterizada por envolvimento pulpar.

Também foram indicadas a inclinagdo dos terceiros molares (mesioangular ou
horizontal), conforme demonstrado na Figura 1 (escores 2 e 3), e a profundidade dos
mesmos de acordo com a classificacao de Pell & Gregory. A classificacdo de Pell & Gregory
categoriza os terceiros molares de acordo com as posicées horizontal (relagdo com o ramo
mandibular) e vertical (relagdo com a juncdo cemento-esmalte e plano oclusal do segundo
molar) (Almendros-Marqués et al., 2008). Foram utilizadas no presente estudo as classes

A, B e C, que apontam a posicdo vertical/profundidade dos terceiros molares (Figura 2).
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Figura 2. Imagens de TCFC ilustrando a classificacdo de Pell & Gregory relacionada a

profundidade vertical do terceiro molar: (A) o terceiro molar esta préximo ou ao nivel do
plano oclusal do segundo molar, (B) o terceiro molar esta entre o plano oclusal e a juncao
cemento-esmalte do segundo molar, (C) o terceiro molar estd sob a juncdo cemento-

esmalte do segundo molar

A localizacdo dos terceiros molares em relagdo aos tecidos dsseo e mole foi
também avaliada, sendo os mesmos classificados como semi-inclusos (escore = 0) ou
inclusos (escore=1). Neste estudo, um dente foi considerado incluso quando, durante a
avaliacdo tridimensional das imagens, os examinadores constataram que o mesmo estava
completamente encoberto por tecido dsseo. Nas situacGes onde os dentes estavam
parcialmente irrompidos na cavidade bucal ou encobertos por tecido mole, os mesmos

foram registrados como semi-inclusos.

Trinta dias apds o término das avaliacdes e obtencdo do consenso nos casos
de discordancia, 36 dentes foram reavaliados pelos dois examinadores, sendo 18 para
cada equipamento. Os dados dessa andlise foram comparados aos dados iniciais e
submetidos ao teste Kappa para a analise da concordancia intraobservador, levando-se
em consideracdo os valores de referéncia: 0.40 — concordancia fraca; 0.40-0.59 -
concordancia moderada; 0.60-0.74 — boa concordancia; 0.75-1.00 — concordéancia

excelente.
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Para a andlise estatistica foram utilizados os programas Prism 6.0 (GraphPad
software, Inc., La Jolla, CA, EUA) e BioEstat 5.0 (Manuel Ayres Software Informer,
Belem/PA, Brasil). O nivel de significdncia adotado foi de 5%. Os dados numéricos
relacionados a idade dos individuos foram submetidos ao teste ANOVA nas situa¢des de
normalidade. O teste Mann-Whitney foi utilizado quando o teste paramétrico ndo pode
ser aplicado. Ja os testes de qui-quadrado em tabelas de contingéncia e qui-quadrado de
aderéncia foram utilizados para avaliar a associacdo existente entre as varidveis
qualitativas: (1) presen¢a e auséncia da RRE, (2) inclinagdo dos terceiros molares, (3)
Classes de Pell & Gregory, (4) profundidade dos terceiros molares em relagdo aos tecidos
dsseo e mole, (5) localizacdo das lesGes de RRE e (6) severidade das lesdes de RRE. Em
tabelas de contingéncia, o teste de qui-quadrado buscou as possiveis divergéncias entre as
frequéncias observadas e esperadas para os eventos. O teste de qui-quadrado de
aderéncia para propor¢bes esperadas desiguais verificou se as varidveis em estudo

exercem influéncia na distribuicdo de um determinado evento.

REFERENCIAS

1. Al-Khateeb TH, Bataineh AB. Pathology associated with impacted mandibular third
molars in a group of Jordanians. J Oral Maxillofac Surg. 2006, 64: 1598-1602.

2. Almendros-Marqués N, Berini-Aytés L, Gay-Escoda C. Evaluation of intraexaminer
and interexaminer agreement on classifying lower third molars according to the
systems of Pell and Gregory and of Winter. J Oral Maxillofac Surg. 2008; 66: 893-
899.

3. Ericson, S., Bjerklin, K. & Falahat, B. Does the canine dental follicle cause
resorption of permanent incisor roots? A computed tomographic study of

erupting maxillary canines. Angle Orthod. 2002, 72: 95-104.

4. Winter GB, ed. Principles of exodontia as applied to the impacted third molar. St

Louis: American medical Books, 1926.

62



Aprovacgao do Protocolo de Pesquisa pelo CEP da FOP-UNICAMP (Artigo 1)

ANEXO 1

dWWYIINN/dO4/d3D dWVYDINN/dO4/d3D
JOPEURPI00D elIZa02s

Jojun abJog syoer *ig *Joid Blnuaj ojepuy euep AT "

YZY i 17 R

eiQ 'eJ0.d

*110Z/£0/80 18 9anIWwod S|y} Aq paroidde sem a10ja.1ay)
pue spalgns uewny ui YoJeasal 10j [izeig JO YyeaH Jo Afsiulp] - |PUno) Yl|eSH [RUOREN 3U3 JO SUOIBPUSLWILIOI3] 3Y} L3IMm
Aldwoo ‘ope.d 24944 0blipoy pue saAsN oledwes 0d149pald ‘019N Ja1leH odspueld ‘BujuusQ B1S0D) 3ujjodeD) SuUY ‘dedus|y
esoqg.leg edienbop adi||iud Jo '1107//Z0 Jequnu Ja3siba. /, sabeun Aydelbolwuo) paindwod weaq sauod pue ydeiboiped
swesoued Buisn siejow ptiy3l pajpedwl yim pajeposse uoljdiosqeal Jejow puodas Jo jJuawssassy, 1oaloid
ayy 1eyy Ajuao ‘seurdwe) Jo AjISIaAlun )RS - BgeIDRld JO ANSHUSQ JO [00UIS DUY JO U2Ieasay Ul 2apiwwo) SoIylg ayl

"110Z/80/€0
wa P)wao )se Jod opeaosde 10) @ souewny SaJes wa sesinbsad se eled apnes ep oLBISIUIL - BPNES 8P [UODEN OY[BSu0)
op sepuxbixo se zejsnes ‘opedd 241914 0bLIpoY 9 SoASN oledwes 021epaJd ‘039N JSlleH odsPueld ‘BujuusQ e350D BuljoseD
suuy ‘Jedus|y esoqueg edienbon adi|iyd seJopesinbsad sop ‘1102/440 ou ojo20j04d ‘,021uQd aX19) ap seyeisbowol
9 seojwesoued seyelfolpes ap o1dw tod sopepedw Saiejowl S0413049) B BpEDOSSE Salejow sopunbas wa
elLiEjuap oeslosqeal ep opmys3, esinbsad ap oeloid o anb eaynI dWVYIINN-dO4 ep esinbsad wa €303 3p IWo) O

OAdVvOIdI1d3D

vSINOS3d W3 VOIld 3d JLIWOD

SYNIdWVD 3d TYNAv.lsS3 3AaVvAISHIAINN 01
vaVvIIDViId 34 VIS0TOLNOQO 34 3avaindvd N

63



ANEXO 2: Aprovacao do Protocolo de Pesquisa pelo CEP da FOP-UNICAMP (Artigo 2)
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ANEXO 3: Carta de confirmacdo da submissdo do artigo intitulado “External root
resorption of the second molar associated with third molar impaction: comparison of
panoramic radiography and cone beam computed tomography” ao periddico

International Journal of Oral and Maxillofacial Surgery.

A manuscript number has been assigned to External root resorption of the
second molar associated with third molar impaction: comparison of panoramic

radiography and cone beam computed tomography
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Inter national Journal of Oral & Maxillofacial Surgery <IJOMS@elsevier.com> Frni, May 17, 2013 at 8:09 AM
To: anne.cenning@gmail.com

Ms. Rel. No.: IJOMS-D-13-00402

Title: External rool resorplion of the second molar associaled with third molar impaction: comparison of panoramic
radiography and cone beam compuled tomography

Intemational Journal of Oral & Maxillofacial Surgery

Dear Mrs. Oenning,

Your submission entitlied “External root resorption of the second molar associated with third molar impaction:
comparison of panoramic radiography and cone beam computed lomography” has been assigned the following
manuscripl number: 1IJOMS-D-13-00402.

You may chack on the progress of your paper by logging on o the Hsevier Editorial Syslem as an author. The
URL is hitp://ees.elsevier.com/goms/. Your usemame is Your usemame is:

If you need to refrieve password delails,

sease go o: [
Thank you for submitting your work lo this journal,

Kind regards,

Jacqui Merrison

Editorial Office
International Journal of Oral & Maxilofacial Surgery
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