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RESUMO

Objetivo. Correlacionar diferentes variaveis identificadas radiograficamente por
Tomografia Computadorizada de Feixe Conico (TCFC) com fraturas radiculares em
dentes tratados endodonticamente. Materiais e Métodos. A amostra foi composta por
arquivos digitais de TCFC de dentes, obtidas com o tomégrafo Eagle V-Beam (Dabi
Atlante, Ribeirdo Preto, SP, Brasil), de pacientes diagnosticados com fratura radicular,
conforme atestado por um radiologista. Foram incluidos 41 exames, e as analises
realizadas com o software OnDemand 3D Dental (OnDemandeDApp 1.0.9.2225;
Cybermed, Inc, Coreia do Sul). Os parametros mensurados incluiram extensao da
fratura, classificagao da fratura (horizontal, vertical, obliqua), qual raiz foi afetada, tergo
do canal, presenca de retentor intrarradicular, presenca de area hipodensa, diametro
do canal e da raiz, area do canal e da raiz, e propor¢ao do canal alargado em relagéo
a raiz. Resultados. O tipo mais frequente de fratura radicular foi a obliqua (60%),
seguido pelo vertical (36,7%) e horizontal (3,3%). Em relagao a proporgéo da area do
canal preparado em relagao a area da raiz, a média foi de 31,05%, com um minimo
de 11,62% e um maximo de 63,13%. Quanto aos tipos de fraturas, as fraturas obliquas
(60,0%) e verticais (36,7%) foram significativamente mais comuns do que as fraturas
horizontais (3,3%) (p < 0,05). Conclusdao. As fraturas obliquas foram
significativamente mais prevalentes, ocorrendo em aproximadamente dois tergos dos
casos. Os molares foram os dentes predominantemente afetados, representando um
pouco mais da metade dos casos. A maioria das fraturas se estendeu por mais de um
terco do comprimento da raiz. Por fim, os resultados sugerem que a area do canal
preparado nao deve exceder um terco do diametro da raiz para prevenir a ocorréncia
de fraturas radiculares.

Palavras-chave: fratura radicular, TCFC, tratamento endodbntico



ABSTRACT

Aim. To correlate different variables identified radiographically by Cone Beam
Computed Tomography (CBCT) with root fractures in endodontically treated teeth.
Materials and Methods. The sample consisted of digital files of CBCT scans of teeth
obtained using the Eagle V-Beam tomograph (Dabi Atlante, Ribeirdo Preto, SP, Brazil)
from patients diagnosed with root fractures, as confirmed by a radiologist. A total of 41
scans were included, and the analyses conducted with the OnDemand 3D Dental
software (OnDemandeDApp 1.0.9.2225; Cybermed, Inc, South Korea). The measured
parameters included fracture extent, fracture classification (horizontal, vertical,
oblique), which root was affected, canal third, presence of intraradicular retainer,
presence of hypodense area, canal and root diameter, canal and root area, and ratio
of widened canal to root. Result. The most frequent type of root fracture was oblique
(60%), followed by vertical (36.7%) and horizontal (3.3%). Regarding the proportion of
prepared canal area to root area, the mean was 31.05%, with a minimum of 11.62%
and a maximum of 63.13%. Concerning fracture types, oblique (60.0%) and vertical
(36.7%) fractures were significantly more common than horizontal fractures (3.3%) (p
< 0.05). Conclusion. Oblique fractures were significantly more prevalent, occurring in
approximately two-thirds of cases. Molars were the predominantly affected teeth,
accounting for just over half of the cases. The majority of fractures extended over more
than one-third of the root length. Finally, the results suggest that the prepared canal
area should not exceed one-third of the root diameter to prevent the occurrence of root
fractures.

Keywords: root fracture, CBCT, endodontic treatment
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1. INTRODUGAO E REVISAO DE LITERATURA

1.1 DENIFNIGAO E CLASSIFICAGAO DAS FRATURAS RADICULARES

As fraturas radiculares envolvem danos no cemento, dentina e polpa
(RANKAet al., 2012; SALINEIRO et al., 2017; KRASTL et al., 2021). Estas fraturas
iniciam quando um estresse aplicado sobre a raiz excede a forga intrinseca do tecido
dentinario (XU et al., 2021). O prognéstico das fraturas radiculares é geralmente
desfavoravel, mas fatores como localizacdo da fratura, o tipo e distancia entre os
fragmentos podem influenciar de maneira significativa o status pulpar (DOGAN et al.,
2018).

Quando ocorre uma fratura radicular, os tecidos duros do dente (dentina e
cemento) se rompem, enquanto o tecido pulpar pode sofrer uma série de injurias,
dependendo se o fragmento coronario da raiz foi deslocado ou ndo (ABBOTT, 2019).
Linha de fraturas radiculares comunicam com a cavidade oral através do ligamento
periodontal, que pode ser via de entrada para microrganismos. Além disso, o
suprimento sanguineo da polpa pode ser alterado e resultar em uma necrose pulpar
(LEE et al., 2021).

As fraturas radiculares podem ser completas ou incompletas e podem se
estender ao longo raiz dentaria, em algumas situagbes, da polpa para o ligamento
periodontal (WANG et al, 2010). Baseado em imagens de tomografia
computadorizada de feixe cbnico as fraturas podem ser classificadas em: horizontal,
vertical ou obliqua. Conforme a localizacado na raiz as fraturas radiculares podem ser
definidas como fratura no tergo cervical, médio ou apical (BUENO et al., 2021;
MIZUHASHI et al., 2021). Existe ainda uma classificagdo de fraturas segundo a
etiologia como aguda, que sao fraturas decorrentes de traumatismos ou fraturas
crbénicas, que sao aquelas decorrentes de fatores que podem contribuir de maneira
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significativa para a fratura dentaria como habitos parafuncionais, dentes com

restauracdes extensas e tratamento endodéntico (POPESCU et al., 2017).

1.1.1  Fratura radicular vertical (FRV)

A FRV é longitudinal (sentido axial) envolve cemento e dentina e pode ser
classificada como incompleta quando apenas um lado da raiz € comprometido ou
completa quando estende ao lado oposto da raiz (PATEL et al., 2022). A prevaléncia
desse tipo de fratura varia de 3.69% a 31.50% (YOSHINO et al., 2015; SILVA et al.,
2020). Normalmente inicia na parede interna do canal radicular e se propaga a para
superficie externa da raiz, na maioria das vezes no sentido vestibulolingual
(GHAZIZADEH et al., 2020; GULIBIRE et al., 2021). Com base no exame tomografico,
ha autores que classificam as FRVs em: com deslocamento, sutil e oculta. As FRV
com deslocamento sdo fraturas que ha deslocamento 6bvio dos segmentos, a FRV
sutil sdo fraturas incompletas, estreitas e finas, sem separagao ébvia do fragmento e
FRV oculta séo as que nao demonstram clareza (GAO et al., 2021)

De acordo com PATEL et al. (2022), a patogénese da FRYV inicia a partir de
uma microtrinca, que se propaga devido a alguns fatores como forga oclusal, habitos
parafuncionais, em alguns casos em um dente ja fragilizado por perda de estrutura
seja por carie, necessidade de tratamento endoddntico ou reabilitagéo protética. Em
casos avangados ocorre a separagdo dos fragmentos, apés um periodo de carga
ciclica prolongada, sendo via de entrada para microrganismos e o local da fratura
proporciona um ambiente favoravel para formacgao de biofilme.

Esse tipo de fratura normalmente ocorre em dentes tratados
endodonticamente, no entanto, também ha relatos em dentes vitais, sendo que nesses
casos pode ocorrer um diagndstico equivocado, pois esse tipo de fratura pode

simular doenga periodontal ou endodéntica (LIAO et al., 2021).



A inflamagao no tecido periodontal adjacente se inicia imediatamente devido
a contaminacao por bactérias da cavidade oral, contribuindo para perda 6ssea lateral,
com a formacgao de tecido de granulagéo, defeito ésseo nas proximidades da fratura
e mobilidade dentaria. No entanto, ndo ha um sinal patognomoénico clinico e
radiografico desse tipo de fratura (FREITAS et al., 2018; GUO et al., 2019;
QUINTERO-ALVARES et al.,2021).

Alguns grupos dentarios e tipos de raizes sdo mais propensos a FRV: raizes
com didmetro oval no sentido vestibulolingual, como em pré-molares superiores e
inferiores, raiz mesiovestibular de molares superiores e mesial de molares inferiores
sdo mais suscetiveis a sofrer FRV (HAUEISEN et al., 2013). A detecgao desse tipo de
fratura é desafiante, sendo necessario correlacionar o exame clinico com radiografico,
sendo que em alguns casos é necessario cirurgia exploratéria (QUINTERO-ALVAREZ
et al., 2021; HEKMATIAN et al., 2018).

Devido ao fato desse tipo de fratura ser mais prevalente em dentes tratados
endodonticamente, algumas medidas preventivas tém sido preconizadas para evita-
la, dentre as quais se destacam: aberturas coronarias mais conservadoras, evitar
preparos com instrumentos de grande conicidade nos canais radiculares, reforgar o
uso de placas de bruxismo para pacientes que possuem habitos parafuncionais
(BAAGEEL et al., 2016).

E importante diferenciar a FRV de outras condicdes clinicas semelhantes, no
entanto, a acuracia diagnostica através de radiografias € muito dificil, pois depende
da apropriada angulagcdo do feixe de raios X e contraste, devido as limitagdes
impostas pela radiografia convencional, TCFC tem sido proposto para auxiliar no

diagndstico (KHASNIS et al., 2014).



1.1.2 Fratura radicular horizontal (FRH)

As FRH podem ser definidas conforme a direcdo como uma linha que se
estende transversalmente ou obliquamente perpendicular ao longo eixo do dente
(LIAO et al., 2022). Essas fraturas sdo também chamadas intra-alveolares, podendo
acometer qualquer tergo da raiz (GIRELLI et al., 2020). Normalmente o ter¢co médio
da raiz € o mais acometido, principalmente em casos que o fator etiolégico é de
natureza traumatica, sendo que o incisivo central superior possui maior chance de ser
afetado devido a posigao que ocupa no arco dentario (TAORI et al., 2022). As fraturas
radiculares horizontais, possuem uma frequéncia relativa de ocorréncia de 57% no
terco médio da raiz, seguido de 34% no tergo apical e os incisivos centrais possuem
uma frequéncia de 95% desta ocorréncia (ANANTULA et al., 2021). Esse tipo de
fratura em comparagdo com FRV possui uma incidéncia de 0,5%-7% (MAY etal.,
2013).

O diagnéstico das FRH, também s&o considerados desafiantes,
principalmente devido artefatos e sobreposicdo de estruturas anatébmicas
(SALINEIRO et al., 2015). Alguns fatores como estagio do desenvolvimento da raiz,
grau de separagao entreos fragmentos, mobilidade e condigdes de vitalidade da polpa
podem interferir no sucesso do tratamento (KAUR et al., 2018; ANANTULA et al.,
2021).

As FRH podem ser visualizadas também em dentes posteriores, com fator
etioldgico de trauma indireto, no entanto, outros fatores como habitos parafuncionais,
trauma oclusal, caries dentarias extensas e iatrogenias podem contribuir para a
ocorréncia (MALHOTRA et al., 2011; WANG et al., 2011). As fraturas horizontais
no terco médio e apical, nem sempre sdo sintomaticas e podem ser descobertas
através de achados em exames, ou em algumas situagdes o paciente pode relatar dor

durante a mastigacdo. Dependendo do grau de gravidade da fratura pode ocorrer
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mobilidade do elemento dentario (GIUDICE et al., 2018).

As radiografias periapicais e panoramicas, possuem limitagdes frente a esse
tipo de fratura, pois se o feixe de raios X, ndo passa diretamente na linha de fratura,
a mesma nao podera ser visualizada. Além disso, outros fatores como a espessura de
separacgao entre os fragmentos e sobreposi¢ao de estruturas podem comprometer a
visualizagdo em exames bidimensionais (MAY et al., 2013).

E importante ressaltar que s&o necessarias varias tomadas radiogréaficas, em
diferentes angulos, para maiores chances de diagndstico, sendo que a TCFC é um
método que contorna as limitagdes impostas pelas radiografias, fornecendo imagens
no plano axial, sagital e coronal, produzindo imagens com menor dose de radiagao
comparadas a TC (AVSEVER et al., 2014). No entanto, a TCFC também possui
algumas limitagbes no diagnédstico desse tipo de fratura, principalmente quando ha
estruturas de alta densidade como retentores intrarradiculares metélicos e material
obturador (COSTA et al., 2011).

TSAI et al. (2017) descreveram as caracteristicas clinicas e radiograficas de
fraturas radiculares horizontais em dentes posteriores com e sem histoérico de trauma.
Foram investigados 24 pacientes de 2006 a 2015, com histérico de trauma e

31 com FRH em 28 dentes posteriores. A idade predominante dos pacientes
acometidos foram de 50 a 70 anos (75%), a maioria das fraturas foram encontradas
em dentes ndo tratados endodonticamente (79%), sem coroa e restauragdes amplas
(82%), ainda foi constado diagndstico inadequado de periodontite crénica em (92%)

dos pacientes.

1.2 CAUSAS DE FRATURA RADICULAR

As causas de fraturas radiculares estdo relacionadas a procedimentos

endodénticos, protéticos e traumatismos (MIZUHASHI et al., 2021). Estudos apontam
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uma correlacdo de fatores associados ao tratamento endoddntico e protéticos com
a ocorréncia de FRV, dentre as principais causas se destacamsobreinstrumentacgao,
forca excessiva durante a condensagcao lateral, preparo para retentores
intrarradiculares (LIAO et al., 2017).

De acordo com PATEL et al. (2022) a etiologia das FRVs é multifatorial, mas
podem ser divididas em duas categorias: a de fatores predisponentes e fatores
contribuintes. Dentre os fatores predisponentes sio citados fatores relacionados a
integridade estrutural dos dentes, fraturas e microtrincas preexistentes, tratamentos
restauradores extensos, habitos parafuncionais, a localizagcao das forgas oclusais,
sendo que dentes posteriores sao mais propensos a FRV do que anteriores, além
disso sdo mencionados a morfologia do canal radicular e anatomia. Dentre osfatores
contribuintes, os autores mencionaram o tratamento endodbéntico e tratamento
restaurador.

Durante o preparo quimico-mecanico ocorre uma remog¢ao significativa de
estrutura dentinaria, para que ocorra um debridamento das paredes do canal radicular
e melhore a eficacia da irrigagdo, no entanto, diversos defeitos dentinarios como
microtrincas e linhas de fraturas podem ser induzidos durante essa fase do tratamento
(SHEMESH et al., 2009; MUNARI et al., 2019; CAMPELLO et al., 2021).

DA SILVA et al. (2020), demonstraram em um estudo a influéncia do pré-
alargamento cervical na resisténcia a fratura de dentes tratados endodonticamente.
Uma amostra de 44 incisivos inferiores foi dividida em 4 grupos: sem pré alargamento,
pré-alargamento com Gates-Gliden 2 e 3, pré-alargamento com instrumento 25.07
WXN (Navegador; MEDIN, Nové Mésto na Moravé, Republica Tcheca), pré-
alargamento com o instrumento 25.08 (Easy, Equipamentos Odontolégicos-Belo
Horizonte). O pré-alargamento cervical reduz a espessura dentinaria e aumentou o

volume dos canais em todos os grupos em 3 mm a 5 mm, o



pré-alargamento com Gattes-Gliden reduziu significativamente a resisténcia a
fraturados dentes (p<0,05), os demais grupos nédo houve diferenca.

YILDIZ et al. (2021), verificaram a influéncia do taper e tamanho do preparo
apical durante o preparo quimico mecanico na resisténcia a fratura radicular de 84
incisivos inferiores extraidos. Os dentes foram divididos em 7 grupos: controle (sem
preparo), 25/0.04, 25/0.06, 25/0.08, 30/0.04, 30/0.06, 30/0.08. A resisténcia a fratura
foi realizada através de um ensaio mecanico e foi constatado que a selecao por taper
maior pode contribuir para fraturas radiculares, sendo encontradas diferencas
significativas entre os grupos 25/0.04 e 25/0.08; 30/0.04 e 30/0.08; e 25/0.08 e
30/0.04. Mudancas no taper de 0.04 para 0.08 sem modificar o diametro do preparo
apical influenciou de maneira significativa para redugao da resisténcia a fratura. Os
grupos 25/0.08 e 30/0.08 demonstraram menor resisténcia a fratura, devido ao fato de
maior remoc¢ao de estrutura dentinaria e o fato das limas com maior taperpossuirem
maior rigidez, ocasionando maiores modificagées na morfologia do canal radicular.

De acordo com CHAI & TAMSE (2018,) as forgas excessivas durante a
compactagao da guta-percha € um fator etiolégico de fraturas verticais radiculares
em pré-molares superiores, principalmente devido a caracteristica anatbémica
complexa desses dentes, sendo mais predominante na raiz vestibular.

Os habitos parafuncionais também s&o apontados como fator predisponente
para fratura radicular em dentes tratados endodonticamente, devido a mudanga do
mecanismo de propriocepcado desses dentes ha uma reducdo da capacidade de
resposta a cargas mastigatorias e habitos parafuncionais (GARCIA-GUERRERO et

al., 2021).



1.3 FRATURA EM DENTES TRATADOS ENDODONTICAMENTE

O tratamento endodéntico pode enfraquecer a estrutura dentaria devido a
remogao de tecido dentinario durante as fases de abertura e modelagem dos canais
radiculares (TIEPO et al., 2017). Diversos estudos avaliaram qual material restaurador
proporciona melhor distribuicdo de forgas e maior resisténcia a fratura radicular apos
o tratamento, por exemplo os retentores de fibra de vidro tém sido mais utilizados em
comparagao com os retentores metalicos, por possuirem um modulo de elasticidade
similar da dentina e distribuir uniformemente as tensdes sobre as estruturas dentarias
(HARALUR et al., 2018; OZTURK et al., 2019). A fratura radicular vertical ¢ a terceira
causa mais comum de extra¢des em dentes tratados endodonticamente (KHASNIS et
al., 2014).

Nos dentes tratados endodonticamente a perda de integridade estrutural e
fatores pré-existentes, como lesdes cariosas extensas sao fatores relevantes. Desse
modo, é importante que seja investigado nesses dentes a presenga de contatos
prematuros, se o paciente possui habitos parafuncionais, para evitar possiveis fraturas
radiculares (PATEL et al., 2022). Além disso a escolha inadequada do tamanho do
retentor intrarradicular, a remocao excessiva de tecido dentinario para insercdo de
retentores séo fatores etioldgicos para fratura radicular vertical nos dentes tratados
endodonticamente (KAJAN et al., 2018).

As solugbes irrigadoras utilizadas durante o preparo quimico-mecanico, como
hipoclorito de sédio e EDTA, podem contribuir para alteragdes estruturais na dentina,
reduzindo a forca flexural, médulo de elasticidade e dureza, aumentando os riscos
de fraturas radiculares (BELLI et al., 2014)

UZUNOGLU et al. (2016), avaliaram a influéncia de 4 regimes finais de
irrigacdo nos valores de resisténcia a fratura radicular de dentes tratados

endodonticamente. Foram utilizados 80 incisivos inferiores, 10 raizes utilizadas



como controle negativo e o restante preparadas com Protaper F2. Desses
dentes, 10 foram utilizados como controle positivo e os demais (n = 60) foram divididas
nos grupos de acordo com o protocolo de irrigagdo: 5 mL solugao salina, EDTA 17%,
EDTA com surfactante, clorexidina, QMix e MTAD. Os dentes irrigados com EDTA
com surfactante e QMix mostraram maiores fraturas radiculares verticais, em
comparagao ao grupo controle positivo (p<0,05). Os dentes expostos a clorexidina e
MTAD, mostraram menores fraturas radiculares verticais em comparagdo ao grupo
controle negativo (p<0,05). A exposi¢ao a solu¢gées como QMix e EDTA contribuiram
para maiores taxas de fraturas radiculares.

KARYGIANNI et al. (2013) avaliaram o impacto do retratamento convencional
eretratamento cirurgico na ocorréncia de fratura radicular vertical. Durante um periodo
de 13 anos, foram extraidos 200 dentes retratados endodonticamente, de 192
pacientes com FRV. A maioria dos dentes com FRV (62.31%) passaram por uma
combinagdo de retratamento convencional e cirurgia perirradicular, mulheres
apresentaram mais FRV (64.6%) em comparacédo aos homens (35.94%), e a média
de idade foi de 51.1 e 55.1, sendo que essa diferencga para idade foi estatisticamente
significativa. Primeiros e segundos pré-molares restaurados com resina composta e

sem retentor intrarradicular foram mais susceptiveis a FRV.

Em um estudo de CICEK et al. (2015), foi comparado a resisténcia a fratura
radicular vertical de 72 pré-molares inferiores instrumentados com os seguintes
instrumentos: Protaper universal, Protaper Next, Wave one, Twisted File, Mtwo e Revo
S. Posteriormente, esses dentes foram obturados pela técnica do cone unico eselados
com resina, sendo entdo realizado um ensaio mecanico aplicando uma forgade 1
mm/minuto até a raiz fraturar. O grupo instrumentado com Protaper Next foi o mais
resistente a fratura e o grupo Mtwo foi que apresentou menor resisténcia a fratura

radicular vertical, as diferengas foram estatisticamente significativas entre esses dois



grupos.

PULEIO et al. (2022) avaliaram através de uma revisdo sistematica se a
instrumentacao do canal radicular com instrumentos de conicidade reduzida diminui
o risco de fratura radicular em comparacdo com os de maiores conicidades. Foram
avaliados 20 estudos em humanos e in vitro. No entanto, ndo foi possivel obter uma

conclusao definitiva uma vez que nao havia nenhum ensaio clinico randomizado.

1.4 DIAGNOSTICO CLINICO

O exame clinico da estrutura dentaria com magnificagdo, o uso de corantes
como azul de metileno e transiluminagdo com luz de led, podem auxiliar o diagndstico
das fraturas radiculares. Além disso, € importante investigar bolsasperiodontais, apos
remocdo de placa dentaria, pois podem ser um indicio de fraturas radiculares
(BHANDERI, 2021). A apresentacéo clinica das fraturas radiculares é variavel, os
sinais e sintomas variam conforme a posi¢ao da fratura, condicdo periodontal e tipo
de dente (MOULE & KAHLER, 1999).

Em algumas situagcbes o diagndstico e a localizagdo exata das fraturas,
somente poderdo ser obtidos através da cirurgia exploratéria com retalho
mucoperiosteal. As FRV frequentemente sdo mal diagnosticadas, o que pode
favorecer tratamentos equivocados e perda 6ssea na area envolvida (OZER et al.,
2011). Um dos sinais clinicos mais importantes € dor a mastigagcdo, podem estar
presentes abscessos ou fistulas proximos ao dente acometido (KAJAN &
TAROMSARI, 2012).

Os casos de fratura radicular horizontal em dentes posteriores, podem ser
maisfacilmente diagnosticados se a linha de fratura for identificada acima da gengiva
marginal, pois a maioria dos dentes nesse tipo de fratura ndo apresentam inflamacgao

gengival evidente, no entanto, caso ndo seja possivel identificar uma cirurgia
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exploratoria pode ser indicada (LIAO et al., 2022).

PRADEEPKUMAR et al. (2016), em um estudo de coorte retrospectivo,
verificaram o tempo de diagndstico das FRVs em dentes tratados endodonticamente
e correlacionaram a diferentes fatores. Foram avaliados 197 dentes tratados
endodonticamente, com coroa € sem retentor intrarradicular, com suspeita de FRV.
O diagndstico de fratura foi confirmado por exploragao cirurgica. Os dentes mais
acometidos foram molares inferiores (34%) e pré-molares superiores (22.8%). O
tempo poés-operatério para o diagndstico de uma fratura radicular vertical foi de 4,35
(x 1,96) anos. Os achados clinicos mais comuns foram dor a percussao (60%), dor a
palpacao (62%), presenca de bolsa periodontal profunda (81%), inchago ou fistula
(67%).

YUAN et al. (2021) investigaram os tipos de fraturas e direcbes em dentes
superiores, através de uma andlise de 274 primeiros molares superiores
diagnosticado com fraturas comprovado por TCFC. As taxas de fraturas em dentes
nao tratados endodonticamente tiveram maior propor¢céo em raizes palatinas (56.1%)
em comparagdo com raiz mesiovestibular (36.1%) e distovestibular (7.8%). Nos
dentes tratados endodonticamente a proporgao foi maior nas raizes mesiovestibulares
(52.7%) em comparagao com as raizes palatinas (36.5%) e distovestibular (10.8%). O
tipo mais comum de fratura foi a vertical, as raizes palatina e vestibular foram

comumente fraturadas no sentido mesiodistal e vestibulopalatino.

1.5 DIAGNOSTICO ATRAVES DE TCFC

O desenvolvimento da TCFC se deu no final da década de 90 e possui como
maior vantagem a menor dose de radiacdo empregada em comparagao a tomografia
computadorizada convencional (TC), as imagens sdo adquiridas através de umsensor

e a fonte de radiacao que rotaciona em torno da cabeca do paciente com um
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angulo de 180°-360°. A area de interesse dos raios X é limitada pela agao de
colimagao do feixe primario de raios X do TCFC (PATEL, 2009; FISEKCIOGLU et
al., 2014). A dose de radiagao utilizada depende do tipo de equipamento e a radiagéo
esta diretamente relacionada com o periodo para obtengédo e o campo da imagem
(DOGAN et al.,2018). A TCFC é considerada a melhor opgado de em comparagao as
radiografias periapicais, no entanto, exige habilidade do profissional para interpretar
esse tipo de exame. A acuracia da TCFC apresenta diferengas quando empregada
em estudos in vitro e in vivo, pois, em uma situagao in vitro que nao ha a presenca
de fatores relacionados ao paciente como os tecidos moles e 0sso alveolar que pode
influenciar na qualidade da imagem (ZHANG et al., 2019).

De acordo com FAYAD et al. (2012), os cinco sinais no exame tomografico
que sao compativeis com o diagnostico de FRV sao: perda éssea na regido do tergo
meédio da raiz e osso coronal intacto e com defeito na porgcdo apical, auséncia de
toda lamina &ssea vestibular nos planos axial e/ou coronal, radioluscéncia em torno
de uma raiz onde termina um retentor intrarradicular, espaco entre a lamina vestibular
el/ou lingual e superficie da raiz.

WANDERLEY et al. (2018) avaliaram se a orientacao do dente em relagéo ao
feixe de radiagéo tem influéncia na detecgdo de FRV. Para essa investigagcao foram
utilizados 30 dentes extraidos e inseridos em uma mandibula humana seca, os dentes
foram avaliados em 3 condi¢des: sem material obturador, com material obturador e
com retentor intrarradicular. FRV foram produzidas nesses dentes através de um
ensaio mecanico. As imagens de TCFC foram obtidas em duas orientagdes:
perpendicular e paralela ao plano de projecao de raio X. Foi evidenciado que a
orientagdo do dente ndo influencia no diagnéstico de FRV e ndo houve diferengas

significativas entre os grupos.
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BHATT et al. (2021) compararam a eficacia diagnostica da radiografia
periapical e TCFC com base nas indicacdes da Associacdo Americana de Endodontia
(AAE) e Academia Americana de Radiologia Oral e Maxilofacial (AAOMR). De acordo
com os autores, 1 caso de FRV do total de 28 pacientes foi detectado antes da tomada
tomografica, apdés a solicitacdo de TCFC foram detectados 10 pacientes de 28
pacientes com FRV. Os autores constataram que TCFC revelou mais patologias
endodénticas e fraturas radiculares do que a radiografia convencional. A maioria dos
casos que foram solicitados TCFC confirmaram a fratura.

MIZUHASHI et al. (2021) avaliaram diferencas entre fraturas radiculares
horizontais e verticais de 51 TCFC de pacientes com diagndstico confirmado de fratura
radicular. Os autores evidenciaram que houve diferengas na ocorréncia de fraturas
horizontais e verticais entre dentes vitais e tratados endodonticamente.Houve também
diferencas entre a ocorréncia de acordo com os dentes anteriores, pré-molares e
molares. A maior incidéncia de FRV foi em dentes tratados endodonticamente e houve
mais FRV do que FRH em pré-molares.

ALAUGAILY & AZIM (2022) identificaram no exame tomografico e radiografico
os padrdes de perda éssea e fatores preditores clinicos para o diagndstico de dentes
trincados e com FRV. Foram avaliados exames de TCFC e radiografico de 95
pacientes diagnosticados com FRV ou dente trincado. Radiografias periapicais e
TCFC foram avaliadas por dois examinadores para identificar os padroes de perda
Ossea relacionados a esses dentes. Os autores identificaram que TCFC foi 4 vezes
mais eficaz em detectar defeitos 6sseos em comparagao as radiografias periapicais.
FRVs foram associadas com restauragdes indiretas, sondagem profunda > 6 mm de
profundidade, auséncia de cortical 6ssea e defeito 6sseo em “J” de acordo com o

exame de TCFC. Houve uma correlagéo significativa (p<0.05), entre a extenséo da
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fratura, profundidade de sondagem, bem como os defeitos em forma de “J”.
Por outro lado, os dentes trincados foram associados com restauragdes diretas,
sondagem < 6 mm, cortical 6ssea intacta e presenca de defeito angular na TCFC.

Através de uma revisdo sistematica e metanalise, PRADEEPKUMAR et al.
(2021) determinaram a acuracia diagnostica de FRV entre TCFC e a visualizagéo
direta considerada o padrao ouro. A evidéncia dessa revisao sistematica demonstrou-
se fraca indicando que a TCFC ainda nao € uma boa ferramenta para diagnéstico de
FRV em dentes tratados endodonticamente. Devido ao numero limitado de artigos
incluidos, falta de padronizagao entre os estudos com relacdo aosindicadores de FRV,
além disso, houve artigos que nao apresentaram uma referéncia padréao,
demonstrando multiplas referéncias para indicar o diagndstico de FRV.

YALDA et al. (2022) investigaram um protocolo de baixa dose para
diagnosticar fraturas radiculares em dentes anteriores maxilares n&o tratados
endodonticamente. Esse estudo ex vivo utilizou 48 dentes em um modelo semelhante
a maxila humana (antropomorfico) e 9 exposigdes diferentes de raios X foram
utilizadas. Os autores constataram que n&o houve melhora na precisao do diagndstico
quando utilizou a exposicéo de alta resolugao, no entanto, é possivel reduzir 20% da

dose em comparagao com os parametros de exposicao de referéncia.

1.5.1 Especificidade e sensibilidade da TCFC

As TCFC além de proporcionar uma analise tridimensional, possuem maior
especificidade e sensibilidade para o diagndstico de fraturas radiculares (TALWAR
et al., 2016; KOBAYASHI-VELASCO et al., 2017). Neste caso, a sensibilidade

constitui a proporcao real de fraturas que mostram resultados positivos para fraturas
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na TCFC. Ja a especificidade constitui a proporcéo real de dente intacto que
possui um resultado negativo para fratura na TCFC (BUENO et al., 2021).

CANDEMIL et al. (2021), avaliaram estratégias para otimizar a deteccéo
de FRV simuladas na presenca de material metalico na exomassa e/ou dentro do
FOV, por meio de TCFC. Quando pequenos tamanhos de FOV sao utilizados, todas
as estruturas circundantes fora do FOV, mas ainda entre a fonte de raios-X e o
receptor de imagem (chamado exomassa) mostraram gerar artefatos de imagem, que
podem ser exacerbados em a presenca de materiais altamente atenuantes. Foram
incluidos 20 dentes extraidos com canal unico que foram instrumentados, obturados
e com FRV induzidas. Os dentes foram inseridos em uma mandibula humana, coberta
com um material semelhante a tecido mole. Os materiais metalicos foram dispostos
em diferentes posi¢des na exomassa (fora do campo de visdo) e/ou endomassa
(dentro do campo de visdo) e as imagens foram obtidas em dois protocolos de
dosagens: padrao e otimizado. A avaliagdo das imagens foi realizada por 5
radiologistas. Nao foram encontradas diferengas significativas entre os dois métodos.

BYAKOVA et al. (2019), compararam a acuracia in vivo da TCFC para detectar
linha de FRV versus seu diagnéstico de acordo com os padrdes de reabsorgaodssea
associados. Foram avaliados 88 pacientes com sintomas de fratura radicular vertical
em dentes tratados endodonticamente, esses pacientes foram submetidos ao exame
tomografico, posteriormente tiveram os dentes extraidos e divididos em dois grupos:
fraturado (n = 65) e controle (n = 23). A sensibilidade média da TCFC para o
diagndstico da fratura radicular foi 0,84 £ 0.2. A acuracia e valor AUC foram 0,81 0,08
e 0,84+ 0,17, respectivamente. A sensibilidade, acuracia e valor AUC para detecgao
de fratura radicular foi significativamente baixo 0,17 £ 0,24(p = 0,042), 0,54 + 0,07 (p
= 0,043), e 0,52+ 0,09 (p = 0,043), respectivamente. A especificidade da TCFC para

deteccgdo e diagndstico de fratura radicular vertical ndo diferiram significativamente.
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Tabela 1. Estudos in vivo que utilizaram TCFC para o diagndstico de fratura radicular.

Autor-ano Objetivo/Metodologia

Resultados/Conclusao

(Mizuhashi Investigar a ocorréncia de fratura radicular horizontal e

Houve diferencas quanto a ocorréncia de FRV e FRH entre

etal., vertical utilizando TCFC. Anélise de 51 TCFC para o dentesvitais e nao vitais. Houve diferengas na ocorréncia de

2021) diagndstico de FR. FRV e FRH entre dentes anteriores e posteriores. Os
resultados sugeriram que o numero de FRV foi maior em
dentes nao vitais e FRH foi maior dentes vitais. O dente mais
acometido por FRH foram os pré-molares.

(Zhang et Avaliar a precisao diagnéstica da (TCFC) na detecg¢ao de Dos 29 dentes, 27 foram positivos e 2 foram negativos para

al., 2019) fraturas radiculares verticais sutis (VRFs) em dentes VRF de acordo com o padréao-ouro. Sensibilidade,

tratados endodonticamente. Vinte e nove dentes tratados especificidade e precisao foram de 33,3%, 100% e 37,9%,

endodonticamente com suspeita de VRFs de 29
pacientes foram examinados usando imagens TCFC. As
imagens TCFCforam pontuadas com base na avaliagédo
da linha de fratura e perda dssea vertical vestibulo-
palatal (lingual). A sensibilidade diagndstica,
especificidade e precisdo foram avaliadas.

respectivamente, com base no achado direto de uma linha de
fratura em imagens TCFC.No entanto, a perda 6ssea vertical
vestibulo-palatina (lingual) foi encontrada em 25 dos 27
dentes com VRFs. Embora a precisdo da imagem TCFC para
o diagndstico de VRFs sutis em dentes tratados
endodonticamente in vivo fosse pobre, a perda dssea vertical
vestibulo-palatal (lingual) € um importante sinal indireto

para o diagnéstico de VRFs, que pode ser encontrado em
imagens TCFC.
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(Wang et
al., 2010)

Avaliar a aplicagao da tomografia computadorizada de  Dentre esses dentes, 155 (39,0%) foram diagnosticados
feixe conico (TCFC) na detecgao de fraturas radiculares como FDP, 14 (3,5%) como FPP e 229 (57,5%) como NVF na
dentariase analisar o perfil demografico dessas fraturas. leitura de consenso. Durante o acompanhamento, todos os
O grupo de estudo compreendeu 398 dentes que foram dentes diagnosticados como FDP e 4 dos 14 dentes
examinados por TCFC para determinar se eles tinham  diagnosticados comoFPP foram demonstrados no

uma fratura radicular. As caracteristicas dos pacientes intraoperatorio como fraturados. Noscasos de FDP, 60,0%
foram registradas e a localizagao, raizes fraturadas, tipos dos pacientes tinham de 50 a 69 anos. No total, 107 dentes
de fraturae imagens tridimensionais das estruturas FDP foram n&o tratados endodonticamente, e osrestantes
esqueléticas relacionadas foram analisadas. O foram tratados endodonticamente com (n = 16) ou sem (n =
diagndstico foi classificadoem uma das trés categorias a 32) colocagao de coroa. Os molares superiores e inferiores
sequir: fratura definitivamente presente (FDP), fratura foram os mais acometidos (81,9%). As raizes fraturadas

provavelmente presente (FPP) e foram principalmente palatinas (65,7%) nos molares
nenhuma fratura visivel (NVF). superiores e
mesiais (84,2%) nos molares inferiores.
(Silva et Avaliaram os fatores associados a fratura radicular A espessura média da dentina dos dentes fraturados foi de
al., 2021) vertical em dentes tratados endodonticamente, usando 1,3 mm, enquanto a dos nao fraturados foi de 1,5 mm (p <
um banco de dados de imagens de tomografia 0,001). Nao houve diferenga entre os grupos fraturado e ndo

computadorizada de feixe cénico (TCFC). A amostra parafraturado emrelagéo a frequéncia de implantes ou perda de
este estudo de caso-controle consistiu em 81 TCFC de  dente adjacente (p
dentes com fratura radicular vertical(FRV) e 81 TCFC de > 0,05). Houve um numero significativamente maior de

dentes nao fraturados, pareados por idade, sexo e dentes com retentores intrarradiculares no grupo fraturado
posicao do dente. As variaveis analisadas versus nao fraturado (p = 0,007). A espessura da dentina
incluiram a espessura da dentina, retentor intrarradicular, pode influenciar o desenvolvimento de VRF. A espessura da
umimplante adjacente e um dente adjacente ausente dentina < 1,3 mm esta associada a uma maior probabilidade

de fratura do que = 1,4 mm.
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(Quintero- 130 dentes obturados com sinais/sintomas de FR.

Alvarez etDeterminar o desempenho diagnéstico (TCFC) para

al., 2021) deteccdode FRV; avaliar o valor preditivo de critérios
diagnosticos quanto a definicdo de FRVs; e examinar a
robustez da associagao de variaveis relacionadas ao

paciente, ao dente eao tratamento com FRV. O
diagndstico definitivo de FRV foi confirmado pela
exploragédo microcirurgica endodéntica

(EMS). A determinacéo do desempenho diagndstico da
TCFCfoi baseada em algoritmos padréo derivados da

analise da tabela de contingéncia bidirecional.

FRV foram detectados durante microcirurgia endodéntica em
50% dos dentes. Com base na descoberta de linhas de
fratura em exames de TCFC, a sensibilidade, especificidade e
precisao foramde 86,2%, 13,8% e 50%, respectivamente.
Dentes com mais de trés critérios diagnodsticos presentes
tiveram chances significativamente maiores de diagndstico de
VRF. Os habitos parafuncionais, dentes unirradiculares,
alargamento excessivo do canal radicular e auséncia de
retentores intra-radiculares podem atuar

fortemente/independentemente para a ocorréncia de FRVs
em dentes tratados endodonticamente.
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1.6 FATORES QUE AFETAM O DIAGNOSTICO TOMOGRAFICO

1.6.1 Tamanho do campo de visao (FOV) e voxel

O diagndstico de fraturas radiculares através de TCFC requer alta definigao e
qualidade das imagens. Atualmente, os equipamentos de TCFC séo separados em
equipamentos com FOV pequeno (didametro < 0,50 mm) e com FOV grande (didmetro
< 16 cm) (DILLENSEGER et al., 2017). Outro importante parametro, que afeta a
qualidade da imagem, € o tamanho do voxel, em geral, voxels menores e maior tempo
de escaneamento, proporciona uma imagem de resolu¢gao melhor, no entanto, deve
ser levado em consideracédo a dose de radiagcao que o paciente é exposto, o ideal é
alcangar uma imagem de boa resolugdo com a menor dose de radiagao possivel
(BRAGATTO et al., 2016).

DIAS et al. (2020), avaliaram a acuracia de TCFC de FOV pequeno em
detectar in vivo fraturas radiculares verticais comparando com radiografia periapical
e utilizando como padrao ouro a cirurgia exploratéria. As FRV foram detectadas em
64 de 85 dentes (75,3%), dos quais 62,5% eram multirradiculares e 76,65% tinham
retentores intrarradiculares. TCFC obteve maior sensibilidade e acuracia (65.6% e
64%) em comparagao a radiografia periapical (27,3% e 40,5%).

UYSAL et al. (2021), avaliaram o efeito do tamanho do voxel e reducéo do
artefato na identificacdo de FRVs em dentes tratados endodonticamente. Foram
avaliados 100 pré-molares inferiores extraidos, os quais foram descoronados e
realizado tratamento endodontico e obturagao pela técnica do cone unico. Os dentes

foram examinados com TCFC variando o voxel (0.125, 0.200, 0.250, 0.300, e 0.400

19



voxels). Todos os tamanhos de voxel foram eficazes na detecgdo de fratura
radicular vertical. No entanto, a eficacia na deteccdo diminuiu usando voxel de
tamanho maior. Voxels de 0,125, 0,200 e 0,250 foram mais sensiveis para deteccao
de FRVs.A reducao de artefato nao afeta a precisao, sensibilidade, especificidade e
valores preditivos para detecgao de FRVs em varreduras TCFC.

MA et al. (2016) em uma revisdo sistematica e metanalise verificaram se a
TCFC é um método confidvel na detecgao de fraturas radiculares em dentes nao
tratados endodonticamente e se o tamanho do voxel tem influéncia na acuracia
diagndstica. Os autores concluiram que a TCFC € um método confiavel para detecgéo
de fraturas radiculares, no entanto, a evidéncia ndo é definitiva que o tamanho do
voxel pode ter um papel na melhor eficacia para detectar fraturas radiculares.

PINTO et al. (2021), investigaram a influéncia do tamanho do FOV, posicao
do escaneamento no FOV (objeto posicionado no centro ou lateralmente dentro do
FOV), e modo de escaneamento da detecgdo da fratura radicular e percepcéo de
artefato. Foram avaliados 40 pré-molares extraidos, com canal unico, restaurados
com retentores intrarradiculares de NiCr e AgPd, divididos em dois grupos: fraturados
e integros. A posicdo central dentro do FOV apresentou alta sensibilidade,
especificidade e acuracia e os valores AUC diferiram da posicaolateral para central
para os pinos metalicos avaliados (p < 0,05). Os autores concluiram que posicionar o
objeto no centro do FOV e utilizar um tamanho de FOV reduzido, proporciona melhor
deteccao de FRV e diminui a percepc¢ao de artefatos.

GUO et al. (2019) avaliaram a influéncia do tamanho do FOV e espessura da
fratura, na acuracia em detectar FRVs em dentes nédo tratados endodonticamente.
Foram coletados 51 dentes extraidos, induzido fratura radicular com duasespessuras

diferentes, os dentes foram escaneados com 4 equipamentos de TCFC
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em diferentes tamanhos de voxel fornecidos pelos proprios equipamentos.
Para os equipamentos NewTom VGi (Radiologia Quantitativa, Verona, ltalia) e
ProMax 3D Mid (Planmeca Oy, Helsinque, Finlandia), ndo foram encontradas
diferencgas significativas entre o tamanho dos voxels para as AUC, independente da
espessura da fratura. Houve diferengas significativas entre imagens digitalizadas com
tamanho de voxel 250 ym e 160 um (p = 0,02) e imagens digitalizadas com tamanho
de voxel250 ym e 80 uym para AUC no grupo com fratura radicular com menor
espessura para o equipamento 3D Accuitomo (J. Morita, Kyoto, Japao) 170 (p = 0,03).
Para o i- CAT FLX (Imaging Sciences International, Hatfield, PA, EUA) foram
encontradas diferencgas significativas entre os protocolos de voxel de 300 ym e dos
outros trés tamanhos de voxel para AUC, sensibilidade e valor preditivo negativo.
Diferencas significativas para AUC foram encontradas nos grupos fratura radicular
espessa e fratura radicular larga para os equipamentos 3D Accuitomo e ProMax 3D

Mid.

1.7. Artefatos

Os materiais como retentores intrarradiculares, materiais obturadores e
restauragdes metalicas, podem produzir um endurecimento do feixe de raio X, durante
a aquisicao da imagem da area de interesse. As estruturas metalicas causam o
endurecimento do feixe devido a uma atenuagao nao-intencional do feixe de raios X
pelo material, que filtra os fétons de energia mais baixa (Freitas et al., 2019). Em
especial os dentes tratados endodonticamente apresentam uma baixa acuracia na
TCFC devido a esses artefatos que contribuem para um diagnéstico impreciso das
fraturas radiculares (ZHANG et al., 2019; OLIVEIRA et al., 2021).

O endurecimento do feixe de raios X pode ocasionar dois tipos de artefatos: a

distorcao de estruturas metalicas e listas e/ou faixas escuras, que podem aparecer
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entre duas substancias densas ou ao redor de estruturas metalicas. Como
consequéncia, a area em questdo nao é visualizada com nitidez e precisdao (MOUDI

et al., 2015)

A reducao de artefatos metalicos na efetividade de detectar fraturas
radiculares € um assunto controverso. FONTENELE et al. (2021), realizaram uma
revisdo sistematica e meta-analise para avaliar a efetividade da ferramenta de
reducdo de artefatos metéalicos para otimizar a detecgdo de FRV na TCFC. A
ferramenta para reduzir artefatos ndo proporcionou melhor eficacia no diagnéstico de
FRV em dentes = com materiais intracanais em estudos laboratoriais, no entanto,
apenas estudos invitro foram incluidos nessa reviséo sistematica, sendo uma grande

limitacao.

1.7.1 Materias obturadores

BECHARA et al. (2013) avaliaram se a reducdo de artefato em dois
equipamentos de TCFC distintos proporciona melhor acuracia para detectar FRV em
dentes tratados endodonticamente. Foram coletados 66 dentes e descoronados,
todos foram tratados endodonticamente utilizando a mesma técnica de obturagédo com
guta-percha e cimento a base de 6xido de zinco. Foi induzido fraturas nas raizes
aleatoriamente e colocados em 0ssos bovinos preparados. A maior acuracia foi obtida
com o equipamento ProMax (Plandent, Helsinque, Finlandia) sem a redugédo de
artefatos. A menor acuracia foi obtida com Master 3D (Vatech, Hwaseong, Republica
da Coreia) quando utilizou a ferramenta de reducéo de artefato.

NEVES et al. (2014) avaliaram a influéncia dos modos de imagem da TCFC
no diagnostico da FRV com diferentes materiais intracanais. A amostra foi composta
por 3 grupos (n = 10): controle, fratura completa e incompleta. Os dentes foram

escaneados utilizando 4 diferentes modos de imagem: alta resolugao, alta fidelidade,
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alta velocidade e padréao. As fraturas completas foram mais facilmente visualizadas do
que incompletas. A presenga de guta-percha e retentor metélico influenciaram
negativamente o diagnéstico de fratura. Com relagdo aos modos de imagem, nao

houve diferencas significativas.

IIKUBO et al. (2015) evidenciaram que materiais obturadores possuem
influéncia direta nas imagens de TCFC. Nesse estudo, foram investigadas imagens
de TCFC com artefatos que imitam linhas de fraturas produzidas por materiais
obturadores do canal radicular. Esses artefatos, aparecem ao longo eixo dos ossos
alveolares. Os autores concluiram que o padrao de linhas de artefato produzidas
depende da posi¢ao do dente no arco, em dentes como os incisivos, por exemplo,
pode haver a formagdo de linhas obliquas ao longo eixo do dente. A identificagcao
desses padrdes de artefatos caracteristicos ajudara a distinguir de fraturas radiculares
verdadeiras.

DUTRA et al. (2017), investigaram a influéncia de diferentes materiais
obturadores no diagnéstico da FRV. FRVs foram criadas em 30 dentes e 4 situag¢des
clinicas foram criadas: sem material obturador, guta-percha, retentor intrarradicular e
coroa metdlica. Foi verificado que a andlise da linha de fratura no grupo com guta-
percha gerou um artefato de endurecimento de feixe baixo, mas n&o impediu
identificar a extensdo da FRV. Na presenca de retentor intrarradicular de ouro, foi
observado que a extensao da linha de fratura parecia ser menor do que realmente
estava no plano sagital, enquanto no plano axial a TCFC n&o melhorou o diagndstico
de FRV, a menos que linha de fratura estivesse envolvendo o terco apical da raiz. A
presencga de coroa metalica ndo gerou artefatos adicionais na superficie radicular.

HEKMATIAN et al. (2018), investigaram a acuracia de TCFC em detectar FRV
na presenga e auséncia de guta-percha. Foram selecionados 50 pré-molares

inferiores, instrumentados e obturados, e posteriormente foi induzido FRV em 25
23



dentes. Os dentes foram inseridos em uma mandibula seca e feito a TCFC. Em uma
outra etapa a guta-percha foi removida e feita outra TCFC. Os autores concluiram que
a guta-percha reduziu a habilidade de detectar FRV, sendo entdo recomendado

remover esse material do canal para melhor diagnéstico das FRVs com TCFC.

IIKUBO et al. (2020) verificaram os efeitos de parametros de exposigéo
(corrente do tubo e voltagem do tubo) e a conicidade da guta percha em artefatos
semelhantes a fraturas radiculares obtidos com TCFC. Os artefatos semelhantes a
linhas de fraturas que apareceram em TCFC de 9 pré-molares extraidos, obturados
com cones de guta-percha 50 ou 80 foram analisados, utilizando seis fatores de
exposicao: duas tensdes de tubo (80 Kv e 110 Kv), trés correntes de tubo (4 mA, 7
mA e 10 mA). Foi evidenciado que o dentes obturados com cone 80 e 50 quando
submetidos a mesma voltagem e corrente de tubo. Mais artefatos foram identificados
em dentes com cone 80 do que 50. As linhas de artefato foram mais visiveis com 80
Kv em comparacédo a 110 Kv para cada corrente de tubo e cone de guta-percha
utilizado.

CAVALCANTI et al. (2022), avaliaram a influéncia do cimento obturador como
artefato na deteccado de FRVs. Foram selecionados 100 incisivos centrais superiores
e 100 pré-molares superiores com um canal, esses dentes foram divididos em 5
grupos: controle, Pulp Canal Sealer, Ah Plus, Sealer 26 e Bc Sealer. Posteriormente
fraturas radiculares foram induzidas nesses dentes e obtidas imagens tomogréficas.
Os valores de sensibilidade para pré-molares variaram de 20%- 60% e especificidade
variaram de 60%-100%. Os valores de sensibilidade para os incisivos variaram de
30%-70% e os valores de especificidade de 70%-100%. Foi constatado uma baixa
especificidade principalmente para os pré-molares, o que dificulta odiagndstico de
fraturas radiculares verticais e o cimento BC Sealer induziu significativamente maiores
artefatos de imagem em comparagao aos demais cimentos.
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FREITAS e SILVA et al. (2019), avaliaram a capacidade de trés tomografos
diferentes em detectar fratura radicular vertical em dentes tratados endodonticamente
obturados com diferentes cimentos endodénticos. Um total de 80 pré-molares
extraidos foram submetidos a tratamento endoddntico e obturados com diferentes
cimentos (guta-percha + AH Plus, guta-percha + Sealer 26, guta-percha + Fill Canal e
guta-percha sem cimento/grupo controle). Metade das amostras foram induzidas a
fraturas radiculares e foram escaneadas pelos tomografos i-CAT (Imaging Sciences
International, Hatfield, USA), PreXion (PreXion Inc., San Mateo, USA), and OrthoPhos
XG (Sirona Dental System, Bensheim, Germania). A melhor acuracia foi obtida pelo
equipamento PreXion, enquanto a melhor sensibilidade foi obtida com o equipamento
i-CAT (0.93). Os valores de especificidade variaram entre0,70-0,75. Os cimentos
endodénticos nao exerceram influéncia no diagndstico da fratura radicular vertical.

GONZALEZ et al. (2022) avaliaram se mudangas no filtro de nitidez em TCFC
melhora o diagnéstico de fratura radicular. Oitenta e quatro volumes de TCFC
adquiridos em trés niveis de mA de 28 dentes inseridos no alvéolo dentario de cranio
humano seco foram selecionados. Os dentes foram divididos em quatro grupos de
acordo com a presenca e auséncia de fratura radicular e obturagao endodéntica. Os
autores evidenciaram que o uso de filtro de nitidez pode ser recomendado em volumes
de TCFC a 4 mA para detecc¢ao de fratura radicular por levar ao mesmo desempenho
daqueles a 6,3 e 10 mA. A presenca de material obturador endodénticonao influenciou

a acgao dos filtros no diagnostico de fratura radicular.

1.7.2 Retentores intrarradiculares

COSTA et al. (2011), avaliaram a influéncia de retentores intrarradiculares no
diagndstico de FRHs através de TCFC de pequeno volume. Foram utilizados 40 pré-

molares extraidos e divididos em grupos baseados na presenga de retentor metalico
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e fratura horizontal. Foi verificado que altos valores de acuracia foram obtidos nos
dentes sem retentor intrarradicular (73%-88%) em comparagdo com a presenga do
retentor intrarradicular (55%-70%), a presenga do retentor intrarradicular diminuiu a
sensibilidade e especificidade da TCFC em diagnosticar FRH.

COSTA et al. (2012) avaliaram se utilizar TCFC de volume maior melhora a
acuracia em detectar fratura radicular horizontal e a influéncia de
retentorintrarradicular metalico no diagndstico. Foi feita andlise de 40 pré-molares
extraidose fratura radicular horizontal foi induzida em 20 desses dentes. Os valores
deacuracia nos dentes que nao possuiam retentor intrarradicular metalico variou de
33%-68%, enquanto as amostras com retentor intrarradicular houve uma grande
variagédo de 38%-83%.

COSTA et al. (2014) avaliaram a acuracia de TCFC de pequeno volume em
detectar fraturas radiculares horizontais em dentes com e sem retentores
intrarradiculares metalicos. Foram avaliados 40 dentes tratados endodonticamente
com e sem retentores intrarradiculares, utilizando o tomégrafo PreXion 3D (Terarecon,
San Mateo, CA), com um cilindro de 5 cm de altura e 5 cm de didmetro em
reconstrucdo de voxels de 0,10 mm. Os valores de sensibilidade variaram de 0.40-
0.80. Os resultados foram mais favoraveis para dentes sem retentores
intrarradiculares. No grupo que utilizou o protocolo de 1024 proje¢des de raio X a
acuracia de 75%-90% versus o grupo que utilizou o protocolo de 512 projegdes de
raios X, a acuracia foi de 70%-85%.

MOUDI et al. (2015), investigaram os efeitos de artefatos metalicos na
acuraciada TCFC para detectar FRV, utilizando FOV pequeno e grande. Foram
utilizados 40 molares e pré-molares extraidos, posteriormente foram tratados
endodonticamente einserido retentor intrarradicular metalico. As imagens de TCFC

foram obtidas utilizando dois FOVs: 18 cm x 16 cm e 6 cm x 6 cm. Os autores
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evidenciaram que a especificidade da TCFC diminuiu com a presencga do retentor
intrarradicular metalicono grupo que utilizou FOV maior. No entanto, no grupo que
utilizou FOV pequeno, nao houve interferéncia.

MENEZES et al. (2016), avaliaram a influéncia de retentores intrarradiculares
e material obturador na detecgdo de FRVs. Foram incluidos 48 dentes extraidos,
divididos em 3 grupos experimentais e 3 grupos controle. O primeiro
grupoexperimental e controle ndo recebeu guta-percha e retentor intrarradicular, o
segundo grupo experimental e controle receberam apenas guta-percha, o terceiro
grupo experimental e grupo controle receberam retentor intrarradicular e guta- percha.
Os grupos experimentais foram submetidos a fratura artificial. Os autores constataram
que a presencga de retentor intrarradicular e guta-percha reduziu significativamente a
acuracia de TCFC em detectar FRVs.

FERREIRA et al. (2015) avaliaram a influéncia de filtros para realgar FRVs em
dentes com e sem retentores metalicos. Foram preparados 40 dentes extraidos, 20
foram selecionados aleatoriamente e induzida fratura vertical. As imagens com e sem
filtro ndo mostraram diferengas significativas relacionadas a area sob a curva e
sensibilidade. Os autores concluiram que o uso de filtros n&o influencia no diagndstico
de FRV em dentes com e sem retentor intrarradicular, ndo € necessarioo uso de
filtros.

SAFI et al. (2016), avaliaram o efeito da amperagem (mA) e campo de visao
naproducéao de artefatos por retentores intrarradiculares metalicos e no diagndstico de
FRV. Foram incluidos 80 dentes unirradiculares extraidos e avaliados por TCFC. Os
retentores intrarradiculares de niquel foram cimentados nos dentes apds o preparo
dos canais radiculares. Posteriormente os dentes foram divididos em dois grupos:
teste (com fratura) e grupo controle (sem fratura). Foi concluido que diminuir o FOV

melhora a detectacédo de FRVs, se acompanhado pela redugdo da amperagem. Essa
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combinacao fornece melhor acuracia na deteccéo das FRVs.

ARISTIZABAL-ELEJALDE et al. (2020) determinaram a relacdo entre as
caracteristicas das fraturas radiculares e a presenca de retentor intrarradicular em
dentes tratados endodonticamente utilizando TCFC. Foram analisados 50 TCFC
com diagndstico de fratura de 30 mulheres e 20 homens. O tipo mais comum de fratura
foi obliqua (26 casos), seguido por fratura vertical (18 casos) e fratura horizontal (6
casos). Em 56% das TCFC analisadas havia a presenca de retentor intrarradicular
metalico. Nenhuma associacao foi encontrada entre o tipo de fratura etipo de retentor
intrarradicular. No entanto, o tipo de fratura influenciou no tempo requerido para sua
deteccao na TCFC.

SHOKRI et al. (2022) avaliaram o efeito de diferentes amperagens e tamanho
de voxel de dois equipamentos de TCFC na deteccdo de FRV na presenca de
diferentes retentores intrarradiculares. Foram preparados espacgos para retentores em
20 pré-molares superiores e em metade dessa amostra foram induzidas FRVs. As
amostras foram escaneadas com o CS 9300 e Cranex3D com dois tamanhos de voxel
diferentes e configuracédo de amperagem em cada equipamento. Foi constatado que
a mudancga no tamanho de voxel e amperagem nao influenciou no diagnéstico de FRV.
A deteccao de FRV em dentes com retentores de fibra de vidro foi maior do que com
retentores de niquel-cromo.

YAMAMOTO-SILVA et al. (2018) avaliaram a influéncia do tamanho do voxel
na acuracia de detectar FRV em dentes com retentores intrarradiculares. Foram
selecionados 30 dentes extraidos unirradiculares e divididos em dois grupos: 15
controle e 15 com FRV. As imagens de TCFC foram adquiridas com 4 diferentes
tamanhos de voxel: 0,1 mm, e 0,16 para o Eagle 3D V-Beam (Dabi Atlante, Ribeirdo
Preto, Sdo Paulo, Brasil) e 0,125 mm e 0,2 mm para 0 i-CAT system (Imaging Sciences

International, Hatfield, PA). Os autores concluiram que tamanho de voxel ecampo de
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visdo menores fornecem melhor acuracia para detectar FRV.

1.7.3 Outros artefatos

FREITAS et al. (2018), avaliaram a influéncia de artefatos produzidos por
implante de zirconia no diagnéstico de FRV em dentes proximos e distantes de
implantes na TCFC. Foram divididos 20 dentes unirradiculares em dois grupos,
controle e fraturado. Os dentes foram posicionados aleatoriamente no alvéolo de
primeiro e segundo pré-molares direito e esquerdo de uma mandibula seca. Foram
obtidos exames de TCFC com e sem reducao de artefato metalico, com e sem
implante de zircénio colocado no alvéolo. Os artefatos produzidos por implante de
zirconio prejudicaram o diagnéstico de FRV por diminuir a especificidade. No entanto,
os autores verificaram que a reducao de artefato metalico melhora a especificidade.

FONTENELE et al. (2021b), avaliaram a influéncia da corrente do tubo e
reducao de artefato metalico no diagnéstico de FRV em dentes adjacentes a implantes
de zircdnia. Foram utilizados 30 dentes (15 com FRV e 15 grupo controle)
posicionados em uma mandibula cada dente foi escaneado com implante de zircénio
préoximo e sem o implante préximo. Foi verificado que o implante de zircdnia dificultou
o diagnodstico de FRV, gerando artefatos na imagem de TCFC. A ferramenta de
reducéo de artefato metalico desativada e corrente do tubo menor (4 mA), melhoraram

a qualidade da imagem.
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1.8 INFLUENCIA DA ESPESSURA DA FRATURA RADICULAR

NODIAGNOSTICO POR TCFC

A espessura da linha de fratura pode ser um fator decisivo no diagndéstico
através da TCFC, dependendo da espessura a mesma pode inviabilizar a
visualizacio, especialmente em dentes tratados endodonticamente, a nao separagao
Obvia dos fragmentos dificulta o diagndstico (GULIBIRE et al., 2021). De acordo com
HU et al. (2022), a eficiéncia diagnéstica da TCFC é prejudicada conforme a
espessura de separagado dos fragmentos, afetando a sensibilidade e especificidade

em 53%-98% e 80%-98%, respectivamente.

Tabela 2. Influéncia da espessura da fratura radicular na capacidade de detectavel

pela TCFC.
Autor/Ano Metodologia Tomégrafo utilizado Resultados
Brady et al.,201430 dentes extraidos (nao 3D Accuitomo e i-  Ambos os tomdgrafos foram
tratados endodonticamente) CAT mais eficazes em detectar
fraturas = 50 ym. O tomografo
iCAT foi mais eficaz em detectar
FRV <50 em
comparacao ao 3D Accuitomo.
Byakova et al., 25 dentes extraidos (ndo 3D Accuitomo 170 Maior acuracia e sensibilidadein
2016 tratados endodonticamente) vitro do que in vivo 50-150 pum.
21 dentes sem fratura Maior sensibilidade e acuraciade
(controle) TCFC em detectar FRV em
fraturas com espessura maior
que 150 um (in vitro e in vivo)
Makeeva etal., 25 dentes extraidos (ndo 3D Accuitomo 170 Maior acuracia e sensibilidadein
2016 tratados endodonticamente)21 vitro do que in vivo 50-150 um.
dentes sem fratura (controle) Maior sensibilidade e acuraciade

TCFC em detectar FRV em
fraturas com espessura

maiores que 150 pym (in vitro e in
Vvivo).
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Byakova et al.,
2019

30 dentes higidos extraidos,
preparados
endodonticamente e com
retentores intrarradiculares
(FRV induzida)

Dentes divididos em dois
grupos: fratura larga (180-250
um) e fratura espessa

(80-150 pm)

3D Accuitomo 170 A acuracia para FRV in vitro
maiores e menores foram 0,56e
0,40 respectivamente. Os
valores de sensibilidade foram
0,53 para FRV maiores e 0,27
para menores.
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2. JUSTIFICATIVA

Apesar do alto indice de sucesso no tratamento endodéntico, € importante
reconhecer que falhas podem ocorrer devido a diversos fatores, destacando-se entre
eles as fraturas radiculares. Estas fraturas representam a terceira principal causa de
perda dentaria, seguindo apenas a carie e doenga periodontal (KISHEN, 2006;
MIZUHASHI et al., 2021). Até o momento, a maioria dos estudos clinicos voltou-se
para a investigagdo das variaveis individuais de risco que influenciam na ocorréncia
de fraturas apés tratamento ou retratamento endodéntico. No entanto, poucos estudos
abordaram conjuntamente multiplas variaveis, tais como idade, género, tipo de dente
afetado, raiz envolvida, didametro do canal tratado e sua propor¢ao em relacéo a raiz,
anatomia da raiz, padrdao da fratura, presenca e tamanho de areas hipodensas
adjacentes, utilizagcdo de retentores intrarradiculares, extensdo da fratura e

caracteristicas radiograficas sugestivas de fratura.

Ha uma necessidade premente de mais estudos retrospectivos para fornecer
insights significativos aos profissionais da area. Esses estudos poderiam esclarecer
questdes importantes, como o impacto da area preparada na ocorréncia de fraturas,
0 padrdao das fraturas e sua correlacdo inumeras variaveis. O objetivo seria
estabelecer limites seguros para o alargamento do canal radicular, visando prevenir

fraturas indesejadas.
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3. OBJETIVOS

3.1. OBJETIVO GERAL

Correlacionar diferentes variaveis identificadas radiograficamente por TCFC

com a fratura radicular de dentes tratados endodonticamente.

3.2. OBJETIVOS ESPECIFICOS

1. Investigar a proporc¢ao da area do canal preparado em relagéo a area da raiz.

2. Analisar a média de idade e o género mais prevalente na ocorréncia de fratura
radicular.

3. Mensurar a extensao das fraturas radiculares e testar possiveis correlagdes com
as variaveis estudadas.

4. Classificar o tipo de fratura de acordo com Bueno et al., 2021.

5. Analisar a presenca de retentores intrarradiculares e a ocorréncia de fratura
radicular, descrevendo a extensdo do retentor em termos de igual a 2/3, > 2/3 ou <
2/3.

6. Investigar a anatomia dos canais radiculares dos dentes fraturados.
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4. MATERIAIS E METODOS

41 PARECERETICO

Este estudo foi submetido e aprovado pelo Comité de Etica e Pesquisa da
Universidade doGrande Rio (CAAE: 65928522.5.0000.5283; numero do parecer:

5.871.885).

4.2 TIPO DE ESTUDO E POPULAGAO

Este estudo apresentou uma abordagem retrospectiva, utilizando exames de
Tomografia Computadorizada de Feixe Cbénico (TCFC), juntamente com seus
correspondentes laudos radiograficos. Esses exames foram obtidos a partir de uma

clinica privada de radiologia odontolégica localizada na cidade do Rio de Janeiro/RJ.

4.3 AMOSTRA E CRITERIOS DE INCLUSAO

A amostra foi constituida por arquivos digitais em formato DICOM
(Comunicacao de Imagens Médicas), adquiridos por meio do Tomografo Eagle V-
Beam (Dabi Atlante, Ribeirdo Preto, SP, Brasil), de pacientes com diagndstico
radiografico de fratura radicular, confirmado por um radiologista por meio da TCFC.
Esses arquivos englobavam reconstrugbes axiais, panoramicas, transversais e
tridimensionais das fraturas radiculares.

Foram selecionados aleatoriamente 152 exames de TCFC pertencentes a
pacientes que possuiam dentes submetidos a tratamento endodéntico e que

apresentavam fratura radicular.
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4.4 CRITERIOS DE EXCLUSAO

Foram excluidas imagens tomograficas de pacientes com idade inferior a 18
anos e/ou de dentes deciduos. Também foram excluidos registros com diagnédsticos
inconclusivos nos laudos, bem como imagens que apresentassem artefatos
comprometedores da identificacdo adequada da fratura radicular. Um total de 111
exames tomograficos foram excluidos por diversos motivos, incluindo artefatos que
dificultaram a analise, dentes que apresentavam fratura sem histérico de tratamento

endodéntico e imagens inconclusivas.

4.5 COLETA E ANALISE DOS DADOS

Foi realizado um processo de calibracdo entre dois avaliadores,
endodontistas previamente a extragao dos dados, com 20 exames, todos com apenas
um dente com diagndstico de fratura. O teste Kappa e a concordancia interavaliadores
foi de 95%. Uma analise detalhada de cada laudo foi conduzida, extraindo informacdes
como género, idade dos pacientes, tamanho do campo de visdo (FOV) utilizado no
exame, localizagdo anatdbmica (maxila ou mandibula), detalhes especificos da
localizag&o (regido anterior ou posterior dos ossos maxilares), dente afetado, tipo de
fratura radicular e caracteristicas tomograficas sugestivas de fratura.

Posteriormente foi realizada uma anélise dos DICOMs utilizando o software
OnDemand 3D Dental (OnDemandeDApp 1.0.9.2225; Cybermed, Inc, Coreia do Sul).
Foram avaliados diversos parametros, incluindo a extensdo da fratura e sua
classificagdo quanto a orientacdo (horizontal, vertical, obliqua), a raiz afetada, a
localizac&o do ponto da fratura em relacéo aos tergos do canal, a presenca de retentor
intrarradicular e a identificagdo de areas hipodensas associadas (Figura 1). As areas

hipodensas detectadas nas proximidades da fratura foram medidas em seus
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comprimentos maximo e minimo (Figura 2), e o valor final registrado foi a média

aritmética das medidas realizadas pelos dois avaliadores.

Figura 1. Mensuragao da extensao da fratura e classificagdo como fratura obliqua.

18.23 [mm]

Figura 2. Mensuragao de area hipodensa adjacente a raiz, em altura e comprimento
no corte sagital, dente 21.
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A avaliagao do preparo do canal radicular envolveu medi¢des lineares que
foram realizadas nos cortes axiais, em pontos especificos: o nivel da jungdo cemento-
esmalte (JCE), a uma distadncia de 4 mm abaixo da JCE, o ponto coronal da fratura
radicular, o ponto médio da fratura, a extremidade da fratura, o ponto médio do canal
e o limite apical da obturagéo (Figura 3). Além disso, a area do canal foi medida nos
mesmos pontos mencionados (Figura 4). O valor final foi calculado como a média

aritmética das medicdes realizadas pelos dois avaliadores.

Figura 3. Mensuragao do canal radicular alargado, menor remanescente dentinario e
raiz dentinaria, no corte axial, na regido de 4 mm abaixo da JCE, referente ao canal
distal do dente 36.

[Area] 2.581 [mm2]

[Area] 15.992 [mm2]

Figura 4. Area do canal radicular e area total da raiz, corte axial, raiz distal do dente
36, regido de JCE.
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A classificagdo da segédo transversal do canal foi realizada de acordo com o
estudo de BUENO et al. (2021), utilizando o corte axial e considerando os tergos
cervical, médio e apical. Os canais foram categorizados como circulares, achatados
ou ovais, com o objetivo de estabelecer uma correlagéo entre a morfologia do canal e
a ocorréncia de fratura radicular.

Os dentes contendo retentores intrarradiculares foram analisados em relacéo
a parametros como o tipo de retentor e a extensdo do retentor intrarradicular
(pequeno, correspondendo a < 2/3 da extensdo da raiz; 2/3 da raiz; e longo,
representando = 2/3 da raiz). Essa analise foi conduzida utilizando a ferramenta de
medicao linear, verificando a proporcéo entre o comprimento da raiz e a extensao do
retentor intrarradicular.

Quando foram identificados indicios radiograficos que indicavam a presenca
de fratura radicular, a mesma foi classificada quanto ao tipo de fratura e sua
localizagdo. Em casos de discordancia entre os avaliadores, um terceiro avaliador,
especializado em radiologia, teve a decisao final. Todos os dados relacionados as
caracteristicas tomograficas foram coletados, tabulados e armazenados em um banco

de dados para analise estatistica posterior.
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4.6 ANALISE ESTATISTICA

As analises estatisticas foram conduzidas utilizando o programa SPSS®
(Statistical Package for the Social Sciences Inc., versao 26). A analise descritiva foi
empregada para apresentar frequéncias, médias e desvio padréo dos dados (Tabela
3). A normalidade dos dados foi verificada por meio do teste de Shapiro-Wilk. As
comparacgdes das medi¢des lineares e areas foram efetuadas através dos testes de
Mann-Whitney e Kruskal-Wallis, quando relevantes, e a correcédo de Bonferroni foi
aplicada no teste post-hoc (Tabelas 4 e 5). Os dados categéricos foram submetidos
ao teste Qui-Quadrado. Um nivel de significancia de 5% (p < 0,05) foi adotado para

todas as analises.
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5. RESULTADOS

No presente estudo, observou-se uma frequéncia maior de pacientes do sexo
feminino, representando 58,5%, em comparagao aos pacientes do sexo masculino,
que corresponderam a 41,5%. Quanto ao tipo de fratura radicular, a FRO apresentou
a maior incidéncia, com 60%, seguida pela FRV com 36,7%, e a FRH com 3,3%.

Em relacio a area do canal preparado em proporcéo a area da raiz, obteve-se
uma meédia de 31,05%, com um valor minimo de 11,62% e um valor maximo de
63,13%. Em 73,2% dos exames tomograficos avaliados, foi possivel identificar a linha
de fratura ao longo da raiz dentaria e classifica-la como FRV, FRO ou FRH, além de
determinar o terco do canal afetado.

Outros valores descritivos das variaveis analisadas no presente estudo estao
apresentados na tabela 3 e 4.

Com relagao ao diametro do canal e a ocorréncia do tipo de fratura, foram
encontrados resultados estatisticamente significativos para FRV com uma média de
1,02 e FRO com uma média de 1,34 (p<0,05). Quando foi analisado a proporc¢ao de
alargamento do canal em relacdo a raiz, foram encontrados resultados
estatisticamente significativos para FRV com uma média de 26,35% e FRO com
33,88% (p<0,05). As medidas de diametro e area em relagéo ao tipo de fratura estéo
listadas na tabela 5. Na tabela 6, € possivel verificar os dados de variaveis categoricas

e associacao com o tipo de fratura radicular.
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Tabela 3. Frequéncias absolutas e relativas das variaveis analisadas.

Variavel n %
Género

Feminino 24 58,5
Masculino 17 41,5
Idade

18 a 30 anos 2 4.9
31 a45 anos 10 24 4
46 a 60 anos 1 26,8
61 a 85 anos 18 43,9
Tamanho FOV

5x5 1 2,4
8x8 14 341
8x12 14 34,1
8x16 12 29,3
Dente

Anteriores 7 17,1
Pré-molares 12 29,3
Molares 22 51,2
Retentor

ausente 31 75,3
presente 10 24,4
Mensuracgao linear do retentor

maior que 2/3 4 44 .4
2/3 daraiz 1 11,1
menor que 2/3 4 44 4
Tipo de fratura

horizontal 1 3,3
vertical 1 36,7
obliqua 18 60,0
Area hipodensa em J

presente 35 85,4
ausente 6 14,6
Terco acometido

cervical 6 19,4
medio 5 16,1
Apical 1 3,2
Mais de 1/3 12 38,7
indeterminado 7 22,6
Canal analisado

vestibular 4 9,8
palatino 4 9,8
mesiovestibular 14 34 1
distal 5 12,2
canal unico 13 31,7
distolingual 1 24
Forma

circular 14 50
achatado 6 21,4
oval 8 28,6
Arcada

Superior 20 48,8
Inferior 21 51,2
Exame

Diagndstico exato 30 73,2
indicio tomografico 11 26,8
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Tabela 4. Analise descritiva das variaveis analisadas.

Variavel Média DP Min. Max.
Extensédo da fratura 17,52 10,43 1,11 288,00
Area hipodensa (largura) 4,05 0,47 1,68 10,35
Area hipodensa (altura) 10,22 0,82 2,29 19,46
Diametro do canal tratado 1,23 0,53 0,28 3,82
Medida da dentina radicular remanescente 1,15 0,04 0,36 3,80
Diametro total (canal +remanescente da raiz) 4,02 0,11 0,98 9,75
Area canal tratado 1,85 0,01 0,15 9,23
Area total (canal + remanescente da raiz) 17,52 0,74 2,59 4543
Propor¢ao canal/raiz (%) 31,05 1,14 11,62 63,13
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Tabela 5. Medidas de diametro e area do canal radicular e raiz e associagao com o
tipo de fratura

Horizontal Vertical Obliqua
Média DP Média DP Média DP p Post-

hoc

Extensdoda - 9,62 1,71 22,63 16,60 0,181

fratura

Area - 405 062 422 074 0,702

hipodensa

(largura)

Area - 8,51 1,177 11,71 1,09 0,082

hipodensa

(altura)

Didmetrodo 0,81 0,09 1,02 0,08 1,34 0,07 0,002 HxV:

canal tratado 0,293
HxO:
0,034
VxO:
0,012

Medida da 1,28 0,13 1,14 0,08 1,10 0,05 0,231

menor

dentina

radicular

remanescent

e

Diametro 3,59 0,31 3,94 0,19 4,01 0,14 0,766

total da raiz

Area canal 1,83 0,35 1,30 0,23 2,18 0,23 0,009 HxV:

tratado 0,153
HxO:
0,999
VxO:
0,012

Area total 24,45 3,37 17,29 1,65 17,62 0,98 0,109

(canal +

remanescent

e da raiz)

Proporcéao 22,62 1,1 26,35 1,82 33,88 1,63 <0,00 HxV:

canal/raiz 1 0,709
HxO:
0,009
VxO:
0,002
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Tabela 6. Associagao entre tipo de fratura e variaveis categoéricas

Variavel Horizontal Vertical Obliqua
n % n % n % p

Género
Feminino 1 100,0 6 54,5 12 66,7
Masculino 0 0,0 5 45,5 6 33,3 0,597
Idade
18 a 30 anos 0 0,0 2 18,2 4 22,2
31 a45 anos 0 0,0 3 27,3 4 22,2
46 a 60 anos 1 100,0 6 54,5 10 55,6
61 a 85 anos 0 0,0 2 18,2 4 22,2 0,921
Dente (criar 2 variaveis)
Anteriores 0 0,0 0 0,0 4 22,2
Pré-molares 1 100,0 2 18,2 6 33,3
Molares 0 0,0 10 81,8 7 38,9 0,207
Retentor
ausente 1 100,0 9 90,0 13 72,2
presente 0 0,0 1 10,0 5 27,8 0,470
Area hipodensa em J
presente 1 100,0 1 100,0 14 77,8
ausente 0 0,0 0 0,0 4 22,2 0,215
Terco acometido
cervical 0 0,0 1 9.1 2 11,1
medio 0 0,0 2 18,2 5 27,8
Apical 0 0,0 0 0,0 1 5,6
Mais de 1/3 1 100,0 6 54,5 6 33,3
indeterminado 0 0,0 2 18,2 4 22,2 0,931
Canal analisado
vestibular
palatino 0 0,0 0 0,0 4 22,2
mesiovestibular 0 0,0 2 18,2 0 0,0
distal 0 0,0 6 54,5 6 33,3
canal unico 0 0,0 1 9,1 1 5,6
distolingual 1 100,0 1 9.1 7 38,9 0,227
Forma
circular 0 0,0 4 44 4 8 57,1
achatado 1 100,0 2 22,2 1 7.1
oval 0 0,0 3 33,3 4 28,6 0,334
Arcada
Superior 1 100,0 4 36,4 9 50,0
Inferior 0 0,0 7 63,6 9 50,0 0,429
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6. DISCUSSAO

O presente estudo teve como amostra exames tomograficos de dentes
tratados endodonticamente com diagndstico tomografico de fratura radicular. Diversos
estudos na literatura, mencionam esses dentes como os mais acometidos por fraturas
radiculares em comparag¢ao aos dentes com vitalidade pulpar, sendo o tratamento
endodéntico considerado fator etioldgico contribuinte para a ocorréncia de fraturas
(ZOU et al., 2011; LIAO et al., 2021; PATEL et al., 2022).

O tratamento endoddntico possui altas taxas de sucesso, no entanto, é
importante mais estudos que verifiquem até qual ponto o preparo do canal é suficiente
em termos de desinfeccdo, sem comprometer a forca de resisténcia da estrutura
dentaria as fraturas radiculares (WILCOX et al., 1997; MUNARI et al., 2019). Séo
poucos os estudos na literatura, que investigam a influéncia do alargamento do canal
durante o preparo quimico-mecanico na ocorréncia de fraturas, alguns estudos
concluiram que a ocorréncia de fratura esta associada ao alargamento excessivo do
canal radicular (CAMPELLO et al., 2021; KILIC et al., 2021, PACHECHO-YANES et
al., 2022).

As fraturas radiculares podem ser resultantes de trincas e defeitos que
ocorrem na parede dentinaria durante o preparo quimico-mecanico e se propagam por
forgas oclusais, resultando em fraturas (CAPAR et al., 2015, SHANTIAEE et al., 2019).
Apesar da instrumentacéo do canal radicular com instrumentos de maiores didmetros
proporcionar maior limpeza, ocorre maior remogao de tecido dentinario, o que pode
enfraquecer ainda mais a estrutura dentaria e ser fator predisponente para fraturas
(TOPCUOGLU et al., 2012; TIAN et al., 2019, CAMPELLO et al., 2021).

O pré-alargamento do terco cervical do canal radicular, constitui uma etapa

importante durante preparo quimico-mecanico, pois possibilita menor fadiga do
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instrumento e reducao da extrusdo de debris. No entanto, estudos tém evidenciado
que a remogao excessiva de tecido dentinario nessa regido € um fator contribuinte
para a ocorréncia de fraturas radiculares (SOUSA et al., 2015; SILVA et al., 2020). No
presente estudo, um dos pontos de analise nos exames tomograficos foram as regides
de JCE e 4 mm abaixo da mesma, com o intuito de verificar o alargamento nessa
regido e a ocorréncia de fraturas. Os resultados demonstraram que o tergo cervical foi
a segunda regiao de maior ocorréncia de fraturas radiculares com uma frequéncia de
19.4%.

Além da acdo dos instrumentos, estudos demonstram que as solucdes
irrigadoras também exercem influéncia sobre a dureza da estrutura dentinaria,
favorecendo a ocorréncia de fraturas (BELLI et al., 2014). Uma recente scoping-review
de DOTTO et al., 2020 demonstrou que solugdes irrigadoras como NaOCI, MTAD,
clorexidina possuem efeitos deletérios sobre as propriedades mecanicas da estrutura
dentaria, sendo que quanto maior a concentracdo maiores os efeitos deletérios, outros
estudos corroboram com essa evidéncia (UZUNOGLU et al., 2016; XU et al., 2022).
Neste aspecto reside uma importante limitacdo do presente estudo, pois nao é
possivel afirmar quais foram o(s) irrigante(s) utilizados em cada caso.

E consenso entre os estudos que a etapa de obturacdo dos canais radiculares
€ um fator contribuinte para fraturas radiculares, devido a for¢ca excessiva durante a
condensacao do material obturador ou pela agao de espagadores digitais (CAPAR et
al., 2015; CHAI & TAMSE, 2018). Da mesma forma que para os irrigantes, a influéncia
da forca exercida durante a obturacdo nao pode ser considerada no presente estudo.

O diagnéstico de fraturas radiculares € um desafio na pratica clinica (ZHANG
etal., 2019). Diversos estudos comprovam que a TCFC é o exame com maior acuracia
em comparagao as radiografias periapicais para permitir o diagnostico conclusivo de

fraturas radiculares (KOBAYASHI-VELASCO et al., 2017; SALINEIRO et al., 2017;
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GIUDICE et al., 2018). Um dos indicios tomograficos de fratura radicular é a presenca
de imagem hipodensa em forma de “J” em torno da raiz acometida, destruicdo da
cortical 6ssea e associagdao com dentes com restauragdes indiretas extensas
(ALAUGAILY; AZIM 2022). No presente estudo, 85,4% dos exames tomograficos
avaliados possuiam area hipodensa em “J” com uma média de largura de 4,05 mm e
10,22 mm de altura. Em 73.2% dos exames avaliados, a linha de fratura foi evidente
ao longo da raiz, sendo possivel a sua classificagdo conforme o estudo de BUENO et
al., 2021, em FRV, FRO e FRH. Contudo, em 26,8% dos exames avaliados, apenas
a imagem hipodensa associada a raiz acometida foi visualizada, ndo sendo possivel
a classificacao do tipo de fratura radicular.

Alguns estudos corroboram que o tipo de fratura mais comum em dentes
tratados endodonticamente é a fratura radicular vertical (CHANG et al., 2016;
YOSHINO et al., 2015; SILVA et al., 2020; PATEL et al., 2022). Contudo, no presente
estudo, as FRO foram mais frequentes (60%), seguidas pelas FRV (36.7%) e pelas
FRH (3.3%). Essas diferengas podem ser justificadas devido a diferengas
metodoldgicas entre os estudos disponiveis na literatura em comparagao a este,
diferentes tomografos, examinadores e grupos dentarios avaliados.

As FRV e FRO ocorrem ao longo eixo do dente e podem acometer mais de
um terco do canal radicular (BUENO et al., 2021; MIZUHASHI et al., 2021). Os
resultados do presente estudo demonstraram que a maioria dos casos avaliados
(38.7%) foram de fraturas que acometeram mais de um tergo do canal radicular.

Apesar da alta acuracia diagnéstica da TCFC, alguns fatores podem ser
limitantes e impedir a visualizagdo da linha de fratura (FREITAS et al., 2019). Os
materiais obturadores e retentores intrarradiculares metalicos, por exemplo, afetam
negativamente a qualidade de imagem, devido a geragao de artefatos (NEVES et al.,

2014; MOUDI et al., 2015; TIEPO et al., 2017; ZHANG et al., 2019; OLIVEIRA et al.,
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2021). Além disso, parametros de aquisigdo das imagens como tamanho de voxel,
FOV, e dose de radiacéo influenciam no padréo da imagem (ZHANG et al., 2019). No
presente trabalho, mais de dois tercos dos exames inicialmente selecionados foram
excluidos devido a impossibilidade de visualizagao da fratura. Isso se deve, em parte,
ao fato de que o radiologista por vezes diagnostica fratura sem, contudo, visualiza de
fato, sendo o diagndstico fornecido com base em outros aspectos, como por exemplo
a perda Ossea lateral a raiz ou mesmo informagdes fornecidas pelo clinico.

Outro fator limitante da TCFC é detectar com precisao fraturas pequenas em
extensdo ou espessura, aquelas que sdo muitas vezes recentes (BAAGEEL et al.,
2016). A extensédo das fraturas radiculares médias na amostra avaliada foi de 17,52
mm. Entretanto, a espessura do traco de fratura ndo foi considerada no presente
estudo, uma vez que a TCFC nao é adequada para este tipo de avaliagao, em virtude
de sua prépria resolugao (CAMPELLO et al., 2021).

Os retentores intrarradiculares sé&o considerados fatores etiolégicos para
fratura radicular, devido a remocéao excessiva de tecido dentinario durante a confecgao
de preparo e/ou comprimento extenso, além do mddulo de elasticidade do material
ser diferente da dentina, muitas vezes contribuindo para as fraturas, como é o caso
dos retentores metalicos (SARKIS-ONOFRE et al., 2020, WANG et al.,2019). Na
amostra avaliada, os retentores estavam presentes em 24,4% dos exames, dos quais
44.4% foram de retentores com extensdo maior do que 2/3 da proporgao coroa raiz.
Além disso, todos os retentores apresentavam imagens compativeis com retentores
metalicos. Entretanto, ndo possivel avaliar o didmetro do retentor intrarradicular
devido a artefatos, em linha com estudos que demonstraram que os retentores
intrarradiculares provocam uma reduc¢ao da sensibilidade e especificidade da TCFC
em diagnosticar fraturas radiculares (COSTA et al., 2011; COSTA et al., 2012; COSTA

etal., 2014; MOUDI et al., 2015; MENEZES et al., 2016; PINTO et al., 2017; FREITAS
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et al., 2019). Neste contexto, apenas a extensdo dos mesmos foi analisada.

Os exames tomograficos de dentes com restauragdes metdlicas extensas ou
implantes préximos do dente acometido por fratura radicular, também limitaram as
analises em alguns pontos como a JCE, devido a geragdo de artefatos. Alguns
estudos apontam que a ferramenta redutora de artefatos metalicos melhora a
qualidade da imagem e reduzindo artefatos (FREITAS et al., 2018; MARTIN E SILVA
et al., 2018; FONTENELE et al., 2021b). No entanto, tal ferramenta ndo estava
disponivel no software utilizado, o que é uma limitagdo. Contudo, ferramentas de
reducdo de artefatos ainda sdao muito recentes e seu impacto na alteracdo das
imagems a ponto de prejudicar outras analises ainda é desconhecido.

De acordo com alguns estudos da literatura, a morfologia do canal radicular,
pode ser um fator predisponente para a ocorréncia de fraturas em dentes tratados
endodonticamente (CHAI; TAMSE 2015; PATEL et al., 2022). Com base nos
presentes resultados, os canais radiculares mais afetados foram os com morfologia
circular, seguido de canais ovais e achatados. A maior ocorréncia de canais circulares
se deve ao fato de que o grupo dentario mais afetado por fraturas radiculares na
amostra avaliada foram os molares (51.2%), com os canais mesiovestibulares sendo
0s mais acometidos (34.1%), seguido de pré-molares (29.3%) e dentes anteriores
(17.1%). Estes resultados reforgcam estudos prévios, que também evidenciaram uma
maior ocorréncia de fraturas radiculares em molares. Segundo os autores, isto se deve
a localizacdo dos mesmos nos arcos dentarios em areas de concentragao de forcas
oclusais (PRADEEPKUMAR et al., 2016; PATEL et al., 2022).

No presente estudo, ndo houve diferengas significativas quanto a dentina
remanescente nos dentes tratados endodonticamente e a ocorréncia de fratura
radicular. No entanto, estudos da literatura demonstram que a espessura dentinaria

remanescente pode influenciar na ocorréncia de fratura radicular, sugerindo que existe
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uma quantidade minima de dentina que deve ser preservada apds o tratamento
endodéntico para garantir que ndo ocorra a fratura (SOUSA et al., 2015; SILVA et al.,
2020). Com relagao ao alargamento do canal, os resultados foram estatisticamente
significantes, em casos de FRV o alargamento foi de 26,35% e em casos de FRO o

alargamento foi de 33.88%.
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7. CONCLUSAO

As FRO foram mais frequentes, seguido das FRVs, os dentes acometidos
apresentaram mais de um terco da raiz envolvidos. Os molares foram os dentes mais
envolvidos, devido a sua localizacdo e maior forga oclusal. O tratamento endodéntico
€ um fator etiolégico para a ocorréncia de fraturas radiculares, sendo necessarios mais
estudos como esse, para guiar o clinico e fornecer dados sobre até qual ponto o

alargamento do canal pode ocasionar fraturas radiculares.
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ABSTRACT

Introduction Microorganisms colonizing the apical root canal system are conceivably the ones
directly involved with the causation and maintenance of apical periodontitis. This article
systematically reviews the reports on the microbiome occurring exclusively at this region in
teeth with primary and posttreatment apical periodontitis.

Methods The electronic databases PubMed, Embase, Web of Science, and Science Direct
were searched up to May 2023 (PROSPERO: CRD42021275886). Clinical studies using
culture and molecular microbiology methods to identify the microbial taxa present exclusively
in the apical root canal segment of infected teeth with apical periodontitis were included.
Studies were critically assessed using the Joanna Briggs Institute Critical Prevalence
Assessment Checklist.

Results From 2277 articles initially detected, 52 were selected for full reading, and 21 were
eventually included in this review. Of these, molecular methods were used in 19 and culture in
2 studies. Ten studies evaluated primary infections, 8 evaluated posttreatment infections, and
3 included both. Cryopulverization of the apical root specimens was conducted in 11 studies.
Overall, the most frequent/abundant taxa found in the apical canal of primary infections were
Pseudoramibacter alactolyticus, Olsenella uli, Fusobacterium species, Streptococcus species,
Porphyromonas endodontalis, Prevotella species, Actinomyces species, Parvimonas micra,
Treponema denticola, and an as-yet uncharacterized taxon. In posttreatment infections, the
most prevalent/abundant taxa included species of Streptococcus, Enterococcus,
Fusobacterium, Actinomyces, Pseudoramibacter, Pseudomonas and Propionibacterium. At
the phylum level, Firmicutes was the most represented. The average apical bacterial load
ranged from 10°to 10°in primary infections and from 10° to 10* in posttreatment infections.
Conclusion There is a pronounced bacterial diversity in the infected apical canal, with a high
interindividual variability. Different microbiome compositions at the species/genus level are

observed according to the infection type.

Key-words: apical root canal system; microbiome; primary apical periodontitis; posttreatment

apical periodontitis
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INTRODUCTION

Apical periodontitis is an inflammatory disease in response to microbial infection of the root
canal system '. Given the proximity and direct access to the periradicular tissues, bacteria
located in the apical segment of the root canal can be regarded as the main culprits of apical
periodontitis 2. Bacteria have been reported to build biofilm communities in the apical canal
segment in the large maijority of cases of primary and posttreatment apical periodontitis, with
higher prevalences in teeth with large lesions (>5 mm in diameter on radiographs) and those
diagnosed as apical cysts 3. In teeth with posttreatment apical periodontitis, persistent bacterial
infection has been found in the apical canal in virtually all cases *. This strongly suggests a
role in the failure of the root canal treatment.

As a consequence, the apical region of the root canal system can be considered as a
critical territory °. Bacteria in this area can derive nutrients from the tissue fluids and
inflammatory exudate that seep into the canal via apical foramen and ramifications 2. In
addition, they establish a close interaction with the host cells and tissues that will invariably
result in inflammation and accumulation of the host defenses around the portal of exit of
bacteria to the periradicular tissues . Given their association with persistent disease *, this is
also a critical area for disinfection, cleaning, shaping and filling.

Since the introduction of sophisticated molecular methods in endodontic microbiology
studies, there has been a significant refinement and expansion in the list of candidate
pathogens associated with apical periodontitis . Curiously, despite these advances, only a
limited number of studies have focused on bacterial identification exclusively in the apical part
of the canal system. This may be mostly related to technological difficulties in effectively
sampling this specific area °.

Because bacteria located in the apical canal system are allegedly the most important
associated with the pathogenesis and maintenance of apical periodontitis, it becomes
imperative to determine the main taxa involved. Therefore, this study aimed to systematically
review the reports on the microbiome present in the apical root canal segment of infected teeth

with primary and posttreatment apical periodontitis.
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MATERIALS AND METHODS
Protocol and registration
This systematic review followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines'®. The protocol was registered in the International
Prospective Record of Systematic Reviews (PROSPERO: CRD42021275886).

Focused question

The question that guided this study was formulated using the PECO (population,
exposure, comparison, outcome) strategy: what is the microbiome present in the apical root
canal segment of teeth with primary or posttreatment apical periodontitis? Thus, the outcome
of the research question (O) was to identify the microbial taxa of the apical root canal in infected
teeth. The sample (P) was apical root segments (derived from periradicular surgery or
extraction) from adult patients, and the exposition (E) was primary or posttreatment apical
periodontitis. The comparative group (C) was not applicable.

Eligibility criteria

Cross-sectional clinical studies were included, which investigated the microbiome of
the apical segment of the root canal in teeth with primary or posttreatment infections using
molecular and/or culture methods. Samples consisted of resected root apexes from extracted
teeth or obtained by periradicular surgery. The exclusion criteria included studies that did not
specify the sampled root canal segment and those evaluating the extraradicular microbiome
associated with pus samples or lesion specimens.

Search strategy and selection of articles

This review was conducted in the following databases: Medline via PubMed
(www.pubmed.gov), Web of Sciences (http://www.isiknowledge.com), Science Direct
(www.sciencedirect.com), and Embase (https://www.embase.com) (Supplementary table).
Searches included only studies published in English up to May 22, 2023.

Three independent reviewers performed the electronic searches. Articles found in the
databases were exported to Rayyan (https://www.rayyan.ai) for management and to eliminate

duplicates. Before the article selection process, calibration of the reviewers was performed
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with a sample of 20 articles retrieved from the databases using the search strategy. Titles and
abstracts were analyzed for the screening of articles based on the eligibility criteria. The pre-
selected articles from the screening process underwent full-text analysis.

Data extraction

The following data were extracted from the articles included in the present review:
author(s), year of publication, country of origin, sample type (obtained by periradicular surgery
or extraction), infection/lesion type (primary or posttreatment), identification method (culture or
molecular), identified microorganisms, and limitations.

Risk of bias

Two reviewers performed independent analyses of the methodological quality of the
eligible studies. A third reviewer decided on the discordant cases. The Joanna Briggs Institute
(JBI) checklist for cross-sectional studies was applied to evaluate the risk of bias. Each of the
eight JBI questions was answered with 'Yes', 'No', 'Unclear’, or 'Not applicable'. A score of one
point was given for each 'Yes' answer, while a score of zero was assigned for ‘No' or 'Unclear’
responses. Overall scores for each paper were calculated as percentages, and the quality was

rated as high (80-100%), fair (50-79%), or low (< 50%).

RESULTS
Type of infection and sampling method
Initially, 2277 articles were identified, of which 727 were duplicates and were removed.
Of the 1550 articles that went through the stage of title and abstract selection, 52
remained for complete reading and analysis. The final sample consisted of 21 studies
(Figure 1). Ten studies investigated only primary infections '-2°, 8 only posttreatment
infections 228, and 3 included both types 2°-3",

Regarding the methods used for bacterial detection and identification, 2
studies used culture, while the other 19 studies used culture-independent molecular

microbiology methods. The characteristics of these studies are listed in Tables 1, 2,
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and 3. The countries with more publications were Brazil, China, and the United States
(Figure 2).

All included studies evaluated root apex specimens obtained either from
extracted teeth or after root-end resection during periradicular surgery. Extracted teeth
were used in 13 studies, with the length of the apical segment varying from 2 to 7 mm.
Apical segments obtained by periradicular surgery were used in 8 studies, with the
apical root segment ranging from 2 to 5 mm in length. For sample processing,
cryopulverization was employed in 11 studies '4-17.19.23-2527.2831 '|n one study, the root
apex specimens were triturated using orthodontic pliers 26. As for the other studies, 5
used endodontic files and paper points 1:.13.1820.29 gnd 2 studies used only endodontic
files 1230 to take samples from the root canal in the resected apical root segment; in
the other 2, samples were obtained by agitation and centrifugation of the root
specimens 2122,

Closed-ended molecular methods

Closed-ended methods are intended to identify targeted microbial species or
groups. Table 1 shows the studies that used closed-ended molecular methods for the
analyses of the apical microbiome; 3 in posttreatment and 6 in primary infections. The
number of samples that were positive for bacteria ranged from 12 to 38 in primary
infections and from 21 to 36 in posttreatment infections. Among the studies using
molecular methods, the reverse-capture checkerboard DNA-DNA hybridization was
used in 3 and the nested polymerase chain reaction (PCR) in 1 study evaluating
primary infections; real-time PCR was used in 3 studies of posttreatment infection and
in 1 study of primary infection (Figure 3).

In primary infections, Pseudoramibacter alactolyticus was one of the most prevalent

species-level taxon, with frequencies ranging from 6% to 44% '3'®2°_ Olsenella uli was found

in primary infections in 3 studies, with prevalence varying from 10.5% to 76.5% ''418,

Fusobacterium species, especially F. nucleatum, were found in 7 closed-ended studies, 5 from
78



primary (range, 8%-53%) and 2 from posttreatment infections (range, 14%-73.3%) '3'41&
202326 Streptococcus species were detected in 5 studies, 3 in primary (range, 21%-35%) and
2 in posttreatment infections (range, 76%-91.6) 381923 Actinobacteria species were always
detected in high prevalences: 2 studies of posttreatment infection (52%-97%)*?" and in 1 of

primary infection (53%) °.

Other relatively frequent taxa included Porphyromonas
endodontalis, black-pigmented Prevotella species, Treponema denticola, and an as-yet
uncultivated/uncharacterized taxon Bacteroidaceae [G-1] bacterium HMT 272 (also
Bacteroidetes oral clone X083).

Open-ended molecular methods from 1% and 3™ generations

Open-ended methods are intended to identify all microbial taxa, or at least the most
dominant ones, in a given sample. These methods comprise the 1st (culture), 3rd (PCR-
cloning-Sanger sequencing, PCR-DGGE) and 5th (NGS, see next section) generations of
endodontic microbiology studies 2. Table 2 shows studies that used open-ended methods, 1
that evaluated only primary infections by culture and 3 others using molecular methods to
evaluate posttreatment infections (2 studies) and both primary and posttreatment infections (1
study). The number of samples ranged from 10 to 18 per study of primary infections and from
8 to 34 in posttreatment infections.

In primary infections, the most prevalent taxa were F. nucleatum, P. endodontalis,
Prevotella species, Peptostreptococcus anaerobius, Synergistetes and Actinomyces species,
and Veillonella parvula (all above 50% of the cases) "% In posttreatment infections, the most
prevalent taxa were F. nucleatum, Anaeroglobus geminatus, Pseudomonas species,
Actinomyces species, Propionibacterium species, and Burkholderiales species, each being
found in more than 50% of the cases 2'%%%°,

Next-generation sequencing (NGS)

The studies using massively parallel NGS technologies are grouped in Table 3. The
number of samples evaluated ranged from 10 to 23 in cases of primary infection and 8 to 22
in posttreatment infection.

In primary infections, the most abundant phyla detected in the apical canal included

Firmicutes (25% —48%) 5% Proteobacteria (2.4% — 43%) '*303', Actinobacteria (5% — 30%)
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15163031 Bacteroidetes (9% — 26.6%) '5'%303  Fusobacteria (4.2%-16%) %, and
Synergistetes (9.9%) *. One study did not report on phyla abundance '". In posttreatment
infections, the most abundant phyla were Firmicutes (18% — 48.4%) 2425283031 'Proteobacteria
(4.8% — 46%) 2425283031 Actinobacteria (8% — 23.4%) 2+2°3%31 Bacteroidetes (9.5% — 19%)
24283031 and Fusobacteria (5.6% — 15%) 2425283931 Richness of the detected phyla are shown
in Table 3.

At the genus level, the following were more abundant in the apical canal of primary
infections: Fusobacterium (2% — 15%) '*'73°, Lactobacillus (11.2% — 14.3%) ®'", Prevotella
(5.6% — 12.7%) '®'", Actinomyces (7.5% — 11.9%) '®"", Streptococcus (4.4% — 8.4%) '®7,
Parvimonas (3.4% — 8%) '83°, Pseudoramibacter (3% — 8%) '*'®, Pyramidobacter (2.9% —
6.3%) '"3°, and Porphyromonas (2.7% — 5.6%) '"*°. As for posttreatment infections, the
following were the most abundant genera: Enterococcus (2.4% — 18.8%) 2224 Fusobacterium
(5.2% — 16%) 24252830 Streptococcus (3.4% — 12%) 24230 Actinomyces (2.3% — 4%) 24*°,
and Pseudoramibacter (2.8% — 3.5%) 2°*°. Genus richness is depicted in Table 3.

Fungi were detected in the apical canal segment with primary endodontic infection in
one study ", containing 5 + 2 OTUs (range 2-8) per sample. Candida and Malassezia were
the taxa found.

Number of taxa per apical canal

Data from closed-ended analysis showed a range of 1 to 25 distinct taxa per apical
canal. However, this information is biased and limited to the number of taxa targeted in each
study. Open-ended analysis in turn using culture revealed 4 to 6 species per canal, while PCR-
DGGE showed 9 to 26, and NGS studies found 13 to 184 species-level taxa; excluding a study
with too discrepant findings (235 to 654 taxa/canal) ?*.

Bacterial load in the apical canal

Only 4 studies quantified the total bacterial cells present in the apical canal segment.
Of these, 2 used culture to evaluate primary infections: Dougherty et al. '? reported a mean
3.89 x 10° bacterial cells per canal (range, 2 x 10" — 4.2 x 10°), while Baumgartner and Falkler
" found 1.08 x 10° cells/canal (range, 5.4 x 10* — 4.3 x 10°). The other 2 studies used

molecular methods and evaluated posttreatment infections: Siqueira et al. >’ reported a mean
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1.82 x 10° cell equivalents/canal (range, 1.53 x 102 — 1.18 x 10%) and Antunes et al. # found
5.7 x 10* (range, 4 x 10" — 3.7 x 10°)

Risk of bias

Regarding the risk of bias, the included studies were rated as fair quality (score 50-
70%), and among the 21 studies, all were rated as 'moderate risk'. A summary of the quality
appraisal ratings of each study is presented in Table 4. No manuscript was rejected based on
the quality appraisal, suggesting that despite the moderate risk of bias, the studies still provided

valuable and relevant data for a systematic review.

DISCUSSION

Knowledge about the microbial populations colonizing the apical portion of necrotic root canals
of teeth with apical periodontitis is of utmost importance because this is regarded as a critical
zone for infection control. Bacteria located in the apical segment of the canal system are
conceivably the ones directly involved with disease pathogenesis and those remaining in this
area after treatment have the potential to sustain periapical inflammation *°. The apical canal
third contains the most significant anatomical challenges compared to the middle and coronal
portions, including a large number of ramifications 3. The present systematic review evaluated
the bacterial diversity in the apical portion of the root canal system, compiling data from primary
and posttreatment infections. Rigorous inclusion criteria were applied in the study selection,
and the risk of bias was consistently rated as 'moderate’ for all the included studies. One
limitation was the heterogeneity of the studies, particularly in terms of sample taking and
microbial identification procedures, which precluded a meta-analysis.

According to this review, there are not many studies that have specifically
focused on investigating the apical microbiome of the root canal system. This is highly
likely to be due to the methodological difficulties in obtaining samples exclusively from
the apical segment of the canal during treatment °. Because the methods used for
taking samples from the root canals of teeth undergoing treatment or retreatment

cannot distinguish the exact region sampled, the most feasible approach is to resect
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the apical segment of extracted teeth or teeth subjected to periradicular surgery. While
the former permits the study of the apical microbiome in primary and posttreatment
apical periodontitis, the latter is typically used to evaluate cases of posttreatment
disease. All the studies included in this review used one or the other sample source.
The length of the apical segments ranged from 2 to 7 mm, which precludes us to
accurately refer to them as the “apical third”.

Once the root apex is resected, samples from the main root canal can be obtained by

111320 or agitation and/or centrifugation 2%, However, these

burs, paper points and/or files
methods cannot predictably retrieve microbial cells entrapped in the intricate anatomy of the
root canal system '3. To address these limitations, Alves et al.** proposed the use of cryogenic
grinding (cryopulverization) as an alternative approach. Since then, several studies have
adopted this methodology 7192325272831 | 11 of the selected studies, cryopulverization was
used to process the root apexes. An important limitation of cryopulverization, however, is that
it is a destructive approach, which does not allow for longitudinal analyses of samples taken in
different time periods °.

Of the studies included in this review, 19 used molecular methods in either closed- or
open-ended strategies for microbial identification, while 2 studies relied on culture, one for
closed-ended and the other for open-ended identification. Molecular methods are usually more
sensitive and some can be even more specific than culture, allowing the detection of difficult-
to-grow and even uncultivable microorganisms *°. Although the use of open-ended analyses
is essential to detect the most dominant taxa in the sample and provide information on the
overall community members, closed-ended approaches are generally more sensitive to detect
the target taxa, thus offering valuable information about their prevalence. *3°.

While only one study reported on detection of fungi in the apical canal of teeth with
primary infection, most studies evaluated the prevalence and diversity of bacteria. A high
interindividual variability in the composition of the apical microbioma was reported in all studies

16,22,25,29,34 ThIS agrees

using bacterial community profiling methods such as DGGE and NGS ">
with other studies evaluating the microbioma of the entire canal using the conventional paper
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point sampling 364

, and supports the concept that apical periodontitis is a disease with
heterogeneous etiology *'. Only a few studies compared the composition of the apical
microbiome with that found in the most coronal segments of the canal, with the results showing
a significant difference 41834,

Data evaluating the apical microbiome revealed Firmicutes was the most
represented/abundant phylum followed by Proteobacteria, Actinobacteria, Bacteroidetes, and
Fusobacteria. At lower taxonomic hierarchies, the most frequent/abundant taxa in teeth with
primary infections were Pseudoramibacter alactolyticus, Olsenella uli, Fusobacterium species,
Streptococcus species, Porphyromonas endodontalis, Prevotella species, Actinomyces
species, Parvimonas micra, Treponema denticola, Synergistetes species, and an as-yet
uncharacterized taxon Bacteroidaceae [G-1] bacterium HMT 272 (clone X083). As for species-
level taxa, those present in more than 20% of the cases of primary infections included F.
nucleatum (4 studies), P. alactolyticus (3 studies), clone HMT 272 and P. endodontalis (2
studies). Other 12 species were found in >20% prevalence in 1 study each. In teeth with
posttreatment infections, the most prevalent/abundant taxa occurring in the apical canal
included species of Streptococcus, Enterococcus, Fusobacterium, Actinomyces,
Pseudoramibacter, Pseudomonas and Propionibacterium. The species-level taxa found in
more than 20% of the teeth with posttreatment disease included F. nucleatum (2 studies), and
7 species in one study. E. faecalis was present in more than 20% of the specimens in one
study of primary and another one of posttreatment infection. All these most prevalent/abundant
taxa found in the apical canal have also been reported to be amongst the common member of
the endodontic microbiome when samples from the entire length of the main canal were
evaluated *>*3, The present results strengthen their association with apical periodontitis and
reinforce their status as candidate endodontic pathogens.

Another critical aspect is how many species-level bacteria compose the apical
microbiome (species richness). For this, data from open-ended studies are the most accurate.
In primary infections, a culture-based study reported a mean of 5 species/apical canal (range,
4-6) "'. Two PCR-DGGE analyses of apical specimens were published: one revealed a mean
)34

28 species/apical canal (range, 18-48)**, while the other found a mean 33 species (range, 16-
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50)?°. Open-ended studies from the 5th generation (NGS) are particularly effective in detecting
low abundance species-level bacteria, resulting in increased richness values. Three studies
evaluated primary infections and reported the following mean numbers of species-level taxa in
the apical canal: 37 (range, 13-80)'5; 44 (range, 13-111)'%; and 87 (46-184)"". Only two studies,
both using NGS, reported on the species richness in the apical canal of teeth with
posttreatment disease; one reported a mean 116 species-level taxa/ canal (range, 86-146)%;
and the other found 418 species-level taxa (range, 235-654). It is worth pointing out that the
latter study reported exceptionally discrepant findings, which could potentially be an outlier and
may require further investigation.

Development of an infectious disease is related not only to the type and number of
species, but also the counts of individual bacterial cells present (infectious load). Obviously,
the bacterial counts in the apical canal represent only a fraction of the overall counts in the full
canal, which may range from 10° to 10® in primary infections, and from 10° to 107 in
posttreatment infections **. Only a few studies have quantified the total bacterial cells in the
apical root canal segment and they reported an average apical bacterial load ranging from 10°
to 10°in primary infections and from 10° to 10* in posttreatment infections.

In conclusion, findings from this systematic review revealed a significant diversity of
bacterial taxa in the apical segment of infected root canals, which was more complex than
anticipated. There was a high interindividual composition in the apical microbiome. Differences
in the prevalence order of the detected taxa were verified among the studies and are possibly
related to the specificity/sensitivity of the detection methods for both primary and posttreatment
infections. While no significant variability at the phylum level was observed in both infection
types, differences were evident at the species/genus level. Further studies are required to
provide more details of the microbiome present in the apical canal of teeth with different types
of apical periodontitis, its association with clinical and radiographic features, as well as its

response to antimicrobial intracanal procedures.
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FIGURE LEGENDS

Figure 1. Flowchart illustrating the screening and article selection approaches.

Figure 2. Publications by country.

Figure 3. Methods used to identify microorganisms according to the study.

CLINICAL RELEVANCE

The study emphasizes the importance of understanding the bacterial diversity in the apical

segment of infected root canals, which plays a critical role in the pathogenesis and persistence

of apical periodontitis. This knowledge can guide effective infection control strategies.
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Table 1. Closed-ended studies to evaluate the apical microbiota

Reference

N
(sample)

N (samples
positive for
bacteria)

Sample
type

Apical
fragment
length

Identification
method

Infection type

Most prevalent taxa Mean no.
species-level
taxal/canal
(range)

Dougherty et al., 1998

18

12

Extracted
teeth

7 mm

Culture

Primary infection

Black-pigmented bacteria (67%) Not reported
Prevotella nigrescens (50%)

Prevotella melaninogenica (16.6%)

Porphyromonas gingivalis (5.5%)

Prevotella intermedia (5.5%)

Siqueira et al., 2004

23

17

Extracted
teeth

5mm

Nested PCR

Primary infection

Pseudoramibacter alactolyticus (44%) Not reported
Treponema denticola (26%)

Fusobacterium nucleatum (26%)

Porphyromonas endodontalis (17%)

Filifactor alocis (9%)

Dialister pneumosintes (4%)

Porphyromonas gingivalis (4%)

Tannerella forsythensis (4%)

Siqueira et al., 2009

20

19

Extracted
teeth

5mm

Checkerboard

Primary infection

Pseudoramibacter alactolyticus (32%) Ranged 1-6
Bacteroidetes clone oral X083 (26%)
Streptococcus species (21%)

Olsenella uli (10.5%)

Synergistetes oral clone BA121 (10.5%)
Fusobacterium nucleatum (10.5%)
Porphyromonas endodontalis (10.5%)
Dialister clone oral BS016 (5%)
Parvimonas micra (5%)

Treponema denticola (5%)

Filifactor alocis (5%)

Rogas et al., 2010

17

17

Extracted
teeth

4-6 mm

Checkerboard

Primary infection

Olsenella uli (76.5%) 8 (1-25)
Prevotella baroniae (71%)

Porphyromonas endodontalis (65%)

Fusobacterium nucleatum (53%)

Tannerella forsythia (47%)

Antunes et al., 2015

27

21

Root-end
resection

3-5mm

Real-time PCR

Posttreatment
infection

Streptococcus species (76%) Not reported
Actinobacteria species (52%)

Pseudoramibacter alactolyticus (19%)

Enterococcus faecalis (14%)

Fusobacterium species (14%)

Parvimonas micra (14%)

Pereira et al., 2017

30

30

Root-end
resection

3 mm

Real-time PCR

Posttreatment
infection

Dialister pneumosintes (73.3%) 4 (1-8)
Fusobacterium nucleatum (73.3%)



Tannerella forsythia (53.3%)
Aggregatibacter actinomycetemcomitans
(23.3%)

Porphyromonas gingivalis (16.6%)
Prevotella intermedia (13.3%)
Treponema denticola (13.3%)
Porphyromonas endodontalis (10%)
Prevotella nigrescens (3.3%)

Tatikonda et al., 2017

40

38

Extracted
teeth

5-6 mm

Checkboard

Primary infection

Pseudoramibacter alactolyticus (32%) Not reported
Bacteroidetes clone X083 (26%)

Streptococcus species (21%)

Olsenella uli (10.5%)

Synergistetes clone BA121 (8%)

Fusobacterium nucleatum (8%)

Porphyromonas endodontalis (8%)

Takahama et al., 2018

17

Extracted
teeth

5mm

Real-time PCR

Primary infection

Actinobacteria species (53%) Not reported
Streptococcus species (35%)

Fusobacterium species (18%)

Parvimonas micra (18%)

Porphyromonas endodontalis (12%)

Dialister species (12%)

Pseudoramibacter alactolyticus (6%)

Filifactor alocis (6%)

Siqueira et al., 2020

36

36

Root-end
resection

3-5mm

Real-time PCR

Posttreatment
infection

Actinobacteria species (97%) Not reported
Streptococcus species (91.6%)
Enterococcus faecalis (19 %)




Table 2. Open-ended studies from the first (culture) and third (molecular methods) generations to evaluate the apical microbiota

Reference N (sample) N (samples Sample type Apical Identification Infection type  Most prevalent taxa Mean no.
positive for fragment method species-level
bacteria) length taxal/canal

(range)

Baumgartner & 10 10 Extracted 5mm Culture Primary Prevotella intermedia (50%) 5 (4-6)

Falkler,1991 teeth apical infection Prevotella buccae (50%)

Peptostreptococcus anaerobius (50%)
Veilonella parvula (50%)
Lactobacillus species (40%)
Enterococcus faecalis (40%)
Streptococcus mutans (30%)
Fusobacterium nucleatum (30%)
Actinomyces species (20%)
Actinomyces naeslundii (20%)
Subramanian et 34 33 Root-end 2-3 mm PCR, cloning Posttreatment Enterococcus faecalis* (11.5%) Not reported
al., 2009 resection and sequencing infection Burkholderia cepacia* (8.8%)
Bifidobacterium dentium™ (4.8%)
Streptococcus gordoni* (4.1%)
Campylobacter gracilis* (3.8%)
Firmicutes oral clone CK057* (3.3%)
Achromobacter xylosoxidans™* (3.0%)
Chugal et al., 2011 26 26 Extracted 5mm PCR-DGGE Primary Primary infection Primary
teeth infection Fusobacterium nucleatum ssp. animalis infection
(n=18); (68%) 33 (16-50)
Posttreatment Fusobacterium nucleatum ssp. nucleatum
infection (n=8)  (68%) Posttreatment
Porphyromonas endodontalis (57.8%) infection
Synergistetes species (57.8%) 16 (9-26)

Actinomyces species (57.8%)
Anaeroglobus geminatus (47%)

Posttreatment infection

Fusobacterium nucleatum ssp. nucleatum
(80%)

Fusobacterium nucleatum ssp.animalis
(70%)

Anaeroglobus geminatus (50%)
Pseudomonas species (50%)
Burkholderiales species (50%)
Actinomyces species (50%)
Enterococcus faecalis (40%)




Propionibacterium species (40%)
Comamonadaceae (30%)

Wang et al., 2012 23 13 samples
subjected to

identification

Root-end
resection

3 mm

PCR-DGGE

Posttreatment
infection

Actinomyces oral clone EL030 (84.6%)
Propionibacterium oral clone HE018
(61.5%)

Propionibacterium propionicus (46.2%)
Uncultured clone ncd2794c06¢1 (38.5%)
Porphyromonas endodontalis (30.8%)
Capnocytophaga gingivalis (15.4%)
Dialister invisus (23.1%)
Pseudoramibacter alactolyticus (23.1%)
Bilophila wadsworthia (15.4%)
Firmicutes oral clone CK057 (7.7%)

Not reported

*Data provided as abundance (% clones)
PCR, polymerase chain reaction
DGGE, denaturing gradient gel electrophoresis



Table 3.

Next-Generation Sequencing (NGS) studies to evaluate the apical microbiota

Reference N (samples) N (samples NGS platform Infection Mean no. No. Phylum Phylum Genus Genus (richness)
positive for type species- different (abundance) (richness) (abundance)
bacteria) level phyla
taxa/canal
(range)
Siqueiraetal., 10 extracted 10 Pyrosequencing  Primary 37 (13-80) 10 Proteobacteria Firmicutes (65) Fusobacterium Pseudomonas (5)
2011 teeth infection (43%) Proteobacteria (15%) Bacteroidetes (4)
Firmicutes (25%) (57) Pseudoramibacter Bacillus (4)
(4-6 mm) Fusobacteria Bacteroidetes (8%) Atopobium (3)
(15%) (20) Novosphingobium Eubacterium (3)
Bacteroidetes (8%) Fusobacterium (3)
(9%) Ralstonia (6%) Mogibacterium (3)
Actinobacteria Bacteroides (5%) Streptococcus (3)
(5%)
Ozok et al, 23 extracted 23 Pyrosequencing  Primary 44 (13-111) 24 Firmicutes (48%) Not defined. Lactobacillus Not reported
2012 teeth infection Actinobacteria (14.3%)
(30%) Actinomyces
(1/2 root) Bacteroidetes (11.9%)
(12%) Streptococcus
(8.4%)
Actinobacteria 6.9%
Prevotella  (6.1%)
Parvimonas (3.4%)
Pseudoramibacter
(3%)
Bacteroidales
(2.7%)
Veillonella (2.5%)
Fusobacterium
(2.0%)
Peptostreptococcus
(2.0%)
Ping et al, 20 root-end 20 Pyrosequencing  Posttreatment 418 20 Firmicutes (31%) Firmicutes (564)  Streptococcus Prevotella (564)
2015 resection infection (235-654) Proteobacteria Proteobacteria (12%) Streptococcus
(23%) (428) Burkholderia (8%) (104)
(3 mm) Bacteroidetes Bacteroidetes Prevotella (7%) Actinomyces (102)
(19%) (359) Fusobacterium (7%) Capnocytophaga
Fusobacteria Actinobacteria Veillonella (5%) (76)

(12%)

(241)

Leptotrichia (5%)

Burkholderia (71)




Actinobacteria Fusobacteria Capnocytophaga Fusobacterium
(10%) (158) (4%) (59)
Synergistetes Actinomyces (4%) Leptotrichia (55)
(2%) Veillonella (40)
Spirochaetes (2%)
Siqueiraetal., 10 root-end 10 lllumina MiSeq Posttreatment 116 (86-146) 11 Proteobacteria Proteobacteria Fusobacterium Not reported
2016 resection infection (46%) (192) (15.3%)
Firmicutes (18%) Firmicutes (137)  Unclassified
(3-5 mm) Fusobacteria Actinobacteria (14.4%)
(15%) (53) Pseudomonas
Actinobacteria Fusobacteria (11%)
(8%) (51) Stenotrophomonas
Unclassified (41) (5.2%)
Bacteroidetes Rhodococcus
(26) (4.8%)
Synergistetes Alcanivorax (4.2%)
(21) Rhizobium (4.0%)
Spirochaetes (9) Pseudoramibacter
Chloroflexi (4) (2.8%)
Alcaligenes (2.7%)
Pyramidobacter
(2.5%)
Enterococcus
(2.4%)
Persoon et 26 extracted 23 lllumina MiSeq Primary 87 (46-184) Not Not reported Not reported Bacteriome Not reported
al., 2017 teeth infection reported Prevotella (12.7 %)
Lactobacillus
(1/2 root) (11.2%)
Actinomyces (7.5 %)
Fusobacterium
(7.2%)
Atopobium (6.9 %)
Streptococcus
(4.4%)

Leptotrichia (4.3 %)
Phocaeicola (3.5 %)
Pyramidobacter (2.9
%)

Porphyromonas
(2.7%)

Mycobiome

Candida (90.7%)




Malassezia (7.9%)

Bouillaguet et 43 extracted 43 lllumina MiSeq Primary Not reported 18 Primary infection Firmicutes (703) Primary infection Prevotella (112)
al., 2018 teeth infection Firmicutes (36%) Bacteroidetes Fusobacterium Treponema (50)
(n=21); Bacteroidetes (434) (15.9%) Lachnospiraceae_
(5 mm) Posttreatment (23.8%) Proteobacteria Parvimonas (8.0%)  Unclassified (26)
infection Fusobacteria (227) Pyramidobacter Bacteroides (22)
(n=22) (16%) Actinobacteria (6.3%) Alloprevotella (18)
Synergistetes (158) Porphyromonas Actinomyces (16)
(9.9%) Spirochaetes (5.6%) Lactobacillus (16)
Actinobacteria (55) Prevotella (5.6%) Catonella (15)
(6.4%) Tenericutes (44)  Bacteroides (5.0%)  Corynebacterium
Proteobacteria Lentisphaerae Fretibacterium (14)
(2.4%) (34) (3.5%) Mitsuokella (12)
Saccharibacteria  Dialister (3.4%) Leptotrichia (9)
Posttreatment (20) Alloprevotella Porphyromonas
infection Cyanobacteria (3.0%) (9)
Firmicutes (17) Treponema (3.2%) Capnocytophaga
(48.4%) Fusobacteria (8)
Actinobacteria (15) Posttreatment Olsenella (8)
(23.4%) Synergistetes infection (Average) Streptococcus (8)
Bacteroidetes (9) Enterococcus Bifidobacterium
(9.5%) Chloroflexi (7) (18.8%) (7)
Fusobacteria Propionibacterium Bulleidia (7)
(5.6%) (9.9%) Dialister (7)
Proteobacteria Fusobacterium Pseudomonas (7)
(4.8%) (5.2%) Megasphaera (6)
Synergistetes Bacteroides  (4%) Campylobacter (3)
(4.5%) Olsenella (3.7%)
Pseudoramibacter
(3.5%)
Schwartzia (3.5%)
Streptococcus
(3.4%)
Parvimonas (2.6%)
Actinomyces (2.3%)
Qian et al., 31 extracted 50 lllumina Mi-Seq Primary Not reported 26 Primary infection Not reported Not reported Not reported
2019 teeth infection (23) specifically Firmicutes
Posttreatment  for diseased (25.6%)
(2 mm) infection (8) teeth Bacteroidetes
(26.6%)
Proteobacteria

(25.3%)




Actinobacteria
(11%)
Fusobacteria
(4.2%)

Posttreatment
infection
Proteobacteria:
(28.7%)
Firmicutes:
(26.2%)
Bacteroidetes
(17.3%)
Actinobacteria
(13.6%)
Fusobacteria
(8.6%)

Pérez-
Carrasco
al., 2023

et

38 root-end
resection
(segment
length not
reported)

21

lllumina Mi-Seq

Posttreatment
infection

Not reported

21

Firmicutes (38%)
Bacteroidetes
(19%)
Fusobacteria
(14%)
Proteobacteria
(10%)
Synergistetes
(7%)

Not reported

Fusobacterium
(16%)
Streptococcus
(7.6%)
Porphyromonas
(5.9%)
Enterococcus
(4.8%)
Pseudomonas
(4.7%)

Not reported




Table 4. Methodological quality of the studies

Methodological items Score %

1 2 3 4 5 (5 7 8
Study reference Were the Were the study Was the Were objective, Were Were strategies Were the Was

criteria for subjects and exposure standard criteria confounding to deal with outcomes appropriate

inclusion in the setting measuredina used factors confounding measured ina statistical

the sample described in valid and measurement of identified? factors stated? valid and analysis

clearly detail? reliable way? the condition? reliable way? used?

defined?
Baumgartner & Falkler,1991 Yes Yes Yes Yes No No Yes Yes 6 75
Dougherty et al., 1998 Yes Yes Yes Yes No No Yes Yes 6 75
Siqueira et al., 2004 Yes Yes Yes Yes No No Yes Yes 6 75
Siqueira et al., 2009 Yes Yes Yes Yes No No Yes Yes 6 75
Subramanian et al.,2009 Yes Yes Yes Yes No No Yes Yes 6 75
Régas et al., 2010 Yes Yes Yes Yes No No Yes Yes 6 75
Chugal et al., 2011 Yes Yes Yes Yes No No Yes Yes 6 75
Siqueira et al., 2011 Yes Yes Yes Yes No No Yes Yes 6 75
Ozok et al., 2012 Yes Yes Yes Yes No No Yes Yes 6 75
Wang et al., 2012 Yes Yes Yes Yes No No Yes Yes 6 75
Antunes et al., 2015 Yes Yes Yes Yes No No Yes Yes 6 75
Ping et al., 2015 Yes Yes Yes Yes No No Yes Yes 6 75
Peerson et al., 2016 Yes Yes Yes Yes No No Yes Yes 6 75
Siqueira et al., 2016 Yes Yes Yes Yes No No Yes Yes 6 75
Pereira et al., 2017 Yes Yes Yes Yes No No Yes Yes 6 75
Tatikonda et al., 2017 Yes Yes Yes Yes No No Yes Yes 6 75
Bouillaguet et al., 2018 Yes Yes Yes Yes No No Yes Yes 6 75
Takahama et al., 2018 Yes Yes Yes Yes No No Yes Yes 6 75
Qian et al., 2019 Yes Yes Yes Yes No No Yes Yes 6 75
Siqueira et al., 2020 Yes Yes Yes Yes No No Yes Yes 6 75
Pérez-Carrasco et al., 2023 Yes Yes Yes Yes No No Yes Yes 6 75




Identification

Records identified from:
PubMed: 1020

Web of science: 317
Embase: 541

Science direct: 398

Records removed before
screening:
Duplicate records removed (n
=727)

Records excluded
(n = 1498)

Reports excluded: 31

Reason 1: microbiological
sample with file and/or paper
point from the entirely root
canal

Reason 2: abscess aspiration
Reason 3: tooth extraction
but did not delimit the third

N’/
N
Records screened
(n =1549)
o
=
S
(]
<
®
Full-text articles assessed for
elegibility (n =51)
—
° Studies included in the review
s (n = 20)
(%]
£
N’
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ABSTRACT

Introduction: This systematic review compared the safety of engine-driven and
manual instruments in terms of fracture rate and other accidents when used by
inexperienced students, who have never had contact with mechanized instruments.
Methods: The study followed the PRISMA guidelines and was registered on
PROSPERO (CRD42021289545). The research question, formulated using the PECO
strategy, focused on identifying the system with the lowest fracture rate (O) when
utilized by inexperienced students (P), specifically comparing manual (E) and engine-
driven (rotating or reciprocating) (C) techniques. Databases, including Medline via
PubMed, Web of Science, EMBASE, and SCOPUS, were searched to identify studies
investigating the fracture rate of engine-driven systems and manual techniques used
by inexperienced students. The methodological quality of the included studies was
assessed using the Joanna Briggs Institute Critical Appraisal Checklist. Results: Out
of 1364 articles initially obtained, the final sample included 13 studies. Results
regarding the fracture rate of the instruments revealed that in 8 studies, engine-driven
instruments demonstrated either zero or lower rates of fracture and other accidents
compared to manual techniques, while 5 studies reported lower fracture rates with
manual files. Conclusion: In conclusion, when utilized by inexperienced students,
engine-driven systems showed either zero or lower fracture rates and accidents
compared to manual systems. Moreover, treatment outcomes achieved with engine-
driven instruments were superior and required less operation time.

Key-words: instrument fracture, engine-driven, manual systems
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INTRODUCTION

Learning and acquiring practical skills during Dentistry graduation is widely
acknowledged as a complex and highly demanding process ' 2. Among the challenging
subjects for undergraduates, endodontics stands out due to the specific skills it
demands, including the development and refinement of tactile sensitivity,
understanding of external and internal dental anatomy, accurate diagnosis, and
mastery of various treatment stages 3. Additionally, the variable and intricate
morphology of the root canal system poses a significant challenge for dental students
4.

Over time, endodontics has witnessed significant advancements, particularly with
the introduction of nickel-titanium (Ni-Ti) instruments featuring superelasticity and
shape memory effects, significantly reducing accident rates °. This progress was
further enhanced by the utilization of motors for instrument activation. However, the
initial introduction of engine-driven Ni-Ti systems was accompanied by a surge in
accident rates due to untreated metallic alloys, limited instrument designs, and
continuous rotation as the sole activation mode. As a result, some resistance to
incorporating engine-driven NiTi instruments in undergraduate courses emerged,
persisting in certain institutions today ¢,

One of the most frequent and challenging issues encountered during root canal
preparation is instrument fracture, which can result from torsional or cyclic fatigue °.
Both manual and engine-driven techniques carry the risk of instrument fracture, making
laboratory training crucial for undergraduates to prevent such accidents, as well as
steps, perforations, and canal transportation 4. However, studies investigating the
learning curve, accident rates, and students' perceptions of using engine-driven
instruments are scarce '. Notably, there has been no systematic review of the literature

to compile and discuss the evidence on the utilization of engine-driven systems by
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inexperienced students who have never had contact with these instruments, especially
in the context of undergraduate courses. Understanding this information is vital for
curriculum planning and enhancing the learning process °.

This systematic review compared the safety of manual and engine-driven
systems in terms of fracture rate and other accidents when used by inexperienced
students, who have never had contact with mechanized instruments. Besides, the
evidence regarding introducing engine-driven systems in undergraduate dentistry

courses was critically examined and discussed.

MATERIALS AND METHODS

Protocol and registration

This systematic review was conducted following the PRISMA guidelines
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) '" and was
registered on PROSPERO (International Prospective Registry of Systematic Reviews)
with the registration number CRD42021289545. The research question was
formulated using the PECO strategy, aiming to determine the system (manual/engine-
driven) with the lowest fracture rate and other accidents (O) when used by
inexperienced students (who have never had contact with engine-driven instruments)
(P), comparing manual (E) and engine-driven (rotary/reciprocating) systems (C).

Eligibility Criteria

The inclusion criteria comprised cross-sectional or cohort-retrospective studies
that directly compared the fracture rates and other accidents between engine-driven
and manual instruments used by inexperienced students, who have never had contact
with rotary/reciprocating instruments. On the other hand, studies that did not directly
compare engine-driven and manual instruments or focused on experienced

professionals were excluded.
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Search strategy and selection of articles

Two independent reviewers conducted comprehensive searches in 4 databases:
Medline via PubMed (www.pubmed.gov), Web of Sciences
(http://www.isiknowledge.com), EMBASE (https://www.embase.com), and SCOPUS
(scopus.com). The search was restricted to articles published until October 16, 2021,
and only articles in the English language were considered for inclusion.

After exporting the retrieved articles to Rayyan (https://www.rayyan.ai) to remove
duplicates, the reviewers performed an initial screening based on titles and abstracts.
Before this process, the reviewers were calibrated to ensure consistency in applying
the inclusion and exclusion criteria using the first 10 studies retrieved. Subsequently,
a second selection round was conducted by thoroughly reading the full manuscripts.
In disagreements between the two reviewers, a third reviewer was consulted to make
the final decision.

Data Extraction

The data extraction involved obtaining the following information: reference details
(authors, publication year, and journal); study design; sample type and its anatomical
characteristics; evaluation method (radiographs, medical records, or questionnaires);
rates of instrument fracture and other accidents; quality of endodontic treatment; time
taken to complete root canal preparations; teeth with the highest error rate;
assessment of learning; and students' preference, satisfaction and difficulties.

Risk of bias

Two independent evaluators thoroughly assessed the studies' methodological
quality using the Joanna Briggs Institute Critical Appraisal Checklist

(https://joannabriggs.org/). Two checklists, one for cross-sectional and another for

cohort studies, were applied. For each question on the checklists, the evaluators

provided responses of "yes," "no," "unclear," or "not applicable." Points were assigned
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for "yes" responses, while "no" or "unclear" responses received zero points. The
maximum possible scores were 8 for cross-sectional and 10 for cohort studies. The
scores were then converted into percentages to determine the quality of each study,
which was categorized as high (100-80%), moderate (50-79%), or low (<50%). A third

reviewer decided on the discordant cases.

RESULTS

The electronic search yielded 1364 articles, from which 246 duplicates were
removed. In the title and abstract selection stage, 1118 articles were screened.
Following a thorough evaluation, 40 articles were shortlisted for full-text reading. After
careful examination, 13 articles were ultimately included in the review, while 27 were
excluded for various reasons (see Figure 1). The selected studies comprised 7 cross-
sectional designs, 5 retrospective studies, and 1 study that employed both
methodological approaches (Table 1).

The included studies exhibited significant methodological heterogeneity. Some
studies utilized extracted teeth or resin blocks as samples, while others were clinical
or retrospective. Regarding the evaluation method, 4 studies relied on radiographs and
medical records, 3 used photographs taken before and after instrumentation, and 2
employed questionnaires for data collection.

The methodological quality assessment of the included studies revealed that the
cross-sectional studies obtained scores ranging from 50% to 75%, indicating a
moderate risk of bias. As for the retrospective cohort studies, 4 were rated as having
a moderate risk of bias, while 2 were considered to have low methodological quality,
indicating a higher risk of bias (Supplementary tables 2 and 3).

In the evaluation of instrument fracture, a total of 11 studies compared engine-

driven rotary instruments with manual, while 1 study compared a hybrid technique

10¢&



(reciprocating and rotary) with either a rotary system or a manual technique, and only
1 study compared a reciprocating system with a manual system. Among the studies, 8
demonstrated either the absence of fracture when using engine-driven instruments or
lower fracture rates compared to manual techniques '?'7. Conversely, 5 studies
reported lower fracture rates with manual files ® 821, and 1 study did not find significant
differences between the two systems 22 (Table 2).

Among the most frequent errors encountered, ledge and canal transportation
were the most mentioned (Table 3) . Engine-driven systems were found to significantly
reduce the occurrence of ledge creation compared to manual techniques in most
studies 1% 13.20.22 However, no significant differences were observed in terms of canal
transportation 14 19

Regarding specific tooth types, mandibular molars showed the highest rates of
iatrogenic incidents during root canal preparation, followed by maxillary molars '3 1521,
The apical third of the root canals was identified as the region with the highest fracture
rate, accounting for 80-90% of cases, predominantly observed in the mesial canals of
molars 1215,

Some studies (n = 5) assessed undergraduate students' learning curve, and all
reported a more significant learning improvement with engine-driven systems
compared to manual, encompassing aspects of performance, technique assimilation,
and perceived safety 1013171820  Regarding student perceptions, most studies
indicated that engine-driven systems were safer than manual instruments, with only
one study showing the opposite trend 2°. Additionally, students found the technique
with engine-driven instruments to be more straightforward and better understood.
Furthermore, all studies comparing the preparation time revealed that engine-driven
systems were faster than manual methods 101216171820 | astly, undergraduate

students exhibited a high level of satisfaction with the use of motor-driven systems in
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their courses 1918,

DISCUSSION

This systematic review aimed to critically examine and discuss the evidence
regarding introducing engine-driven systems in undergraduate dentistry courses.
Studies evaluating the performance of inexperienced students with no prior exposure
to rotary/reciprocating systems were carefully reviewed. The findings strongly support
adopting such systems, as they demonstrate improved safety, a lower learning curve,
and faster performance than manual instruments. Moreover, the high level of student
satisfaction emphasizes the positive impact and motivational potential of this approach.
Notably, this review represents the first systematic review to address this question,
considering an extensive search of electronic databases. These results offer valuable
insights for educational institutions aiming to optimize endodontic training for
undergraduate students.

This review showed that engine-driven systems offer superior root canal
preparations, particularly in centralizing and preserving root canal anatomy. Moreover,
undergraduate students perceived these systems as safer, and errors were lower than
manual instruments 12 13.19.20. 22 These findings are consistent with the continuous
improvement of engine-driven systems, with advancements in alloy, surface treatment,
and design contributing to enhanced performance over time 12 1320, Only one study
reported contrasting findings, which could be attributed to the significant number of
molars involved 2, with a higher difficulty level. Additionally, methodological variations,
including the choice of instrumentation systems and previous laboratory training, could
have contributed to the differences observed in other studies > ® 20, Furthermore,
concerning other errors like perforations, ledge formation, and root canal

transportation, it became evident that engine-driven systems substantially decreased
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the occurrence of these accidents compared to manual 3.

Indeed, the utilization of engine-driven systems demonstrated notable
advantages in speed and effectiveness during endodontic treatment, as evidenced by
several studies 1% 12 19.20. 24 The reduced treatment time also contributes to enhanced
patient comfort, as fewer sessions are required for completion. However, it is crucial to
consider potential drawbacks associated with faster preparations. One significant
concern is the reduced action of the irrigating solution inside the root canal, which may
hinder thorough disinfection and debris removal, potentially compromising the
treatment's overall success, especially in infected canals 2% 2°. However, increasing the
time of contact and volume of the irrigant during the preparations with engine-driven
systems compensates for their disinfection ability, and it is easy to perform 25 28,

Itis important to acknowledge the limitations of this systematic review. One major
limitation was the heterogeneity observed among the included studies, which hindered
the possibility of conducting a meta-analysis. Another limitation was the relatively low
number of included studies, underscoring the need for more investigations in this area.
Despite these limitations, it is noteworthy that the included studies generally
demonstrated good methodological quality, with only two exceptions ' 22, The issues
identified in these studies were related to confounding factors and poorly characterized
samples.

The continuous improvement of endodontic instruments, coupled with the
advancement of endodontic motors, has enabled the integration of engine-driven
instruments into undergraduate courses with proven safety and efficacy 2°.
Nevertheless, it is crucial to highlight that students should know the specific engine-
driven system used and be familiar with the complexities of root canal anatomy 2'.
Reciprocating systems may be favorable because they offer a simplified technique and

demonstrate promising outcomes concerning fracture rates and accidents 23.
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Furthermore, multiple studies suggest reciprocating techniques exhibit disinfecting
abilities comparable to multi-file techniques 27-0.

In the present context, it is essential to clarify that the findings of this review do
not undermine the significance of manual instruments or suggest that they are obsolete
or unnecessary. Manual instruments continue to play a crucial role in endodontic
treatment, especially in addressing specific anatomical challenges that may be better
suited to manual manipulation. Moreover, hand files remain a cost-effective option for
root canal treatment, with their efficacy supported by a wealth of research.

However, it would be unwise for educators and institutions to disregard the
technological advancements in endodontics and withhold the knowledge and use of
engine-driven instruments from undergraduate students. The evidence presented in
this review underscores the benefits of introducing engine-driven systems into
undergraduate courses, including enhanced safety, a lower learning curve, and
improved treatment efficiency. Denying students exposure to such advancements may
limit their future proficiency in adopting new techniques and technologies in their dental

practice.

CONCLUSION

Studies consistently show that engine-driven instruments are safer and easier to learn
than manual files for inexperienced students. They have lower fracture rates, fewer
errors, and faster learning curves. Engine-driven instruments also produce superior
technical quality of treatments, which can improve patient care. While manual
instruments are still essential in some cases, denying students exposure to engine-

driven technology would be counterproductive.
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FIGURE LEGENDS

Figure 1. Flowchart illustrating the screening and article selection approaches.
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Table 1. Characteristics of the included studies

Reference Study type Sample used: Anatomical Quality of Time canal Learning curve Authors’
(retrospective or extracted tooth/ characteristics of endodontic preparation conclusions
cross-sectional resin block/ the canals treatment

printed tooth
Abu-Tahun et al., Retrospective Molar mandibular Not available Significantly better Less time with Not available Mechanized
2014 and molar maxillary root canal shaping engine-driven instrumentation
(evaluation of and less incidence instruments  than provided better
clinical care in of deviation with with manual (time in results, and in less
patients) engine-driven min not available) time.
instruments  than
with manual

Alrahabi,2005 Cross-sectional Simulated canals in  The taper of the Significantly better Less time with Stainless steel file Instrumentation with
resin blocks simulated canalwas root canal shaping engine-driven was considered hand files is safer

0.2, 17 mm length, and less incidence instruments (7.33 safer than engine-driven
coronary third of deviation with min) than  with instrumentation for
straight of 12 mm engine-driven manual (17.24 min) inexperienced
length and apical instruments than undergraduates.
third curve with 5 with manual
mm length, and 40-
degree curve

Alves et al., 2013 Cross-sectional Extracted tooth Maxillary and Higher error rate for Less time with Not available The frequency of
mandibular molars, BioRace 5 (45.5%), engine-driven errors during the
less than 22 mm in K3 and flexo-file3 instruments 17 procedures was low,
length, mesiobuccal (27.27%) min) than  with regardless of the
root canal with a manual (43 min) system, even with
radius of curvature inexperienced
>4 and <8 mm operators.

Cheung; Liu 2009 Retrospective Dental records Not available Engine-driven Not available Not available The success rate
instruments showed was higher for the
fewer errors group that wused
(deviation) and engine-driven
better quality of instruments
endodontic compared to
treatment manual.

Coelho; Tawil 2017  Retrospective Endodontic Teeth with a single Engine-driven Not available Engine-driven The hybrid
treatment in  root canal, straight instruments instruments technique  (rotary
patients provided lower provided greater and reciprocating)

incident rates as safety due to low provided good
ledges accident rates. safety low rate of

ledge creation, with




no fracture
occurrences.

Haug et al., 2018 Retrospective Endodontic Not available No significant Not available Not available Students must know
treatment in differences in the engine-driven
patients endodontic mishaps system

during root canal at graduation.
preparation

between the hand

and engine-driven

groups

Kfir et al., 2004 Cross-sectional Endodontic Not available Not available Not available Not available The insertion of new
treatment in instrumentation
patients methods in

graduation provided
fewer errors than
the manual
technique alone.

Martins et al.,, 2012  Cross-sectional Endodontic Teeth with straight 97 students (84.3%) Less time with The students had The NiTi rotary
treatment in and curved canal classified their engine-driven similar views (in technique could be
patients treatments as good. instruments  than both groups, safely introduced

Seventeen students  with manual (time in  manual and into the

(14.8%), 13 of minutes not mechanized undergraduate
whom were in g2, available) instruments) of their dental curriculum,
classified their learning during the resultingina
treatments as endodontic substantial
adequate and only treatments improvement in the
one student in g1 quality

(0.9%) classified of root canal
them as poor treatment.

Pedir et al., 2016 Retrospective and Endodontic Curved and narrow Not available Not available Not available Did not bring it up

cross-sectional treatment in root canals clearly. This study
patients compares the index
of instrument
fracture  between
students and
dentists.

Steffen et al.,, 2005  Cross-sectional Resin block Curved plastic Both techniques Without differences Engine-driven The  mechanized
blocks - curvature showed unprepared between engine- instruments system showed
angle of 30 degrees areas in the apical driven and manual provided greater better results than
and coronal portion, mainly in instruments safety the manual.

diameter (1.15 mm)

the curvature (in the
middle third of the
canal, only manual




instruments showed
unprepared areas).

The coronal
diameter was
irregular and wider
in canals

instrumented  with
hand files.

Sonntag et al., 2003 Cross-sectional Resin block Simulated canal in Correct preparation Less time with Engine-driven The students
acrylic resin with a length was engine-driven system was achieved better
length of 19 mm, a achieved instruments (12 considered easier results engine-
radius of curvature significantly (P < min) than with than manual driven system
of 55 mm, and an 0.05) more often manual (24 min) compared to the
angle measured at with rotary files than manual. The
40 degrees. with manual files introduction of

mechanized
endodontics for
undergraduate
students
significantly
improves learning
about

the preparation of
root canals.

Tzanetakis et al., Retrospective Record dental Not available Not available Not available Not available Engine-driven

2008

instruments show a
slightly more
frequent tendency
to fracture

than stainless steel
instruments.
However, the
authors believe it to
be a low frequency.
Errors can be

minimized by
teaching

basic teaching
principles to access
cavity and
mechanical
chemical

preparation.




Peru et al., 2005

Cross-sectional

Teeth extracted

Curved radius
between 15-45°

Both GT and Profile
mechanized
systems  provided
better quality repairs
than hand
instrumentation.

Less time with
engine-driven
instruments  than
with manual (time in
minutes not
available)

Not available

The mechanized
systems can be
introduced at
graduation, offering
security to students
and substantial

quality in root canal
treatment for
inexperienced

students. However,
the authors report
that more clinical
studies are needed.




Table 2. Rate of fracture

Studies

Manual systems

Engine-driven systems

Abu-tahun et al., 2014

5.38% stainless steel file

1.04% Protaper

Alrahabi et al., 2015

1.1% stainless steel K files

5.56% Protaper

Alves et al., 2013

None

3.88%- Biorace/K3

Cheung, 2009

(Did not clarify the rate)-Stainless steel hand files
(p>0.05)

ProFile (0.06 tapered)
(No between manual and mechanized)

Coelho, 2017

3 stainless steel files (2 files 15 and 1 file 20)

None

Haug et al., 2018

Stainless steel k file 15 (0.39%)

Wave one (1.94%)

Kfir et al., 2004

1 stainless steel K

None

Martins et al., 2012

Not reported

Not reported

Pedir et al., 2016

70% stainless steel

30% of rotary files

Steffen et al., 2005

7 k files

None

Sonntag et al., 2003

2 NiTi K-files

14 FlexMaster

Tzanetakis et al., 2008

Stainless steel file 0.55%

Rotary file - 1.33%

Peru et al., 2005

None

None




Table 3. Other errors

Studies Other errors Manual systems Engine-driven system Conclusion

Abu-tahun et al., Ledge Stainless steel file 16 (94.1%). Protaper 1 (5.9%) The ledge formation was
2014 greater for stainless steel files.
Alrahabi et al., Ledge Stainless steel file- 14.4% NiTi 1.1%. The ledge formation was

2015

greater for stainless steel files.

Alves et al., 2013

Canal transportation

Rate not mentioned

Rate not mentioned

No significant between engine-
driven and manual instruments

Cheung, 2009

Ledge, apical transportation, perforation, instrument
fracture.

Rate not mentioned

Rate not mentioned

Significantly higher incidence
of ledge formation with manual
files, with no differences for the
other accidents

Coelho, 2017

Ledge

24 canals (1.4%)

8 canals (0.5 %)

The incidence of ledges was
greater for manual systems

Haug et al., 2018

Overinstrumentation, loss of working length,
obturation less than 2 mm from the radiographic
apex, perforation, and instrument fracture.

Rate not mentioned

Rate not mentioned

There were no significant
differences in endodontic
mishaps between engine-
driven and manual instruments

Kfir et al., 2004

Canal transportation

2 canals (3%)

3 canals (4%)

Canal transportation was
greater for manual systems

Steffen et al.,
2005

Canal blockage and transportation

Root canal blockage in 26 blocks

instrumented with manual K file
Canal transportation: 19 cases
Zip: 9 cases

Roo canal blockage: Profile
there were 3
Canal transportation: 4 cases

The incidence of errors was
greater for stainless steel files.

Sonntag et al.,
2003

Zip, elbow, and ledge

Zip: 49.5%
Elbow: 65.7%
Ledge: 6.7%

Zip: 9.5%
Elbow: 17.1%
Ledge: 1.9%

The incidence of errors was
greater for stainless steel files.

Peru et al., 2005

Ledge

Rate not mentioned

Rate not mentioned

Both systems demonstrated
ledge formation due to
improper use of Gates-Glidden




Supplementary table 1. Search strategy: databases and combination of MeSH terms/keywords.

Database

Key words

Total Articles

PubMed

(“Endodontics’[MeSH Terms] OR “Endodontics” [All Fields] OR "Dental students"[All Fields] OR "students, dental"[MeSH Terms] OR "students
dental"[All Fields] OR “Undergraduate*’[All Fields] OR "Undergraduate student"[All Fields] OR "Novice operators"[All Fields] OR "dental
education"[All Fields] OR "Dental schools"[All Fields] OR "Student education"[All Fields] OR "Dental training"[All Fields] OR "Pre-doctoral"[All
Fields] OR "Beginner operators"[All Fields] OR "Preclinical training"[All Fields] OR “education’[MeSH Terms] OR “education”[All Fields] OR
“experience’[All Fields] OR “preference”[All Fields] OR “perceptions”[All Fields]) AND "nitinol"[All Fields]) OR "nickel-titanium"[All Fields] OR
"instruments"[All Fields] OR "reciprocating"[All Fields] OR "Rotary"[All Fields] OR "NiTi rotary instruments"[All Fields] OR "nickel-titanium
systems"[All Fields] OR "Rotary instrumentation"[All Fields] OR "endodontic techniques"[All Fields] OR "single file"[All Fields] OR "Rotary
endodontic instruments"[All Fields] OR "Engine-driven systems"[All Fields] OR "Engine-driven instruments"[All Fields] OR "Continuous
rotation"[All Fields] OR "Rotary system"[All Fields] OR "NiTi endodontic instruments"[All Fields] OR "Reciprocating movement"[All Fields] OR
"Rotary preparation"[All Fields] OR "single file"[All Fields] OR "Multi-file"[All Fields]) AND "Hand Stainless Steel Files"[All Fields]) OR "stainless
steel"[All Fields] OR "crown-down"[All Fields] OR "Manual root canal preparation"[All Fields] OR “K file”[All Fields]) AND "instrument
separation"[All Fields]) OR "Instrument failure"[All Fields] OR "Instrument fracture"[All Fields] OR "File fracture"[All Fields] OR “procedural
errors”[All Fields]

604

Web of Science

TS= ("endodontics") OR TS= ("dental students”) OR TS= ("Undergraduate”) OR TS= ("Undergraduate student") OR TS= ("novice
operators"”) OR TS=("Dental education"”) OR TS=("Dental schools") OR TS=("Student education”) OR TS=("Dental training") OR
TS=("Pre-doctoral”) OR TS=("Beginner operators") OR TS=("Preclinical training") OR TS=(“education”) OR TS=(“experience”) OR
TS=(“preference”) OR TS=(“perceptions”) AND TS=("nitinol") OR TS=("nickel-titanium"”) OR TS=("instruments") OR
TS=("reciprocating”) OR TS=("Rotary") OR TS=("NiTi rotary instruments"”) OR TS=("nickel-titanium systems"”) OR TS=("Rotary
instrumentation") OR TS=("endodontic techniques") OR TS=("single file") OR TS=("Rotary endodontic instruments") OR TS=("Engine-
driven systems"”) OR TS=("Engine-driven instruments") OR TS=("Continuous rotation") OR TS=("Rotary system") OR TS=("NiTi
endodontic instruments") OR TS=("Reciprocating movement") OR TS=("Rotary preparation") OR TS=("single file") OR TS=("Multi-file")
AND TS=(“Hand Stainless Steel Files") OR TS=("stainless steel") OR TS=("crown-down") OR TS=("Manual root canal preparation") OR
TS=(“K file”)

28

Embase

‘endodontics'/exp OR 'endodontics' OR 'dental student'/exp OR 'dental student' OR 'undergraduate'/exp OR 'undergraduate' OR 'undergraduate
education'/exp OR 'undergraduate education' OR 'undergraduate student/exp OR 'undergraduate student' OR 'novice operators' OR 'dental
education'/exp OR'dental education' OR 'dental schools' OR 'student education' OR 'dental training' OR 'pre-doctoral' OR 'beginner

55




operators' OR 'preclinical training' OR 'education'/exp OR 'education’ OR 'experience'/exp OR 'experience' OR 'preference'/exp
OR 'preference’ OR 'perceptions'/exp OR 'perceptions’ AND 'nitinol'/exp OR 'nitinol' OR 'nickel-titanium' OR 'instruments'/exp
OR 'instruments' OR 'reciprocating' OR 'rotary' OR 'niti rotary instruments' OR 'nickel-titanium systems'OR 'rotary
instrumentation' OR 'endodontic techniques' OR 'single-file' OR 'rotary endodontic instruments' OR 'engine-driven systems' OR 'engine-driven
instruments' OR 'continuous  rotation' OR 'rotary  system' OR 'niti  endodontic  instruments' OR 'reciprocating  movement' OR 'rotary
preparation' OR 'multi-file AND'hand stainless steel files' OR 'stainless steel'/exp OR 'stainless steel' OR 'crown-down' OR 'manual root canal
preparation' OR 'k file'/exp

Scopus

(ALL ( "endodontics" OR "dental students" OR "Undergraduate" OR "Undergraduate  student" OR "novice  operators" OR "dental
education" OR "Dental schools" OR "Student education" OR "Dental training" OR "Pre-doctoral" OR "Beginner
operators" OR "Preclinicaltraining" OR "education" OR "experience" OR "preference" OR "perceptions" ) AND ALL ( "nitinol" OR "nickel
titanium" OR "instruments" OR "reciprocating" OR "NiTi rotary instruments" OR "nickel-titanium systems" OR "Rotary
instrumentation" OR "endodontic techniques" OR "single file" OR "Rotary endodontic instruments" OR "Engine-driven
systems" OR "Engine-driven instruments" OR "Continuous rotation" OR "Rotary system" OR "NiTi endodontic

instruments" OR "Reciprocating movement" OR "Rotary preparation" OR "Multi-file" ) AND ALL ( "Hand Stainless Steel
Files" OR "stainless steel" OR "crown-down" OR "Manual root canal preparation" OR "K file") AND ALL ( "instrument
separation" OR "Instrument failure" OR "Instrument fracture" OR "File fracture" OR "procedural errors" ) )
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Supplementary table 2. Appraisal checklist for cross-sectional studies

Reference Methodological items Score %
1 2 3 4 5 6 7 8
Were the Were the Was Were objective, Were Were Were Was
criteria for study exposure standard confounding  strategies outcomes  appropriate
inclusion  subjects measured  criteria used for factors deal with measured  statistical
in the and the in a valid measurement identified? confounding in a valid analysis
sample setting and reliable of factors and reliable used?
clearly described  way? condition? stated? way?
defined?  in detail?
Alrahabi et 'Y Y Y Y U U Y Y 6 75%
al., 2005
Alves et Y Y Y Y U N Y Y 6 75%
al., 2013
Kfir et al., N Y Y Y N N Y Y 4 50%
2004
Martins et Y Y Y Y N N Y Y 6 75%
al., 2012
Steffen et Y Y Y Y U U Y Y 6 75%
al., 2005
Sonntag et Y Y Y Y N U Y Y 6 75%
al., 2003
Peruetal., Y N Y Y N N Y Y 5 63%

2005




Supplementary table 3. Appraisal checklist for retrospective studies

Reference  Methodological items Score %

1 2 3 4 5 6 7 8 9 10 11

Were the Were the Was the Were Were Were the Were the Was the Was Were Was

two exposures exposure  confoundi strategies groups/pa outcomes follow up follow up strategies appropriat

groups measured measured ng factors to deal rticipants measured time complete, toaddress e

similar similarlyto in a valid identified? with free of the in a valid reported and if not, incomplet statistical

and assign and confoundi  outcome and and were the e followup analysis

recruited people to reliable ng factors  at the start reliable sufficient reasons to utilized? used?

from the both way? stated? of the way? to loss to

same exposed study (or be long follow up

population and at the enough described

? unexpose moment of for and

d groups? exposure) outcomes  explored?
? to occur?

Abu- Y Y Y N U Y Y Y Y U Y 5 45
tahun et
al., 2014
Cheung, Y U Y N N Y Y U U U Y 4 36
2009
Coelho, Y Y Y U U Y Y Y Y U Y 6
2017 54
Haug et Y Y Y N N Y Y U Y U Y 7
al., 2018 63
Pedir et Y Y Y N N Y Y Y Y N Y 6 54
al., 2016
Tzanetaki Y Y Y N U Y Y Y Y U Y 7 63
s et al,

2008
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ABSTRACT

Objectives The study aimed to compare the efficacy of XP-endo Finisher and Passive

Ultrasonic Irrigation (PUI) in removing hard tissue debris from curved canals.

Materials and methods Thirty-four mandibular molars with Vertucci’s type Il mesial canals
were scanned in microcomputed tomography before and after preparation with HyFlex EDM,
and accumulated hard tissue debris was quantified. Subsequently, the teeth were randomly
divided into two groups according to the supplementary procedure: PUI with the Ultra-X insert
or XP-endo Finisher. After the intervention, the specimens underwent another scanning. Two
separate analyses were conducted, one for the total canal and another for the isthmus area.
Unpaired and paired T-tests were used for inter- and intergroup comparisons, with a

significance level set at 5%.

Results Both supplementary methods reduced the amount of debris compared to the initial
volume. Remarkably, the XP-endo Finisher achieved a significantly higher percentage of
debris removal (71% for the total canal and 74% for the isthmus areas) compared to PUI (41%

for the total canal and 52% for the isthmus area) (P < 0.05).

Clinical relevance: none of the supplementary methods rendered canals completely free of
hard tissue debris. However, the supplementary approach with XP-endo Finisher resulted in

lower levels of hard tissue debris than PUI in curved canals with isthmuses.

Keywords: hard tissue debris; isthmus, micro-computed tomography; Passive Ultrasonic

Irrigation; XP-endo Finisher.



Introduction

The intricate anatomy of the root canal system poses challenges to achieving effective
cleaning and disinfection. In infected canals, anatomical complexities like isthmuses, apical
deltas, lateral canals, and irregularities can harbor dentine debris, pulp remnants, and
microorganisms, serving as a nutrient source and shelter for bacteria, perpetuating intracanal
infections [1, 2]. For instance, isthmuses occur in 65% of the mesial roots from mandibular

molars [3].

Various supplementary irrigation approaches have been employed to enhance the
penetration of irrigating solutions into anatomical complexities, thereby improving root canal
disinfection and cleaning. These strategies encompass sonic or ultrasonic devices and rotary

instruments designed to agitate the irrigating solution [1, 4, 5].

The XP-endo Finisher, crafted from MaxWire nickel-titanium alloy by FKG Dentaire (La
Chaux de Fonds, Switzerland), displays remarkable adaptability within the root canal.
Transforming its shape from straight-martensitic to spoon-shaped at body temperature, this
instrument's elasticity and shape memory effect aid in expansion and contraction during
rotation, enhancing cleaning and disinfection. This dynamic behavior optimizes root canal
treatments by reaching challenging areas and agitating the irrigant [1, 6].

Passive ultrasonic irrigation (PUI) gained popularity among clinicians, showing improved
root canal cleaning when used as a supplementary approach after canal preparation (Suila,
Minu 2019; Liang et al. 2022). Despite these promising results, complete dentine debris
removal remains a challenge. Recently, a cordless ultrasonic activator, Ultra X (Eighteeth,
Sifary Medical Technology, Changzhou City, China), was introduced to the market. This device
boasts a 45kHz frequency and utilizes a 20.02 or 25.02 ultrasonic insert. According to the
manufacturer, these inserts were specially designed to smear layer and dentine debris

removal, biofilm disruption, and clean complex areas such as isthmus.

Hard tissue debris removal was initially assessed using scanning electron microscopy

[7]. However, microcomputed tomography (micro-CT) is currently regarded as the gold
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standard method for this purpose due to its ability to provide detailed quantifiable 3D images
and allow multiple sequential analyses without sample destruction [8-10]. In this context, this
study aimed to compare the effectiveness of XP-endo Finisher and Passive Ultrasonic
Irrigation (PUI, with Ultra-X device and insert) in removing hard tissue debris from curved

canals connected by isthmuses.

Material and methods

Sample calculation, selection, and preparation

The Institutional Ethics Committee approved the study protocol. A power calculation was
performed using G*Power 3.1 software (Heinrich Hein University, Dusseldorf, Germany), with
a = 0.05 and R = 0.95, applying the chi-square test family and variance statistical test. The
minimum sample size required for each group was 11 samples per group. Hence, 17

specimens were included in each group to account for potential losses during the study.

Thirty-four mandibular molars with Vertucci's type |l mesial roots (two individual
canals that start from the pulp chamber and join apically in a single canal) [11] and moderate
curvature (10-24°) [12] were selected. All teeth had complete rhizogenesis and no previous
endodontic treatment, resorptions, or root fractures. The teeth were scanned using a
SkyScan 1174 micro-CT device (Bruker micro-CT, Kontich, Belgium) to confirm the internal
Vertucci’s configuration and for posterior teeth pair-matching by groups. Then, conventional
coronal access was performed with high-speed rounded diamond bur #1013 (FKG- Sorensen,

Sao Paulo, SP) and Endo- Z bur (Dentsply, Maillefer, Switzerland).

The root canals were explored with #10 K-type files until the instrument tip was visualized
at the apical foramen, and the working length (WL) was established by subtracting 1 mm. After
that, the apical foramen of each root was sealed with Topdam (FGM, Joinville, SC, Brazil) to

create a closed-end system [1].

Micro-CT parameters and pair-matched sample
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Subsequently, the teeth were scanned in a micro-CT device (SkyScan 1174v2, Bruker,
Kontich, Belgium) using the following parameters: 0.5° rotation step, 360° around the vertical
axis, 9.9 ym pixel size, and 1-mm-thick aluminum filter. The NRecon v.1.7.4.6 software (Bruker
micro-CT, Kontich, Belgium) was used to reconstruct the images using the following
parameters: beam hardening correction set at 50%, ring artifact correction of 5, and smoothing
value of 0. The CTAn software (v1.6.6.0, Bruker Micro-CT, Kontich, Belgium) was used to
binarize images and analyze the three-dimensional parameters of surface area and volume of
the initial internal canal morphology. This analysis allowed the sample pairing by similar volume

into two experimental groups of 16 teeth each (PUI or XP-Endo Finisher).

Root canal preparation

The canals were instrumented using the HyFlex EDM system (Coltene, Whaledent,
Switzerland) in the sequence recommended by the manufacturer (25/.12, 10/.05, and 25/~).
The instruments were operated at 500 rpm and 2.5 N/cm, except the glide path instrument
(10/.05), activated at 300 rpm and 1.8 N/cm. A VDW Silver electric motor (VDW, Munich,
Germany) was used to drive the instruments. Before the preparation and after using each
instrument, the canals were irrigated with 2 mL 2.5% sodium hypochlorite (NaOCI) for 30
seconds with a NaviTip 30G needle (Ultradent, South Jordan, USA). The total volume of NaOCI

used during the preparation was 8 ml.

After root canal preparation, all teeth were submitted to another micro-CT scan with the
same previously mentioned parameters. Then, the teeth were subjected to either PUI or XP-
Endo Finisher supplementary procedures. Before the adjunct steps, the canals were irrigated
with 2 mL 2.5% NaOCI with a 30G NaviTip needle (Ultradent, South Jordan, USA) introduced
2 mm below the CT. All supplementary procedures were performed at 37°C inside a heater

cabinet (800-Heater; PlasLabs, Lansing, MI).

PUI

A total of 2 mL 2.5% NaOCI solution, preheated at 37°C, was used to irrigate the root
canal for 30 seconds before PUI. Subsequently, an Ultra X Silver insert #20/02%, measuring
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21 mm in length, was inserted until it reach the WL and activated for 1 minute at 45 kHz using
a portable ultrasonic device (Ultra X, Eighteeth). After canal aspiration, they were irrigated with
2 mL of 17% EDTA, heated to 37° C, and ultrasonically activated for 1 minute. This protocol
was repeated once more for each irrigant, resulting in a total of 4 mL of NaOCl and 4 mL of

EDTA irrigation.

XP-endo Finisher

The XP-endo Finisher instrument was coupled to the VDW Silver motor, cooled with
refrigerant gas (Endo Ice Spray, Maquira, Maringa, Brazil), and removed from the plastic tube
in rotation. Next, 2 mL 2.5% NaOCI solution, preheated at 37°C, was used to irrigate the root
canal for 30 seconds. The instrument was then inserted into the canal and operated for 1
minute at 800 rpm, 1 N/cm, using up-and-down movements (7- to 8-mm-long) up to WL. After
aspiration, the canals were irrigated with 2 mL 17% EDTA, agitated by XP-endo Finisher for 1
minute. This protocol was repeated once more for each irrigant, resulting in a total of 4 mL of
NaOCI and 4 mL of EDTA irrigation. Each instrument was used for only one tooth (2 canals)
and discarded. Following the supplementary approaches, all teeth were scanned again in the

micro-CT using the previously described parameters.

Micro-CT analysis

Post-preparation and post-supplementary image models were obtained by the CTAn
v1.6.6.0 program (Bruker Micro-CT) and converted from the .BMP format to the .NRRD format
in the Image J 1.50d software (National Institutes of Health, Bethesda, MD). Then, they were

registered in the Slicer v1 software 5.1.2 (www.slicer.org) with a custom combination of a rigid

registration module based on image intensity similarities with an accuracy greater than one

voxel.

The volume (mm?®) and surface area (mm?) of the isthmus region and the entire root canal
length were measured. Also, the amount of hard tissue debris was calculated by the Image J
software v. 1.49. Hard tissue debris was considered a material with a density similar to dentin
in regions previously occupied by empty spaces and quantified by the intersection of images
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before and after the final irrigation protocols. Hard tissue debris quantification involved
assessing the difference in volume between unprepared and prepared root canal space
through post-processing procedures. This difference was expressed as a percentage of the
total canal system volume after preparation. CTvol v 2.2.3.0 program (Bruker Micro-CT)
allowed the establishment of color codes (green to preoperative unprepared canal surface
area, gray for instrumented canals, and blue for hard tissue debris) and graphic visualization

of 3D models.

Statistical analysis

Intergroup data analysis was conducted to assess whether the supplementary methods
had significant differences in hard tissue debris removal. The Shapiro-Wilk test revealed
normality between the groups regarding the results obtained from debris accumulation.
Unpaired and paired T-tests were used for inter- and intergroup comparisons. All analyses
were processed using the Prism 9.5.1 program (GraphPad Software, Inc., La Jolla, CA, USA).

The level of significance of the test was 5%.

Results

There were no significant differences between the initial volume and surface area of the
root canal in both groups, revealing an adequate tooth pairing (P > 0.05). The XP-endo Finisher
was significantly more effective in removing hard tissue debris from the canals than PUI (P <
0.05). The mean percent of debris removal was 71% for XP-endo Finisher and 41% for PUI.
Considering only the isthmus areas, XP-endo Finisher removed significantly more debris from

isthmuses than PUI, 74% and 52%, respectively (P < 0.05) (Table 1 and Figure 1).

Discussion

The present study evaluated the efficacy of two supplementary approaches in removing

hard tissue debris. For this, mandibular first molars were chosen because they present the
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highest prevalence of endodontic treatment and frequently possess isthmuses in their mesial
root, representing one of the most challenging root canal anatomies for cleaning and
disinfection [13, 14]. Data from a systematic review revealed the presence of isthmus
communications averaged 54.8% on the mesial roots from mandibular molars [13]. In addition
to investigating the complex root canal anatomy and testing a new ultrasonic device and insert
for PUI, our study stands out for another crucial aspect — adopting a significantly improved
micro-CT isotropic resolution. This advancement represents a notable difference compared to
previous studies [4, 15]. By utilizing this enhanced resolution, we obtained more detailed and
accurate three-dimensional images of the root canal system. This higher level of precision
allowed us to make more reliable identification and quantification of the hard tissue debris,

leading to more robust and meaningful findings.

Dentine debris accumulation can significantly impact the success of endodontic
treatments, especially in infected canals, where microorganisms may thrive and maintain
apical periodontitis [16, 17]. Moreover, hard tissue debris can hinder irrigants' proper flow and
distribution during canal preparation [18, 19]. Despite the remarkable progress in endodontic
techniques, recent studies have consistently reported substantial levels of hard tissue debris
accumulation, ranging from 14.5% to 42.5% [8, 20]. The present findings revealed an even
superior level of debris accumulation in the PUI group, with a mean of 59%, contrasting with
the XP-endo, with a mean of 29%, proving that some supplementary cleaning approaches

could be ineffective in more complex anatomies.

The hard tissue debris accumulation is closely associated with the intricate root canal
anatomy. For instance, isthmuses, which are narrow areas connecting root canals, are often
left untouched by instrumentation and potentially unaffected by irrigants, rendering them ideal
reservoirs for debris accumulation [21]. Besides, canal curvature is another anatomical
challenge that jeopardizes debris removal [22]. Given this context, it is essential to employ
supplementary approaches to enhance the penetration and distribution of irrigants in such
difficult-to-reach regions [23, 24]. For instance, our findings demonstrate that approximately
half of the debris amount was accumulated in the isthmus area following root canal preparation.
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In the present study, although no tested supplementary approaches could completely
remove the hard tissue debris from the root canal system, corroborating previous studies [15,
25], they significantly reduced their amount. The XP-endo Finisher showed the highest debris
reduction compared with PUI, not only for the total canal but also for the separate analysis of
the isthmuses. This outcome could be attributed to its superior ability to distribute the irrigant
compared to the PUI technique, as documented in a previous study [26]. The XP-endo Finisher
likely achieves this due to its expanded action and high-speed rotation, which may agitate the
irrigant solution more effectively. However, further investigations are needed to confirm this

hypothesis.

In contrast to the present findings, two previous studies [15, 27] did not observe
significant differences in hard tissue debris removal when comparing PUl and XP-endo
Finisher. However, it's important to note that both of these studies utilized a less challenging
canal configuration, Vertucci's class |, which lacks the complexity seen in the present study
(Vertucci's class Il), characterized by the presence of isthmuses. This suggests that the
efficacy of these supplementary procedures may vary depending on the complexity of the root
canal anatomy, particularly in cases involving isthmuses. Such distinctions provide valuable

insights for optimizing debris removal strategies in diverse endodontic scenarios.

Conclusion

When testing XP-endo Finisher and PUI with Ultra X insert in the mesial root of
mandibular molars with curvatures and isthmuses, both supplementary approaches reduced
the amount of hard tissue debris resulting from canal preparation. However, the XP-endo
Finisher demonstrated a significantly higher reduction compared to PUI. Despite this, no tested
supplementary approaches could completely remove the debris from the root canal system or

isthmus areas.
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FIGURE LEGEND

Figure 1. 3D micro-CT images: (A) before chemical-mechanical preparation; (B) after
preparation with the Hyflex EDM system; and (C) after supplementary approach with Ultra-X

tip in PUL.
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Table 1. Mean and standard deviation of the initial and final volume of debris (mm3) after

additional procedures and the total removal percentage.

Initial volume

Final volume

% removed

Total canal

PUI

XP-endo Finisher

Isthmus

PUI

XP-endo Finisher

4.13 £ 1.09A

4.25 + 1.033A

2.16 + 0.56%4

2.01+£0.53%

2.41+0.88%

1.11 £ 0.88%8

0.95+0.472B

0.50 + 0.30°

41.08 + 16.992

71.33 £24.19°

52.02 + 24.482

74.12 £ 15.48°

Lowercase and capital letters show intra- and intergroup differences, respectively.
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