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1. INTRODUCCION
1.1 Cirugia periapical
La cirugia periapical permite tratar la periodontitis apical créonica persistente en casos

en los que no ha habido curacién tras el retratamiento de conducto (1).

El objetivo de la cirugia periapical es conseguir la regeneracién tisular del peridpice;
siendo necesario para ello extirpar toda la lesiéon periapical mediante el legrado y la
reseccion del dpice radicular, y aislar los conductos radiculares con un adecuado
sellado apical que impida la filtracién y la presencia de irritantes, evitando la recidiva

infecciosa (1,2).

Comunmente este procedimiento ha recibido el nombre de apicectomia, sin embargo,
este término solo hace referencia a una parte de la cirugia, la reseccién apical, que
segun la Asociacion Americana de Endodoncistas (AAE) consiste en la extirpacién
quirargica de la porcidn apical de una raiz y los tejidos blandos adheridos; que se lleva
a cabo antes de la preparaciéon del apice radicular para una obturacidn retrégrada o
como un tratamiento definitivo (3). Por tanto, el correcto nombre de esta técnica

quirurgica serd el de cirugia periapical o cirugia endodéntica.
Se han definido cuatro situaciones en las que la cirugia periapical esta indicada (2):

1) Cuando el conducto radicular esté obstruido (y no pueda hacerse la reendodoncia) y

existan signos radiograficos o sintomas clinicos.

2) Cuando exista una sobreextension del material de obturacidn y existan signos

radiograficos o sintomas clinicos.

3) Cuando haya un fracaso del tratamiento endoddntico y no sea apropiado realizar la

reendodoncia (sintomatologia aguda, riesgo de fractura radicular).

4) En los casos de perforaciones radiculares con signos radiograficos o sintomas

clinicos, imposibles de tratar por via ortograda.

La tasa de éxito de la cirugia periapical ha ido aumentando a lo largo de los afios: en
1996 Sumi y cols. (4) propusieron la cirugia periapical como uno de los procedimientos

quirurgicos menos entendidos y mas inadecuadamente realizados de la cirugia bucal,



reportando una tasa de éxito de aproximadamente un 50%. La técnica convencional
consistia en una ostectomia y apicectomia, con la preparacién de una cavidad
retrograda mediante microturbinas y la obturacién con amalgama de plata (5). A dia
de hoy, el material de eleccién y con mayor respaldo cientifico es el mineral triéxido
agregado (MTA), que ha demostrado ser un material biocompatible, con una buena
estabilidad dimensional a largo plazo y con una baja tasa de microfiltracién (6-8).
Conjuntamente a los avances en materiales de obturacion, se han desarrollado nuevos
métodos de hemostasia (9) y se han implementado sistemas de magnificacion (1),
situandose a dia de hoy la tasa de éxito de la cirugia periapical en un rango del 78.5%

al 91.6% a un aiio de seguimiento.
1.2 Criterios de curacion de la cirugia periapical

Los principales criterios de curacién de la cirugia periapical, estdn basados en un
andlisis tanto clinico como radiografico y/o tomografico. von Arx y Kurt (10), en el afio
1999, introdujeron unos criterios de curacion utilizando la exploracidn clinica y la
radiografia periapical, considerando: a) éxito, cuando la regeneracién ésea es mayor
del 90% vy el dolor y la escala clinica es 0; b) mejoria, cuando la regeneracion dsea estd
entre el 50-90% vy el dolor y la escala clinica es 0, y c) fracaso, cuando la regeneracion
Osea es menor del 50% y el dolor o la escala clinica es 1 o mayor. Estos autores definen
la escala clinica, valorando el dolor y la inflamacién con valores numéricos de caracter

ascendente.

En el afio 2017, Schloss y cols. (11) publicaron los criterios modificados de PENN 3D, en
los que basandose en la exploracidn clinica y en una TCHC al afio de la intervencién,

establecieron 4 subgrupos:

1: Curacion completa:

- Reformacion del espacio periodontal de ancho normal y ldmina dura
sobre toda la superficie radicular resecada y no resecada.

- Ligero aumento del ancho del espacio periodontal apical sobre Ia
superficie radicular resecada, pero menos del doble del ancho de las

partes no afectadas de la raiz.
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- Pequeiio defecto en la ldmina dura que rodea el empaste del extremo
radicular.

- Reparacién ésea completa con ldmina dura perceptible; el hueso que
bordea el area apical no tiene la misma densidad que el hueso
circundante no afectado.

- Reparaciéon ésea completa. Tejido duro que cubre completamente la
superficie del extremo radicular resecado.

- No se puede discernir ningln espacio periodontal apical.

Curacién limitada: Se puede observar una curacién completa en las

inmediaciones de la superficie de la raiz resecada, pero el sitio muestra una

de las siguientes condiciones:

- La continuidad de la placa cortical se ve interrumpida por una zona de
menor densidad.

- Un drea de baja densidad permanece ubicada asimétricamente
alrededor del apice o como una conexion angular con el espacio
periodontal.

- Hueso no formado completamente en el area de la osteotomia de
acceso anterior.

- En dreas con enfermedad periodontal preexistente o fenestraciones
fisioldgicas, las superficies radiculares no resecadas no muestran

cobertura dsea ni reinsercién periodontal.

Curacidn incierta: el volumen del area de baja densidad aparece disminuido y

muestra una de las siguientes condiciones:
- El grosor es mayor que el doble del ancho del espacio periodontal.
- La ubicacién es simétrica alrededor del apice como una extensién en

forma de embudo del espacio periodontal.

Curacion insatisfactoria: El volumen del area de baja densidad aparece

ampliado o sin cambios.
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1.3 Sistemas de magnificacion y microcirugia periapical

Las diferencias entre la cirugia periapical tradicional y la microcirugia periapical
incluyen los instrumentos para el acceso a la lesion (fresas de ostectomia mas
pequefias, o material ultrasénico para la preparacion de la cavidad retrégrada) (12-14)
, tamafo minimo de la ostectomia, angulo de bisel, materiales de obturacion mas
biocompatibles en comparacién con la amalgama, y el uso del azul de metileno para
identificar microfracturas y conductos adicionales junto con el uso sistemas de

magnificacion (15-18).

La cirugia periapical se realiza sobre la raiz dental, que comprende estructuras muy
complejas y pequefias como el conducto radicular, istmos de unién, o tubulos
dentinarios, por lo que a dia de hoy realizar dicha técnica sin magnificacion no es
recomendable (17). La clave del éxito quirurgico recae en prevenir la reinfeccion dental
mediante una precisa identificacién y tratamiento de las vias de propagacion
bacteriana, como son los istmos y conductos no tratados (19), los gaps presentes entre

el material de obturaciéon y la pared dentinaria (20) y los cracks dentinarios (21).

El uso de sistemas de magnificacion ha demostrado obtener mejores resultados en los
tratamientos odontolégicos (15), modificdndose en los ultimos afios la técnica vy
evolucionando hacia la microcirugia, que ha aportado grandes mejoras tanto en el
diagndstico como en el tratamiento en si y mejorando el prondstico a largo plazo (12-

14,17).

Los principales sistemas de magnificacion e iluminaciéon del campo operatorio son el
microscopio y el endoscopio, que permiten mejorar la visidn y tratar los casos con un
mayor grado de seguridad y confianza (15,22). Adicionalmente, permiten diagnosticar
un mayor numero de fracturas, istmos y conductos radiculares no tratados, y
posibilitan comprobar de forma precisa el estado de la cavidad y la calidad de la

obturacion retrégrada (15).
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1.2.1 Microscopio

Se trata de un sistema binocular de fibra éptica, que utiliza cinco tipos de aumentos,
puede estar suspendido del techo, y su inclinacidn es ajustable. Gracias a sus lentes, es
capaz de identificar la anatomia dental y periodontal, asi como los limites de la lesién
periapical y permite realizar una ostectomia minima. El mayor inconveniente de este
instrumento es su alto coste, a parte de la necesidad de estar entrenado en su uso, y
prolongar el tiempo quirdrgico (23). El microscopio mejora la visibilidad durante el
procedimiento gracias a la magnificacién y la iluminacidn, pero no facilita el acceso al
campo quirurgico; si el acceso es limitado, el uso del microscopio no cambiara esa
situacion. También conviene resaltar que requiere de una fase previa de aprendizaje
para su correcta utilizacidon. Se suele emplear en las fases de orientacidon con una
magnificacion baja y en las fases del procedimiento quirdrgico, preparacién de la
cavidad de obturacién retrégrada e inspeccion de los detalles mas finos, con una

magnificacion mas alta.

1.2.2 Endoscopio

El endoscopio es una herramienta de gran utilizad en microcirugia periapical. Existen
dos tipos de endoscopio: endoscopio flexible y endoscopio rigido. La capacidad de
resolucién de un endoscopio flexible estd determinada por la cantidad de fibras
contenido en el sistema de transmision de imdagenes. Sin embargo, la capacidad de
resolucién de un endoscopio rigido esta limitada solo por la longitud de onda y, por lo

tanto, es considerablemente mas alta que la resolucidn de un endoscopio flexible (24).

El endoscopio rigido es un instrumento versatil, rdpido y cémodo, cuenta con una

regulacion de enfoque y zoom sencilla y tiene facil movilidad (25).

Ademas de permitir una correcta magnificacion e iluminacion del campo quirdrgico,
introduce como ventaja fundamental la visién directa “circunferencial” de todo el
territorio, que permite examinar la cara lingual/ palatina de la raiz o la pared vestibular
de la cavidad preparada y valorar la calidad de la obturacién a retro (14). Resulta
interesante aplicar el azul de metileno en la zona apical que tifie los restos de materia
organica que no hayan sido retirados y los conductos radiculares que no hayan sido
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instrumentados u obturados, facilitando la identificacién de su morfologia y la
presencia de istmos (26). Esta tincion también permite detectar fracturas verticales y
oblicuas, y verificar la calidad de la reseccion apical al tenirse de azul el ligamento
periodontal circundante. En casos de gran complejidad, resulta atil para evaluar la

adaptacion de la obturacion retrégrada y evitar microfiltraciones (26).

Respecto al grado de magnificacién, se ha propuesto un aumento medio (8-14x) para
la hemostasia, remocién del tejido de granulaciéon, deteccidn y localizacion de raices,
reseccion apical, preparacidon y obturacién de la cavidad retrégrada. El uso de alta
magnificacion (14-26x) se emplea para la inspeccion de la superficie radicular, de la
cavidad retrégrada, y de la obturacién retrégrada, con el fin de detectar canales

accesorios, istmos o microfracturas (17,27).

La microcirugia periapical realizada con endoscopio presenta una tasa de éxito similar
a la conseguida con microscopio, sin embargo, la curva de aprendizaje del endoscopio
es mas rdpida (13). Se ha reportado una elevada precisién del endoscopio en el
diagnodstico de cracks dentinarios y fracturas radiculares a nivel de la reseccién apical
en un estudio experimental que compara el endoscopio rigido con microscopia

electrdénica de barrido (28).

En un metaandlisis publicado por Setzer y cols (1), los autores compararon la
utilizacion de la técnica tradicional de cirugia periapical frente a las técnicas de
microcirugia que emplean los sistemas de magnificacién como son el microscopio y/o
el endoscopio. En su estudio incluyeron 21 trabajos; 7 estudios clinicos randomizados,
6 estudios prospectivos (3 de ellos con controles) y 8 estudios retrospectivos.
Encontraron que la probabilidad de éxito en el grupo de la técnica de microcirugia fue
1,58 veces mayor frente al grupo de la técnica convencional, con unos porcentajes de
éxito del 94% frente al 59% respectivamente. Estos mismos autores publicaron dos
afios mas tarde otro metaandlisis (18) donde incluyeron 14 trabajos (6 estudios clinicos
randomizados, 2 estudios prospectivos controlados y 6 estudios prospectivos de casos
clinicos). Los autores compararon las técnicas contemporaneas de cirugia periapical sin
magnificacidon o con el uso de lupas, frente a las técnicas que emplean la magnificacién
y/o iluminacion. Se observd que la probabilidad de éxito al utilizar las técnicas de

magnificacion y/o iluminacion es 1,07 veces frente a no utilizarlas, obteniendo un éxito
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del 93,52% frente al 88,09% respectivamente. Por lo tanto, gracias a estos resultados,
se puede concluir que es mejor utilizar el endoscopio y microscopio frente a no
utilizarlo. Ademads, en los molares, su uso mejora el éxito de forma estadisticamente
significativa frente a no usarlo, mientras que en dientes anteriores y premolares no se

encontraron diferencias (15).

El primer estudio de la superficie del corte de la raiz del diente con magnificacién en
cirugia periapical, se realizé en el afio 2003 por Slaton et al. (21) ,estudiaron “"in vitro™
50 dientes maxilares, a los que provocaron "cracks" dentinarios para posteriormente
analizarlos con microscopio, endoscopio y lupas de aumento. Estos autores
respaldaron al endoscopio como el mejor sistema de magnificacién (P = 0,0007) para
detectar estos "cracks" dentinarios, respecto al microscopio y a las lupas de aumento.
La precision de la identificacion correcta fue del 39% para vision sin ayuda / corregida,

45% para lupas, 53% para el microscopio y 58% para el endoscopio.

Otro estudio experimental que compard la microscopia electréonica de barrido (x16 y
x24) con el endoscopio (x8 y x64) para la deteccién de cracks dentinarios tras la

reseccion apical, reporté la sensibilidad mas alta (78.9%) para el endoscopio (29).

No obstante, hay que resaltar ciertas desventajas que presenta el endoscopio, como la
reiterada necesidad de limpiar la lente debido al empafiamiento por la respiracion del

paciente o al ensuciamiento con sangre o tejidos (30).
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REVISION SISTEMATICA
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2. REVISION SISTEMATICA

La revisidn sistematica se realizé en base a las pautas de: “Transparent Reporting of
Systematic Reviews and Meta-Analyses - PRISMA Statement ** (31) y directrices
AMSTAR-2 (32) (Anexo ).

Pregunta PICO

La pregunta de investigacion se establecié de acuerdo con una adaptacién de la
pregunta estructurada PICO, en este caso aplicando un formato de PEO (population,
exposition, outcome) y considerando la importancia de incluir ensayos clinicos
prospectivos. Este enfoque es adecuado para realizar una revisién sistematica

cualitativa en las intervenciones de salud.

El formato de la pregunta se establecié de la siguiente manera:

"¢El uso del endoscopio influye en la tasa de éxito de la cirugia periapical ?"
P (population): pacientes que requirieron cirugia periapical.

E (exposition): cirugia apical con endoscopio como dispositivo de magnificacion e
iluminacion.
O (outcome): los resultados se midieron segun la tasa de éxito de la cirugia con al

menos un afio de seguimiento.
2.1 Estrategia de busqueda

Se realizaron busquedas en cinco bases de datos electrénicas: MEDLINE (a través de
PubMed), Embase, Web of Science, Scopus y la Biblioteca Cochrane de la Colaboracion
Cochrane (CENTRAL). No hubo restricciones de idioma, y la busqueda abarco el
periodo hasta marzo de 2019. La estrategia de busqueda incluydé una combinacion de
los términos controlados (MeSH y EMTREE), y las palabras clave se usaron siempre que
fue posible para asegurar los mejores resultados de busqueda. Ademas, se realizd una
busqueda manual de los temas principales relacionados con la pregunta principal, y se
consultaron las listas de referencias de los articulos finalmente incluidos para

encontrar otros estudios potencialmente elegibles segin Greenhalgh y Peacock (33).
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Ademas, se utilizé el recurso de fuente Really Simple Syndication (RSS) de PubMed

para detectar posibles titulos elegibles que se ajustan a la estrategia de busqueda.

Se utilizé la siguiente estrategia para la busqueda en Medline via Pubmed:
("Apicoectomy"[Mesh] OR periapical surgery OR apicoectomy OR apicectomy OR
periradicular surgery OR root-end surgery OR root-end filling OR endodontic surgery
OR surgical endodontic treatment OR endodontic microsurgery OR retro-grade filling
OR retro-grade surgery OR apical microsurgery) AND ("Endoscopes"[Mesh] OR
endoscope OR endoscopy OR endoscopic OR dental endoscope) AND (outcome OR

treatment outcome OR healing OR success OR success ratio OR complications).

2.2 Criterios de inclusion y exclusion

Los fueron incluidos en la revisidon sistemdtica siempre que cumplieran con los
siguientes criterios: ensayo clinico aleatorizado (ECA), estudio no aleatorio (NRS) en
humanos, evaluando el impacto del endoscopio para la ampliacion y la iluminacién
sobre el éxito de la cirugia endoddntica, con un periodo minimo de seguimiento de 12
meses y proporcionando informacién relacionada con el éxito del procedimiento
quirurgico. Los informes de casos, revisiones de literatura, opiniones de expertos,

estudios in vitro o no clinicos fueron excluidos de la revision sistematica.

2.3 Screening y seleccion de trabajos

Dos revisores independientes (PGS, APS) realizaron busquedas bibliogréaficas y
manuales, los mismos revisores extrajeron los datos de las publicaciones (PGS, APS). Se
excluyeron los estudios que no cumplieron con los criterios de inclusién. En caso de

desacuerdo, se llegd a un consenso mediante la discusién con un tercer revisor (MPD).

2.4 Riesgo de sesgo en estudios individuales

Dos revisores independientes (PGS, APS) evaluaron todos los articulos incluidos. La

calidad metodoldgica de los estudios se evalué mediante la herramienta de
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Colaboracion Cochrane para evaluar el riesgo de sesgo para los ensayos clinicos
aleatorizados, mientras que la herramienta ROBINS-I (Risk of Bias In Non-randomized
Studies of Interventions) se utilizd6 para estudios no aleatorizados (34). Para cada
aspecto de la evaluacion de calidad, el riesgo de sesgo se basé en las recomendaciones
del Manual Cochrane para Revisiones Sistemadticas de Intervenciones 5.1.0
(http://handbook.cochrane.org). Los criterios para cada entrada fueron: "si" (= bajo
riesgo de sesgo), "no" (= alto riesgo de sesgo) o "incierto" (debido a la falta de
informacién o incertidumbre sobre el potencial de sesgo). Se considerd que un estudio
tenia un riesgo "bajo" de sesgo en presencia de una secuencia adecuada de
generacion, ocultamiento de la asignacion y cegamiento (pacientes y personal). Si no
se cumplian uno o mads criterios, se consideraba que el estudio tenia un riesgo de sesgo
"alto". Los desacuerdos entre los revisores se resolvieron mediante discusién con un
tercer asesor (DSP). El nivel de acuerdo de los revisores fue evaluado mediante el

indice Kappa, e interpretado utilizando la escala de Landis y Koch (35).
2.5 Resumen de medidas y sintesis de resultados

Los datos se introdujeron en una hoja de calculo de Excel (Microsoft Corporation,
Redmond, WA, EE. UU.). Se recopild la siguiente informacién, buscando la maxima
comparabilidad entre los estudios: autores y afio, tamano de la muestra, enfoque de
aumento, seguimiento en meses, instrumentos de preparacidn y de obturacién de la

cavidad retrégrada, tasa de éxito y disefio del estudio.

Definicion de criterios de éxito: Los estudios incluidos evaluaron la curaciéon de
acuerdo con los criterios de Molven et al. (36,37): Curacién completa, curacién
incompleta, curacion incierta o resultado insatisfactorio. Los signos y sintomas también
se registraron y clasificaron como éxito clinico, clinicamente cuestionable y fracaso

clinico.
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2.6. Resultados

Seleccidn de los estudios

Se encontraron un total de 278 articulos en la busqueda inicial. Después de la
eliminacion de los duplicados, se seleccionaron 224 documentos por titulo y resumen y
se identificaron 7 como potencialmente elegibles para su inclusién. Tras la lectura a
texto completo de estos 7 estudios, se excluyeron 2 (22,38) (Tabla 1) y finalmente se

incluyeron los 5 estudios restantes, que si cumplian con los criterios de inclusién. (Fig.

1).

Autor/Ano

Razones

von Arx et al. (38)

2017

El estudio no evalla el éxito de la cirugia periapical

2006

Taschieri et al. (22)

El estudio no evalla el éxito de la cirugia periapical

Tabla 1. Razones de exclusion de estudios de esta revision sistematica.
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Figura 1. Diagrama de flujo PRISMA del proceso de busqueda y seleccidn de estudios

durante la revisidn sistematica.
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Caracteristicas de los estudios.

Finalmente, se incluyeron dos ensayos clinicos aleatorizados (ECAs) y 3 series de casos
prospectivos (12-14,25,39). No se encontraron estudios clinicos retrospectivos en este
campo. El material de obturaciéon retrégrada incluia cemento de 6xido de zinc-eugenol
reforzado (SuperEBA). En el ECA publicado por Taschieri et al. (12) compararon el
endoscopio con un grupo de control en el que se usaron lupas quirdrgicas. Sin
embargo, en el ECA de Taschieri et al. (13) utilizaron microscopia dptica para cirugia
endoddntica en el grupo control, y el ensayo prospectivo publicado por von Arx et al.
no utilizé ningun dispositivo de aumento en el grupo de control (39). En el estudio
realizado por von Arx y cols. la tasa de éxito en el grupo del endoscopio fue del 88,9%
frente a solo el 75,4% en el grupo de control (sin dispositivo de aumento). Sin

embargo, las diferencias entre los grupos no alcanzaron significacion estadistica (39).

En el ECA publicado por Taschieri et al. (12) compararon la cirugia endodéntica con un
endoscopio versus un grupo de control en el que se usaron lupas. Aunque las
diferencias entre los grupos no lograron alcanzar significacién estadistica, la tasa de
éxito fue mayor en el grupo de endoscopia (94,9%) que en el grupo de control (90,6%).
Los autores informaron que el tiempo quirdrgico fue superior con el endoscopio que

con las lupas.

En otro ECA, Taschieri et al. (13) compararon el endoscopio versus un grupo de control
en el que se utilizd un microscopio para aumento e iluminacién. Tanto el endoscopio
como el microscopio consiguieron elevadas tasas de éxito (90% y 92%,
respectivamente) [6]. Las caracteristicas de los cinco estudios incluidos en la revisidn

sistematica se describen en la Tabla 2.

22



Edad, Material CURACION
i e imi i DISENO DE
Autor (HI/\IM) me:: * Magnificacion Seg(;rt::g;\ég)n 0 Prlgiegr?;:jo;\ de TASADE | ESTUDIO
g obturacion | | EXITO
(H/M) EXITO | FRACASOS | (%)
von Arx y Endoscopio: 54 12 Ultrasonica | Super EBA | 48 6 88.9
cols. - - Control: 61 (si NRS
2003 (39) moar;rr]?ﬁ'cacigsr:;‘ 12 Ultrasonica | Super EBA | 46 15 75.4
Taschieri MH +- . .
: : E 2 12 I EBA| 2 2 2.
y cols. H.sz. 49 M: ndoscopio: 28 Ultrasonica | Super 6 92.9 NRS
2007 (25) +-37 Control: - - - - - - -
o Endoscopio: 39 12 Ultrasonica | Super EBA | 37 2 94.9
Taschieri H: 25 | H: +-41
yeols | \:34 | m:+-38 Control: 32 (vista ECA
2006 (12) sirﬁple) 12 Ultrasonica | Super EBA| 29 3 90.6
o Endoscopio: 41 24 Ultrasonica |Super EBA| 37 4 90
Taschieri H:32 | H: +-37
yeols. | \p.3g | Mi+-43 Control: 59 ECA
2008 (13) ' ' . e 24 Ultrasonica |Super EBA| 54 5 92
(microscopio)
Taschieri H: 14 | H: +-37 Endoscopio: 43 24 Ultrasonica | Super EBA| 39 4 90.7
y cols. M- 20 | M:+-43 NRS
2009 (14) | ' Control: - - - - - - -

H, hombres; M,mujer; SD, desviacidn estandar; %, porcentaje; NRS, ensayo clinico no aleatorizado; ECA, ensayo clinico aleatorizado

Tabla 2: Resumen descriptivo de los estudios incluidos en la revision sistematica.




Riesgo de sesgo de los estudios

El ocultamiento de la asignacion no se describié claramente en los ECA. El segundo
elemento menos informado fue el cegamiento de los pacientes (Fig. 2). La calidad
metodolégica de los tres estudios no aleatorizados se evalué mediante la herramienta
ROBINS-I (34), y se encontrd que los tres tenian un riesgo moderado de sesgo. El acuerdo

entre revisores fue casi perfecto (k = 0,87).

A) Riesgo de sesgo de los estudios incluidos mediante la herramienta Cochrane

o
=R

b 25% 50% 75% 100%
1.Generacion de la secuencia aleatoria
2.0cultamiento de la asignacion

3.Cegamiento de los participantes y del personal
4.Cegamiento de los evaluadores del resultado
5.Datos de resultado incompletos

6.Informes selectivos

7.0tras fuentes de sesgo

Hlow MHigh = Unclear

B) Riesgo de sesgo de los estudios incluidos mediante la herramienta ROBINS-I

1. Sesgo debido a confusion

2. Sesgo en la seleccion de participantes en el estudio
3. Sesgo en la clasificacién de las intervenciones

4. Sesgo debido a las desviaciones de las intervenciones
5. Sesgo debido a datos faltantes

6. Sesgo en las mediciones de resultados

7. Sesgo en la seleccion de los resultados informados

0% 25% 50% 75% 100%
m Low Moderate M Serious

Figura 2. Andlisis del riesgo de sesgo de los estudios.
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2.7 Discusion

El objetivo principal de esta revision sistematica fue evaluar la tasa de éxito de la cirugia
endoddntica realizada con la ayuda de un endoscopio rigido como sistema de

magnificacion e iluminacidn, durante un periodo de seguimiento de al menos un afio.

Se incluyeron dos ECA con alto riesgo de sesgo relacionados con el ocultamiento de la
asignacion y el cegamiento de los participantes y tres NRS con alto riesgo de sesgo de
confusion, ya que el andlisis estadistico en estos estudios no pudo controlar los factores
de confusién relevantes (por ejemplo, edad y sexo del paciente). El uso de un endoscopio

se asocid con una alta tasa de éxito en cirugia endoddntica (88,9-94,9%).

En la literatura endoddntica, los estudios in vitro mostraron que los dispositivos de
aumento, como el microscopio o el endoscopio, permiten la identificacion de
microestructuras no visibles a simple vista (21,28,29). En un estudio experimental, von
Arx et al. (28), informaron que el endoscopio identificd con precisidn las microestructuras
después de la resecciéon del extremo de la raiz y la preparaciéon del extremo de la raiz,
defendiendo el endoscopio como una herramienta util podria para el diagndstico
intraoperatorio en cirugia endoddntica. El mismo autor, demostré en un estudio clinico
sobre cirugia endodéntica con examen endoscdpico intraoperatorio de primeros molares,
una alta frecuencia de istmos del canal a nivel de la reseccidon apical. La inspeccidn
endoscdépica también demostrd que ninguno de los istmos estaba lleno, lo que enfatiza la
dificultad de la instrumentacién correcta de los conductos por via ortégrada y el sellado
de los istmos del canal (40). Este ultimo aspecto es de suma importancia, debido al campo

de visién limitado y al dificil manejo del microscopio endoddntico en zonas posteriores.

Setzer y cols. publicaron un metaanadlisis en 2010 comparando la microcirugia
endododntica con el uso de dispositivos de magnificacion (microscopio o endoscopio) y la
técnica sin aumento o usando solo lupas. Aunque el estudio no diferenciaba entre
microscopio o endoscopio, informaron que la probabilidad de éxito con dispositivos de
magnificacion e iluminacion resulto ser significativamente mayor (1). Aunque los estudios
gue emplearon el endoscopio para cirugia endoddntica reportaron altas tasas de éxito, se

necesitan ensayos controlados aleatorizados adicionales para confirmar estos hallazgos.
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Es importante establecer un grupo de control para comparar los diferentes estudios

usando el mismo procedimiento para evitar posibles sesgos en los resultados quirurgicos.

Como ventaja, la percepcién de la profundidad de campo del operador que usa un
endoscopio es bastante similar a la vista simple, lo que facilita el uso del dispositivo
(14,25). Sin embargo, la profundidad de campo del microscopio es fija y no puede
ajustarse al objetivo desde diferentes dngulos, y en la mayoria de los casos se debe usar
un espejo para vision indirecta, mientras que el endoscopio permite un ajuste facil, con
observacion desde diferentes angulos, y proporciona imagenes directas (14). von Arx et
al. (2003) describieron mejores resultados quirurgicos (aunque sin alcanzar significacion
estadistica) con el endoscopio que cuando se utilizaron microespejos sin dispositivos de
aumento (39). El endoscopio también nos permite ver detras de las raices en un entorno
con buena iluminacién, el ajuste de enfoque y zoom se puede hacer con una sola manoy
es rapido y conveniente (14). En el caso del microscopio, cualquier movimiento de este
ultimo o del paciente hard que el campo quirdrgico se desplace del centro cuando se

aumente la ampliacion (13).
Fortaleza y limitaciones de la presente revisién.

La principal fortaleza de esta revisidn sistematica es la busqueda en cinco bases de datos
diferentes. Una limitacién es la relativa falta de estudios que comparen la microcirugia
endododntica asistida por endoscopio versus sin aumento o con otros dispositivos de
aumento. Con respecto a las limitaciones metodoldgicas, se observaron deficiencias
relacionadas con el sesgo de confusion y el cegamiento de la evaluacion de resultados en
el disefio de NRS. En el caso de los ECA, el ocultamiento de la asignacion y el cegamiento
de los participantes y el personal mostraron un alto riesgo de sesgo. Sin embargo, existe

evidencia de que los estudios quirtrgicos son dificiles de cegar.

Recomendaciones para futuras investigaciones.

Se pueden hacer una serie de recomendaciones basadas en los resultados de esta revisiéon

sistematica. Una futura recomendacion es la realizacion de estudios que analicen la
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imagen de magnificaciéon que se obtiene con el endoscopio, con el objetivo de analizar los
diferentes microhallazgos que se diagnostican como istmos, conductos no tratados, o
cracks dentinarios. La dentina periférica alrededor de la obturacién retrégrada puede ser
otro objeto de futura investigacion. Otra posible via pueden ser futuros estudios que
comparen la cirugia endoddéntica asistida por endoscopio versus los grupos en los que se
usan otros dispositivos de aumento, como microscopios y lupas, con el objetivo de
evaluar las variaciones entre las diferentes estrategias de aumento e iluminacién.
Ademas, se requiere un tamafio de muestra suficientemente grande, con periodos de
seguimiento lo suficientemente largos como para permitir sacar conclusiones claras.
También seria interesante disefiar estudios controlados que involucren cirugia
endoddntica en los que el microscopio se compare con un grupo donde se usan
conjuntamente el microscopio y el endoscopio, asi como la cirugia endoddntica en la que
las lupas quirurgicas se comparan con un grupo donde se utilizan conjuntamente lupas

quirurgicas y el endoscopio.

2.8 Conclusion

En conclusién, el uso del endoscopio se asocia con altas tasas de éxito en cirugia
periapical (88,9-94,9%). Este instrumento ofrece una serie de ventajas sobre otros
dispositivos de magnificacion, incluida una curva de aprendizaje mas rapida, un manejo
facil y la capacidad de visualizar lesiones desde diferentes angulos con una iluminacidn

adecuada.
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JUSTIFICACION, OBJETIVOS
E HIPOTESIS
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3. JUSTIFICACION, OBJETIVOS E HIPOTESIS

3.1 Justificacion

Durante los afios 80, la cirugia periapical era un procedimiento con una tasa de éxito baja
(alrededor del 50%). En aquella época la ostectomia y la preparaciéon de la cavidad
retrograda se efectuaba con microcabezales, que obligaban a realizar una amplia
ostectomia para poder introducir después el microcabezal y conformar la cavidad

retrégada.

Ya en los afos 90, se introdujeron los ultrasonidos (10,41) que permitieron una mayor
precisién a la hora de preparar la cavidad retrégrada y un acceso mas simple evitando

ostectomias tan amplias, elevdndose la tasa de éxito hasta un 80%.

A partir del afio 2000, se entré en un nuevo escenario tecnolégico en el que se
implementaron sistemas de iluminacién y magnificacion del campo quirurgico, dando
paso a la denominada microcirugia periapical. Los principales instrumentos utilizados para
conseguir esta magnificacién son el endoscopio y el microscopio dental, que han
conseguido reducir el tamano de la ostectomia y conformar con mayor facilidad, de

manera mas segura y con mayor precision las cavidades retrogradas.

La cantidad de estudios publicados en la literatura sobre el uso del endoscopio en cirugia
periapical es escasa. von Arx y cols. (39) compararon el endoscopio con la cirugia
periapical tradicional sin dispositivo de aumento, reportando una tasa de éxito del 88,9%
para el grupo del endoscopio y del 75,4% para el grupo sin dispositivo de aumento.
Taschieri y cols. en un primer ensayo clinico aleatorizado compararon el endoscopio con
el uso de lupas de aumento, consiguiendo una tasa de éxito del 94,9% con el endoscopio
y del 90,6% con las lupas (12). En otro ensayo clinico aleatorizado, compararon el
endoscopio con el microscopio, reportando tasa de éxito del 90% y 92% respectivamente

(22).

Estos datos hacen evidente que la introduccion del endoscopio como sistema de
magnificacion en cirugia periapical ha elevado el éxito de esta técnica quirdrgica a
alrededor del 90%. Sin embargo, apenas existen estudios publicados sobre qué aspectos

nos permite observar y diagnosticar el endoscopio durante la cirugia.
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El primer momento de utilizacién del endoscopio durante la cirugia periapical es tras la
apicectomia, para realizar una inspeccion precisa sobre el corte de la raiz del diente. Solo
dos estudios clinicos, de von Arx y cols (20,38), reportan informacién sobre los distintos
hallazgos detectables en ese momento: conductos radiculares, cracks dentinarios, craze
lines, cambios en la tonalidad de la dentina, y gaps entre el material de obturacién y las
paredes del conducto. Sin embargo, no se ha encontrado ningun estudio clinico que
estudie la relacion de estos hallazgos endoscdpicos con la curacidn de la cirugia

periapical.

Otro aspecto muy poco abordado en la literatura ha sido el espesor de pared dentinaria
minimo que debe respetarse alrededor de la obturacidn retrégrada, para evitar posibles
fracturas de estas paredes y la microfiltracion bacteriana mediante los tubulos
dentinarios. Se ha descrito que debe mantenerse un espesor minimo de 1 - 2mm de
pared dentinaria (42,43). Solo existe un estudio clinico (44) que analice in vivo el espesor
dentinario alrededor de la obturacidn retrégrada, realizando para ello 4 mediciones sobre
las paredes dentinarias y obteniendo un valor medio, a través de una TCHC. Sin embargo,
este estudio no analiza la posible influencia de la zona de la pared dentinaria con menor

espesor sobre la curacién de la cirugia periapical.

Por todo lo anteriormente mencionado, y con el propdsito de mejorar la evidencia
cientifica al respecto, se creyd conveniente disefiar y realizar el presente trabajo de
investigacion con el objetivo de evaluar los distintos hallazgos endoscépicos que pueden
influir en la curacidén de la cirugia periapical, asi como analizar la posible influencia del

espesor de la pared dentinaria periférica sobre la curacién.
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3.2 Objetivos
Objetivos principales

1. Cuantificar los diferentes hallazgos endoscépicos detectados sobre la superficie
radicular tras la apicectomia, y analizar si influyen en la curacién de la lesién a los

12 meses.

2. Evaluar el didmetro de la superficie radicular y el espesor de las paredes

dentinarias periféricas a la obturacion retrégrada, y analizar si influyen en la

curacion de la lesion a los 12 meses.

Objetivos secundarios

1. Analizar la relacién entre los hallazgos endoscdépicos y la edad del paciente, tipo de

diente, y tipo de restauracién corona (con o sin perno o poste).

2. Estudiar si la edad y el sexo del paciente influyeron en la curacién de la lesidn a los

12 meses.

3. Examinar si el tipo y posicion del diente influyeron en la curacion de la lesién a los

12 meses.
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3.3 Hipotesis

Se plantearon las siguientes hipdtesis:

Hipétesis respecto a los hallazgos endoscépicos

1. Enrelacidn a la influencia de los hallazgos endoscdpicos sobre la curacion.

a.

b.

Hipotesis nula: los hallazgos endoscépicos no influyen sobre la curacién de la
lesion.
Hipotesis de trabajo: los hallazgos endoscdpicos influyen sobre la curacién de

la lesion.

2. En relacién a la frecuencia de los hallazgos endoscépicos y la edad del paciente,

tipo de diente, y tipo de restauracidn corona (con o sin perno o poste).

a.

Hipdtesis nula: no existe relacion entre la frecuencia de los hallazgos
endoscdpicos y la edad del paciente, tipo de diente, y tipo de restauracién
corona (con o sin perno o poste).

Hipotesis de trabajo: la frecuencia de los hallazgos endoscépicos se ve
influenciada por la edad del paciente, tipo de diente, y tipo de restauracion

corona (con o sin perno o poste).

Hipotesis respecto al diametro de la superficie radicular y el espesor de las paredes

dentinarias

1. Enrelacion al didametro de la superficie radicular.

a.

Hipotesis nula: el didmetro de la superficie radicular no influye sobre la
curacion de la lesién.
Hipotesis de trabajo: el didmetro de la superficie radicular influye sobre la

curacion de la lesion.

2. Enrelacién al espesor de las paredes dentinarias.

a.

Hipotesis nula: el espesor de la pared dentinaria periférica a la obturacién
retrégrada no influye sobre la curacién de la lesion.
Hipotesis de trabajo: el espesor de la pared dentinaria periférica a la

obturacidn retrégrada influye sobre la curacién de la lesidn.
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Hipétesis respecto a la edad, sexo, posicion del diente, y tipo de diente:

a. Hipodtesis nula: la edad del paciente, sexo, posicién del diente (maxilar o
mandibular) y tipo de diente no influyen sobre la curacion de la lesién.

b. Hipotesis de trabajo: la edad del paciente, sexo, posiciéon del diente
(maxilar o mandibular) y tipo de diente influyen sobre la curacion de la

lesion.
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4. MATERIAL

4.1 DISENO DEL ESTUDIO

Se realizé un estudio retrospectivo sobre pacientes intervenidos mediante cirugia
periapical en el Mdster de Cirugia Bucal e Implantologia (Departamento de Estomatologia,
Facultad de Medicina y Odontologia de la Universidad de Valencia, Valencia, Espaiia)
entre septiembre de 2011 y diciembre de 2019. Se realizé de acuerdo a la declaraciéon de
“Fortalecimiento del Informe de Estudios Observacionales en Epidemiologia’ (STROBE)

(Anexo II).

El presente trabajo de investigacién se dividié en dos apartados.

Apartado 1: Hallazgos endoscépicos en cirugia periapical, y relacion de los mismos con
la tasa de curacion.

En este apartado se cuantificaron los hallazgos endoscoépicos detectados durante la
inspeccidn de la raiz dentaria acto seguido de realizarse la reseccidon apical, y se estudié su

posible influencia en la tasa de curacidn al afio de la cirugia periapical.

Apartado 2: Influencia del didmetro de la raiz y del espesor de las paredes dentinarias
en la curacion de la cirugia periapical.

En este apartado se analizé la influencia tanto del didmetro radicular como del espesor
remanente de la pared dentinaria tras la realizacion de la cavidad retrégrada, sobre la

tasa de curacién al aiio de la cirugia periapical.
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MUESTRA

DE
ESTUDIO

Apartado 1 Apartado 2
Anélisis descriptivo de Andlisis del espesor de
hallazgos endoscépicos la pared dentinaria

remanente.
Relacidn entre los Relacién entre el

hallazgos endoscoépicos espesor de la pared

y la curacién dentariay la curacién

Figura 3: Esquema representativo del disefio del estudio.

4.2 POBLACION DE ESTUDIO

Se fijaron los siguientes criterios de inclusién y exclusién:
Criterios de inclusion:

- Pacientes sanos sin enfermedades sistémicas y/o limitaciones funcionales, y con
una situacién periodontal estable.

- Dientes apicectomizados utilizdndose puntas ultrasénicas para la realizacion de la
cavidad retrégrada.

- Obturacién retrégrada realizada con mineral triéxido agregado (MTA).

- Utilizacién de un endoscopio rigido como sistema de iluminacién y magnificacién
del campo quirurgico.

- Disponer de una radiografia periapical y/o una TCHC, previa a la intervencién, y de

un afio tras la intervencidn, para la evaluacién de la curacion.

Criterios de exclusion:

- Imdgenes endoscopicas de mala calidad o con la presencia de artefactos que no

permitieran realizar un correcto analisis de las mismas.
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- Imagenes radiograficas de control con distorsiones o artefactos que impidieran
valorar la curacion correctamente.

- Lesiones de gran tamano que requirieron regeneracién ésea guiada.

- Defectos apicomarginales con pérdida de toda la cortical vestibular.

- Lesiones en tunel con pérdida tanto de la cortical vestibular como la palatina o

lingual.

4.3 CONSENTIMIENTO

Los presentes estudios se realizaron siguiendo los principios de la Declaracién de Helsinki
(1975 revisada en 2013) sobre investigacién biomédica en seres humanos y fueron
aprobados por el Comité de Etica de la Universitat de Valéncia (Protocolo con referencia:

1126870). (Anexo ll).

Los pacientes fueron informados de forma detallada y firmaron un consentimiento
informado donde se explicaba que sus datos iban a ser empleados para un estudio de
investigacion. Cada paciente pudo hacer las preguntas que considerara oportunas sobre
la investigacién y firmé el consentimiento informado (Anexo IV) para ser incluido en el

estudio.

4.4 MATERIALES
- Instrumental para la preparacion del campo quirurgico, el paciente y el operador: Set
quirurgico de aislamiento de campo y aspirador quirdrgico, guantes estériles, gorros,

gafas de proteccién y mascarilla.

- Instrumental de exploracidn clinica: espejos intraorales, sonda de exploracién y sonda

periodontal.

- Instrumental para la anestesia loco-regional: Jeringa de anestesia autoaspirable estéril,
aguja desechable de anestesia, carpules de anestesia con articaina al 4% y epinefrina

1:100000 Ultracain® (Normon, Madrid, Espaiia).
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- Instrumental para la diseccion de los tejidos blandos: Mango de bisturi Bard-Parker
n23, hojas de bisturi del n215c, periostotomo de Molt, periostotomo de Freer,

periostotomo de Prichard y separadores de Minnesota.

- Instrumental para la ostectomia y legrado del tejido de granulacion: fresa de carburo
de tungsteno de 0.27 mm (Jota, Suiza) montada en una pieza de mano irrigada con suero
fisiolégico estéril, ultrasonidos (Piezon® Master 400 y 700 EMS, Electro Medical Systems
S.A, Suiza), curetas (Double Gracey Mini Anterior/Posterior; American Eagle Instruments,

Inc., Missoula, EEUU).

- Aparotologia de magnificacion e iluminacién del campo quirdrgico: microscopio
(Moller® Dental 300 (Moller-Wedel GmbH & Co. KG, Wedel, Alemania) y endoscopio
rigido con lente de 2.7mm de didmetro y 30° de angulacion (HOPKINS® optics model 7207

BA, Karl Storz-Endoskope®, Tuttlingen, Alemania).

- Instrumental de sutura: Castroviejo Needle Holder 18cm (Hu-Friedy Co. Ltd., Chicago, IL,

EE.UU.), sutura poliamida 6/0 (Seralon®, Serag-Wiessner GmbH & Co, Naila, Alemania).

- Material iconografico: Camara digital (Canon EOS 70D, Canon Macro Ring Lite MR-
14EX, Canon EF 100mm /2.8 Macro USM; Tokio, Japdn).

- Exploracidn radioldgica y visualizacion de las imagenes médicas: Radiografia periapical
(VistaScan, Durr Dental AG, Bietigheim-Bissingen, Alemania) con posicionador de anillos
para estandarizacion de proyecciones XPC de Rinn® (Dentsply®, Illinois, EEUU), CBCT
(Planmeca Promax 3D); Planmeca Romexis software version 5.2.1.R, monitor 21.5” con
resolucién 4096x2304 (iMac, Apple, Cupertino, CA, EEUU), visualizacion de imdagenes
endoscdépicas (TELE PACK™ PAL Control Unit 200430-20, Karl Storz-Endoskope®, y
TELECAM® PAL color system, Karl Storz-Endoskope®).

- Material informatico: SPSS software (SPSS Inc., Chicago, IL, EE. UU.), Cliniview® version

5.2.1 R (Instrumentarium ImagingR, Tuusula, Finlandia).
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5. METODO

5.1 Seleccion de la muestra

Se accedid a la base de datos de la Unidad de Cirugia Bucal de la Universitat de Valéncia,
de la que se extrajo una muestra de pacientes tratados mediante cirugia periapical entre
septiembre de 2011 y diciembre de 2019. Todas las cirugias fueron realizadas por el
mismo cirujano (MPD) utilizando un endoscopio rigido (HOPKINS® optics model 7207 BA,
Karl Storz-Endoskope®, Tuttlingen, Alemania) como sistema de magnificacion e

iluminacién del campo quirurgico.

A los pacientes se les entregd un consentimiento informado sobre la utilizacion de sus
datos clinicos para la investigacidn, y rellenar un protocolo en el que se relacionaron de
forma ordenada y detallada los antecedentes personales de interés del paciente, sus

datos clinicos y pruebas complementarias radiograficas.

5. 2 Procedimiento quirurgico

Se emplearon técnicas de anestesia loco-regional con articaina 4% y epinefrina 1:100.000
para conseguir la ausencia de dolor durante el procedimiento quirldrgico. Posteriormente,
se realizaron técnicas infiltrativas supra y subperidsticas para minimizar el sangrado

intraoperatorio y mejorar la visibilidad del campo quirurgico.

Se realizd una incisidon submarginal y un despegamiento mucoperidstico del colgajo, para
permitir el acceso al apice y el hueso afectado, sin comprometer el aporte vascular del

tejido blando (figura 5).

Para la realizacién de la ostectomia, se utilizé una fresa redonda de carburo de tungsteno
de 0.27 mm montada en pieza de mano y con abundante irrigacidon con suero fisioldgico
estéril. El tamafio de la ostectomia depende de las dimensiones de la lesidn, el tamafio
del instrumental y la proximidad a estructuras anatdmicas como el seno maxilar, el canal

mandibular o el nervio mentoniano.

Tras el legrado de la lesion (Figura 6), se realizé la reseccion apical de las raices afectadas
a aproximadamente 3mm del apice, en direccién perpendicular al eje del diente

intentado crear el menor bisel posible que permita el control visual durante la cirugia.
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Para la apicectomia se utilizd una fresa redonda de carburo de tungsteno de pieza de
mano. Se tomaron muestras de las lesiones periapicales que fueron fijadas

inmediatamente en una solucion de formaldehido al 10% para su analisis histoldgico.

Seguidamente, se inspecciond la raiz con un endoscopio rigido para comprobar que no
existian restos de la lesién, descartar fracturas radiculares, y detectar posibles

microhallazgos sobre la superficie de corte de la raiz (Figuras 7 y 8).

La hemostasia se realizé aplicando cloruro de aluminio (Expasyl, Kerr Dental, Barcelona,
Espana) sobre las paredes dseas durante dos minutos con una espatula, o con tiras de

politetrafluoretileno expandido esterilizadas.

Se preparé la cavidad retrégrada utilizando puntas de ultrasonidos diamantadas a 3mm
de profundidad y siguiendo la direccion del conducto radicular (Figura 9). La
conformacidon de la cavidad retrégrada tiene como objetivo eliminar el material de
relleno, el tejido necrético y los irritantes para crear una cavidad en la dentina radicular

gue pueda ser obturada posteriormente.

Se inspecciond con el endoscopio su la correcta conformacion de la cavidad, que debe
tener una profundidad de aproximadamente 3mm, y mantener unas paredes dentinarias

remanentes resistentes (Figura 10).

Tras el secado con puntas de papel (Figura 11), se obturd la cavidad retrégrada con
Trioxido Mineral Agregado (MTA), siguiendo las indicaciones del fabricante (Figura 12).
Una vez fraguado, se eliminaron los excesos de MTA con una cucharilla y se pulid la
obturacidn con una fresa de fisura de pieza de mano (Figuras 13 y 14). Ademas, se verificd

con el endoscopio el correcto sellado y pulido de la obturacién (Figura 15).

El cierre primario se realizé con sutura 6/0 y puntos simples, evitando la tension del
colgajo (Figura 16). Inmediatamente después de la cirugia, se realizé una radiografia

periapical de control.

Todas las imagenes endoscdpicas de las diferentes fases quirurgicas fueron recopiladas

retrospectivamente para su andlisis.
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Figura 4: Imagen clinica inicial.
Figura 5: Despegamiento mucoperiodstico del colgajo, incisién submarginal.

Figura 6: Retirada y legrado de la lesidn, para su posterior andlisis histoldgico.
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Figura 7: Utilizaciéon del endoscopio rigido tras la reseccién apical para comprobar el

estado de la raiz.

Figura 8: Imagen endoscdpica de la superficie radicular tras la reseccion apical.

Figura 9: Preparacion de la cavidad retrégrada con punta ultrasénica.

Figura 10: Imagen endoscépica tras la preparacion de la cavidad retrégrada.
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Figura 11: Secado de la cavidad retrégrada con puntas de secado endoddnticas.
Figura 12: Obturacion de la cavidad retrégrada con MTA.

Figura 13: Pulido de la obturacion con fresa de carburo de pieza de mano.
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Figura 14: Imagen clinica tras el pulido de la obturacidn retrégrada.

Figura 15: Imagen endoscépica tras el pulido de la obturacion retrégrada para comprobar

el sellado correcto.

Figura 16: Cierre del colgajo con sutura de 6/0 y puntos simples.
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5.3 Tratamiento postoperatorio

Todos los pacientes recibieron durante la semana del postoperatorio amoxicilina 500 mg
(Amoxicilina Normon, Laboratorios Normon, Madrid, Espafia) 1/8 horas, durante 6 dias
(en pacientes alérgicos se administré clindamicina 300 mg, 1/8 horas, 6 dias); ibuprofeno
600 mg (BexistarR, Laboratorio Bacino, Barcelona, Espafia), en caso de dolor; paracetamol
500 mg (Paracetamol Normon, Laboratorios Normon, Madrid, Espafia) en comprimidos
en caso de dolor; y clorhexidina al 0,12% (GUMR, John O. Butler CO, A Sunstar Company,
Chicago, EEUU) en colutorio, 3 veces al dia durante 7 dias. Como instrucciones
postoperatorias se recomendd a los pacientes tener una buena higiene oral y no fumar
durante la semana del postoperatorio. Se explicaron al paciente las pautas para el

cuidado postoperatorio y ademas se entregaron por escrito.

5.4 Instrucciones al paciente

1. En caso de producirse una hemorragia: colocar una gasa en la zona de la cirugia y
realizar una compresion firme durante 10 minutos en posicién sentada; los movimientos

masticatorios, hablar, etc., pueden favorecer el sangrado.

2. Para evitar la tumefaccién: durante la primera hora tras la cirugia, el paciente se
aplicara una bolsa de hielo en la mejilla correspondiente a la zona quirdrgica durante
unos 15-20 minutos con intervalos de descanso; mientras dure el efecto de la anestesia,

deberd evitar la aplicacién prolongada del frio para evitar posibles lesiones térmicas.

3. Cepillado: debe realizarse con un cepillo quirdrgico de filamentos suaves, 24 horas

después de la cirugia.
4. Comida: el primer dia el paciente debe tomar dieta blanda y fria.

5. Infeccidn: los sintomas son dolor intenso, elevacidén de la temperatura local, drenaje de
exudado purulento; si padece esta sintomatologia debe acudir a la consulta para tomar

las medidas oportunas.
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5.5 Seguimiento del paciente
A la semana de la intervencidn se revisé al paciente y se retiraron los puntos de sutura.
Se realizaron controles clinicos a los 3, 6 y 12 meses.

Los controles radiograficos se realizaron a los 12 meses de la intervencion, con una
radiografia periapical y, en algunos de los casos, con una TCHC. El tamaio del campo de
vision (FOV) fue de 5 x 5 cm (tamafio de voxel de 0,010 mm) y de 5 x 8 cm (tamafiio de
voxel de 0,150 mm). Los parametros de exposicion fueron 6,3 u 8,0 mA para craneos de
tamafio mediano y grande a 90 kV con un tiempo de exposicion de 12 y 15 segundos para

una rotacioén de 180 ° respectivamente.

5.6 Recogida de datos

Se recopilaron los datos clinicos, estudios radiolégicos e imagenes endoscdpicas del corte
de la raiz del diente realizadas tras la reseccién apical de los pacientes incluidos, antes de
la realizacién de la cavidad y tras la obturacidn retrégrada. Las imagenes endoscdpicas
almacenadas en un dispositivo (Karl Storz Telepack PAL 200430 20, Tuttilgen, Alemania),
fueron exportadas y visualizadas en un ordenador con monitor led (iMac Pro, Apple,
Cupertino, EEUU) para comprobar la validez de las mismas en funcién de la nitidez, y
presencia de artefactos (sangre, fluidos) que pudieran impedir su evaluacion. Todas las
imagenes endoscopicas fueron analizadas por dos evaluadores independientes (PGS,
APS), y los desacuerdos fueron resueltos a través de consenso con un experto (MPD). El
nivel de acuerdo se determind utilizando el coeficiente de correlacion intraclase (ICC) a

través de la escala de Landis and Koch (35).
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Apartado 1: se estudiaron los diferentes hallazgos endoscépicos de la superficie radicular

(variables principales):

1. Conductos radiculares: se cuantificd la cantidad de conductos radiculares presentes

en la raiz, y especificamente los que no habian sido obturados por via ortégrada.

2. Istmos: lineas de unidn entre dos o mas conductos.

3. "Craze lines": lineas de tonalidad oscura que aparentemente interrumpen la

integridad de la dentina radicular.

4. "Crack lines": aparentes lineas de fisura en la dentina radicular.

5. Dentina opaca: drea de dentina radicular de aspecto blanquecino que contrasta con

la tonalidad amarilla/grisacea convencional de la dentina.

6. Gaps: espacio que queda sin obturar entre el material de obturacién del conducto

radicular y la pared dentinaria.

Adicionalmente, se procedié a determinar de forma precisa la localizacién de los "'craze
I' " " H " H H H
ines'", "'crack lines'", dentina opaca, y gaps en la raiz, para lo que se establecieron cuatro

zonas: vestibular, lingual, mesial y distal.
Las variables secundarias de estudio fueron:

1. Edad del paciente <45 anos o 245 afios.

2. Tipo de diente tratado: la muestra fue dividida en; dientes anteriores (incisivos

centrales y laterales, y caninos) y dientes posteriores (premolares y molares).

3. Presencia de restauracion dental mediante un poste o un perno.
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Figura 17: Imagen ilustrativa de hallazgos endoscépicos. A: conducto obturado por via

ortdgrada, B: conducto no tratado, C: Istmo de unidn, D: Gap, E: crack line, F: craze line,

G: dentina opaca.

DESCRIPCION DE
LOS HALLAZGOS
ENDOSCOPICOS

Figura 18: Diseno de flujo del apartado 1.

CONTROL AL
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INTERVENCION

¢RELACION
ENTRE LOS
HALLAZGOS
ENDOSCOPICOS
Y LA
CURACION?
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Apartado 2: Se analizd la influencia tanto del didametro radicular como del espesor

remanente de la pared dentinaria tras la realizacion de la cavidad retrégrada, sobre la

tasa de curacion al aio de la cirugia periapical.

Figura 19: Imagenes clinicas (izquierda) y endoscoépicas (derecha) de 8 de los dientes

incluidos en el apartado 2 del estudio.

Las imagenes endoscdpicas se calibraron a través de la TCHC de control, realizado un

afo después de la intervencion (ProMax 3D, Planmeca, Helsinki, Finlandia), midiendo
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el diametro maximo radicular en el plano axial mediante la aplicaciéon Romexis 5.2.1.R

(Planmeca, Helsinki, Finlandia) (Figura 20).

Figura 20: Corte axial de la tomografia computarizada de haz cénico. Medicién del

diametro mayor radicular, a nivel de la zona mas apical de la raiz tras la apicectomia.

Este mismo software sirvid para transferir el diametro maximo de la raiz (medido en la
TCHC) a la imagen endoscdpica intraoperatoria (Figura 21A). El resto de las mediciones se
realizaron sobre la imagen endoscdpica calibrada: didmetro menor radicular y espesores
medio y minimos de la pared dentinaria, de nuevo con la aplicacién Romexis 5.2.1.R (fig.
21B). Las mediciones fueron realizadas por dos observadores calibrados independientes
(PGS, APS) vy la repetibilidad de la medicién entre evaluadores se determiné mediante el
coeficiente de correlacién intraclase (ICC). La curaciéon se evalué utilizando la misma

exploracién de TCHC al afio de seguimiento.
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B,
0 Longitud de referencia

Figura 21. 21A) Calibracién de la imagen endoscdpica con la medicidn del didametro
radicular obtenida en la TCHC.
21B) Mediciones endoscépicas de los didmetros radiculares:
(A): didmetro mayor de la raiz.
(B): didametro menor de la raiz.
21C) Mediciones endoscdpicas del espesor dentinario:
(C) + (D) + (E) + (F): espesor medio de dentina.

(G): espesor minimo de dentina.

Las variables principales del estudio fueron:
1. Diametro mayor o vestibulo — lingual/palatino radicular.
2. Diametro menor o mesio — distal radicular.
3. Espesor medio de dentina periférica alrededor de la obturacidon retrdgrada:
calculado con la media de 4 mediciones realizadas sobre la pared dentinaria.

4. Espesor minimo de dentina periférica.

Las variables secundarias del estudio fueron:
1. Tipo de diente intervenido: incisivos, caninos, premolares y molares.

2. La posicidén del diente: maxilar o mandibular.
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Figura 22: Diseno de flujo del apartado 2.

5.7 Curacion de la lesion

Se evalud la curacion de la lesidn al afio de la intervencidn quirdrgica, y su posible relaciéon
con los hallazgos endoscépicos (conductos, istmos, "craze lines", "crack lines", dentina
opaca y gaps), con diametro radicular y con el espesor remanente de la pared dentinaria

tras la realizacién de la cavidad retrégrada.

La curacién de la lesidén se evalud independientemente a nivel de cada raiz, de forma
clinica, con radiografias periapicales y/o con tomografia computarizada de haz cdnico

(TCHC).

- Clinica: Los signos y sintomas clinicos como dolor, sensibilidad a la percusion o
palpacion del diente, la presencia de fistula, y la inflamacion fueron clasificados

como casos de fracaso de la cirugia periapical.
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Radiografias periapicales: se utilizaron los criterios de von Arx y kurt (10), que
dividen la curacién en 3 subgrupos claramente diferenciados:

1: Curacién completa: regeneracién dsea >90% de la lesion.

2: Mejoria: regeneracion dsea entre el 50% y el 90%

3: Fracaso: regeneracion ésea < 50%.

Tomografia computarizada de haz cénico: se utilizaron los criterios de Penn
modificados, descritos por Schloss y cols. (11), que dividen la curacién en 4

subgrupos (detallados anteriormente en introduccion; pagina nimero 9)
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Figura 23: Subdivisiones del criterio de curacion PENN 3D modificado por Schloss y cols.
(12) A: curacion completa, B: curacion limitada, C: curacion incierta, D: curacion
insatisfactoria
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Para poder evaluar la curacién en la TCHC de la forma mds objetiva posible, el plano
sagital se situd paralelo al eje mesiodistal del diente; el plano coronal se alined junto con
el conducto radicular; y ambos planos pasaron por el medio del extremo radicular

apicectomizado.

5.8 Analisis estadistico

Apartado 1: Se realizé un analisis descriptivo de las variables recogidas en la
investigacion. Se llevé a cabo un analisis inferencial para estudiar la asociacién entre la
prevalencia de los hallazgos vy el tipo de diente, edad del paciente, y restauraciéon con
perno o poste, para lo que se aplicé el test Chi-cuadrado de independencia. Para
determinar que hallazgos presentaban una mayor tendencia a aparecer en unas zonas de
la raiz frente a otras, se aplicé el test Chi cuadrado de igualdad de proporciones. Se llevd
a cabo un andlisis inferencial para estudiar la asociacién entre las variables de estudio y la
curacion de la lesion, realizdndose para ello una regresién ordinal simple mediante GEE
(ecuaciones de estimacién generalizadas). Para estudiar la relacion de cada hallazgo
endoscoépico con la curacidn, se realizd una comparacion entre las raices que presentaron
ese hallazgo y las que no. En el caso del nimero de conductos, se compararon las raices

gue solo presentaron un solo conducto, con las que presentaron mas de un conducto.

Los efectos se evaluaron a partir del estadistico de Wald. Se estimd el indice Kappa para
evaluar la concordancia a la hora de valorar la curacién con radiografia periapical y

tomografia computarizada de haz cénico.

El nivel de significatividad empleado en los andlisis fue del 5%, siendo cualquier p-valor <

0.05 indicativo de una relacién estadisticamente significativa.

Apartado 2: Se realizé un analisis descriptivo de las variables de estudio (Didmetro mayor
diametro menor, espesor medio de dentina periférica alrededor de la obturacién
retrograda, espesor minimo de dentina periférica) con determinacion del
correspondiente intervalo de confianza del 95% (IC 95%) para los pardmetros lineales. Se

realizd un analisis inferencial de los parametros lineales, con exploracién de la asociacion
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entre el resultado del tratamiento y las variables independientes. Se utilizaron modelos
de Ecuacidén de Estimacion Generalizada (GEE) para analizar la probabilidad de fracaso del
tratamiento seguln cada una de las variables independientes. Se estimaron los odds ratios

(OR) no ajustados y el efecto se midiéd mediante la estadistica de Chi cuadrado de Wald.

El nivel de significancia estadistica se establecié en 5% (a = 0.05). La concordancia
absoluta entre evaluadores se evalud utilizando un modelo de efectos mixtos
bidireccional para las medias de (k = 3) evaluadores, y se interpretd segun lo propuesto
por Shrout y Fleiss (45). Se informaron las estimaciones medias junto con los intervalos de
confianza del 95% (IC del 95%) para cada CCl, con la siguiente interpretacion: pobre

<0,50; regular 0.50-0.75; bueno 0,75-0,90; y excelente> 0,90.
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6.RESULTADOS

Apartado 1: Hallazgos endoscopicos en cirugia periapical, y relaciéon de los mismos con

la tasa de curacion.

6.1.1 Datos generales de la muestra

La muestra inicial de estudio consistié en 182 pacientes intervenidos mediante cirugia
periapical. Tras un primer andlisis de las imagenes endoscdpicas del corte de la raiz del
diente tras la apicectomia, fueron excluidas del estudio 14 raices debido a su baja nitidez.
La muestra final consistido en 168 pacientes, con 177 dientes y un total de 206 raices. 93
pacientes fueron mujeres (55,4%) y 75 hombres (44,6%), con una edad media global 46,7

+ 13,8 afos y un rango entre los 18 y 81.

El diente mas frecuentemente tratado fue el incisivo lateral superior (16.4%), seguido del
incisivo central superior (14.1%) y del primer molar superior (12.4%). Del total de dientes
intervenidos, 74,8% fueron maxilares y 25,2% mandibulares. Los premolares superiores
presentaron una o dos raices, mientras que los premolares inferiores fueron siempre
unirradiculares. La raiz de dientes posteriores mas veces intervenida fue la raiz
mesiovestibular del primer molar superior (8.7%). La distribucidon de los dientes y raices

tratados aparece descrita en la Tabla 3.
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Raices

p Un Dos Tres
RAICE con
> conducto | conductos | conductos| .
istmos
ARCADA DIENTE N (%) RAIZ N (%) N (%) N [ (%) | N | (%) | N | (%)
Total 134 |75.7 Total 154 748 115 747 38 24.7 1 0.6 24 15.6
Incisiv
CSNVO - Hs 1141 % |11 | 2 |e | 1| 4 i )
central
Incisiv Unirradicular
clsivo 29 16.4 29 14.1 26 89.7 3 10.3 - 2 6.9
lateral
Canino 15 8.5 15 7.3 15 100 - - - -
Unirradicular 11 53 3 213 | 8 727 | - - 5 | 455
Primer | 1113] Vestibular | 10 | 49| 9 | | 1t |10 | -] - |[1] 10
premolar
Palatina 8 39 8 100 -
MAXILAR Unirradicular 17 8.3 8 471 9 52.9 - 5 294
Segundo
19 |10.7 i . B
premolar Vestibular 2 1 1 50 1 50
Palatina 1 05 1 100 - - - -
Mesio- 18 | 87| 6 [333| 11 |61 ] 1| 56| 9| 50
vestibular
Primer isto-
22 |12.4| Disto 9 44 | 8 |89 | 1 | 11| - R
molar vestibular
Palatina 1 0.5 1 100 - - - - -
Mesio- 4 19 | 1 % | 3 | 75 2 | s
Segundo vestibular
I 4 2.3 Dist
motar Isto- 4 19 | 4 | 100 . A
vestibular
Total 43 (243 Total 52 252 24 4620 27 | 519 | 1 19 | 23 | 442
Incisivo
4 2.3 4 19 2 50 2 50 - 1 25
central
Incisivo 3 1.7 | Unirradicular 3 15 3 100 - - B
lateral
Canino 3 1.7 3 15 3 100 - -
Primer . .
| 4 2.3 | Unirradicular 5 24 3 60 2 40 - - 1 20
MANDIBULAR | _Prémotlar
Segundo
g 8 4.5 | Unirradicular 8 38 6 714 2 286 - - 1 125
premolar
. Mesial 17 8.23 - 16 | 941 | 1 59 | 16 | 941
Primer
17 9.6
molar Distal 7 34 5 | 714 2 | 286 1| 143
S q Mesial 3 15 - 3 100 - 2 66
egundo
& 4 |23
molar )
Distal 2 1 2 100 - - -
n: numero de dientes/raices; %: porcentaje

Tabla 3: Distribucion de dientes (n =

177) y raices tratadas (n = 206), y frecuencia de

conductos radiculares e istmos en funcion del tipo de raiz.
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6.1.2 Analisis descriptivo de los hallazgos endoscdpicos:

Se encontraron conductos no tratados en 14 raices (6.8%), de las cuales 5 pertenecian a

dientes anteriores: 3 incisivos laterales maxilares, un incisivo central maxilar, y un incisivo
central mandibular (Fig. 24) y se encontraron tres conductos en una raiz mesiovestibular

de un primer molar maxilar, y en una raiz mesial de un primer molar mandibular.

Figura 24:

A: Conducto no tratado por via ortégrada () en un incisivo lateral maxilar.

B: Conducto no tratado por via ortégrada () en un incisivo central maxilar. Obsérvese la
presencia de dentina opaca (3%).

Se observaron istmos en 74 raices (35.9%), siendo detectados aproximadamente en la
mitad de los molares (47,7%), especialmente en la raiz mesiovestibular del primer molar

mandibular (94,1%) (Fig. 24), y en un 21% de los premolares.
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Figura 25: Istmo de unidn entre dos conductos (—) en la raiz mesial de un molar inferior.
También pueden observarse zonas de dentina opaca (3%).

Se encontraron ‘craze lines" (Fig. 26A y 26B) en 17 de las 206 raices (8.3%). En 2 de las 17
raices se observaron 2 "'craze lines", y en otra de ellas 3. Fueron mas frecuentes en las
areas mesial (33.3%) y distal (33.3%) de las raices respecto a la vestibular (19%) y lingual

(4.8%). En cuanto a los "'cracks" dentinarios (Fig. 26C y 26D), se detectaron en 8 de las de

las 206 raices (3.9%), observdandose en una ellas dos 'cracks" y en otra tres. Fueron
encontrados con mayor frecuencia en las zonas vestibulares de las raices (62.5%), seguida

de la lingual (25%), distal (25%) y mesial (12.5%).
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Figura 26: A: Craze line (—) en un canino maxilar. B: Craze line (—) en la raiz distal de un
primer molar maxilar. C: Cracks dentinarios (—) en la raiz mesial de un primer molar

mandibular. Obsérvese la presencia de dentina opaca (¥¢). D: Cracks dentinarios (—) en
la raiz distal de un primer molar maxilar. También se observa dentina opaca (3%).

Respecto a la dentina opaca (Figs. 24B, 25 y 26D), fue observada en 152 raices (73.8%). La
zona radicular con mayor presencia de dentina opaca fue la mesial (30.2%), seguida de la

vestibular (25.4%), lingual (22.8%) y distal (21.6%).
Se detectaron gaps (Fig. 27) en 110 raices (53.4%), siendo ligeramente mayor el nUmero

de gaps en las regiones vestibular (34.5%) y lingual (25.4%) de la raiz, que en la mesial

(20.9%) y distal (19.1%).
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Figura 27:

A: Gap entre el material de obturacion y la pared dentinaria en la raiz vestibular de un
primer premolar maxilar.

B: Gap entre el material de obturacién y la pared dentinaria en la raiz distal de un primer
molar maxilar.

mnm o

La distribuciéon de "craze lines", "'crack lines", dentina opaca y gaps en funcion de las

diferentes areas radiculares aparece descrita en la siguiente tabla (tabla 4):

CRAZE LINES CLTI\'TECSK DENTINA OPACA GAPS
N (%) N (%) N (%) N (%)
TOTAL 21 100 11 | 100 265 100 110 100
VESTIBULAR 5 23.8 6 54.6 68 25.4 38 34,5
LINGUAL 2 9.6 2 18.2 61 22.8 28 25.4
MESIAL 7 33.3 1 9.1 81 30.2 23 20.9
DISTAL 7 33.3 2 18.2 58 21.6 21 19.1

N: nimero de hallazgos; %: porcentaje

Tabla 4: Distribucidn de hallazgos endoscépicos en funcidén de las diferentes dreas de la

raiz.
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6.1.3 Asociacion entre los hallazgos endoscépicos y la edad del paciente, tipo de diente,
y restauracion coronal del diente:

Edad del paciente: 148 raices (71.8%) pertenecieron al grupo de pacientes con edad igual

o superior a 40 afios. No se encontraron diferencias estadisticamente significativas al
relacionar la presencia de "craze lines" (p = 0.07), "cracks" (p = 0.315), dentina opaca (p =
0.325) y gaps (p = 0.529) con los dos grupos de edad (Tabla 5).

Tipo de diente: la presencia de dentina opaca fue significativamente superior en dientes

posteriores (90.3% en premolares y 86.2% en molares), que en dientes anteriores (50.6%)
(p < 0.001). La presencia de "craze lines" (p = 0.652) y "crack lines" (p = 0.157) fue
ligeramente superior en dientes posteriores, pero no se alcanzaron diferencias
estadisticamente significativas. No se encontraron diferencias en la presencia de gaps en

funcion del tipo de diente (Tabla 5).

Diente restaurado con/sin perno/poste: no se encontraron diferencias estadisticamente

significativas para la presencia de ''craze lines" ( p = 0.09), "crack lines" ( p = 0.105),

dentina opaca ( p = 0.375) y gaps ( p = 0.425) (Tabla 5).

CRAZE CRACK DENTINA
LINES LINES OPACA GAPS
N | (%) | N | (%) N (%) N (%)
TOTAL (n=206) 17 [ 83| 8 | 3.9 152 73.8 | 110 |53.4
EDAD Raices de pacientes < 45 afios (n=58) | 8 |13.8| 1 | 1.7 40 69 | 33 |56.9
Raices de pacientes >45afios (n=148) | 9 | 6.1 | 7 | 4.7 112 75.7 77 52
TOTAL (n=206) 17 [ 83| 8 | 3.9 152 73.8 | 110 |53.4
TIPO DE Raices de dientes anteriores (n=79) 6 |76 | 2 | 2.6 40 50.6 | 49 62
DIENTE Raices de premolares (n = 62) 4 | 65| 2|32 56* [90.3*| 30 |48.4
Raices de molares (n = 65) 7 (108| 4 | 6.2 56 * |86.2*%| 31 |[47.7
TOTAL (n = 206) 17 | 83| 8 | 3.9 152 73.8 | 110 |53.4
PRESENCIA DE Raices con perno/poste (n=25) 3 12 | 2 8 20 80 18 72
POSTE/PERNO
Raices sin perno/poste (n = 181) 14 | 77| 6 | 3.3 132 729 | 92 50

N: raices, %: porcentaje, Diferencia estadisticamente significativa: * P = 0.001

Tabla 5: Distribucidon de craze lines, crack lines, dentina opaca y gaps en funcién de la
edad del paciente, tipo de diente, y restauracion del diente con o sin perno o poste.
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6.1.4: Asociacion entre los hallazgos endoscépicos y la curacion

De la muestra de 168 pacientes, fueron excluidos: 41 por no acudir a la cita de control al
afo, 7 por presentar lesiones en tunel, 8 por presentar defectos apicomarginales, y 4 por
presentar lesiones de gran tamafio que fueron tratadas con procedimiento de
regeneracion ésea. La muestra final para el analisis de la curacién se compuso por 108
pacientes, 114 dientes y 128 raices. 56 fueron mujeres (51.8%) y 52 hombres (48.2%), con
una edad media global 43,5 11,8 afos y un rango entre los 19 y 79. De los 114 dientes,
41 fueron incisivos, 16 caninos, 26 premolares y 31 molares. De las 128 raices, 57
pertenecieron a dientes anteriores (incisivos y caninos) y 71 a dientes posteriores
(premolares y molares). Los 108 pacientes contaron con radiografia periapical de control,

y 51 de ellos (62 raices) dispusieron de TCHC de control al afio.

Tasa de curacion con criterios de von Arx & Kurt (clinicos y radiograficos).

El 61,3% de las raices mostraron una curacion completa, el 30,6% mejoria, y el 8.1%
fracaso. La mejoria de la lesidn segun von Arx & Kurt (10) es considerada una situacién de
éxito, por lo que el porcentaje de curacién (completa + mejoria) al afio fue del 91.9%.

La distribucién de las raices en funcién de los hallazgos endoscépicos, sexo, edad, tipo de
diente, y de los diferentes subgrupos de curacién aparece descrita en la tabla 6.

No se encontrd ninguna relacidn estadisticamente significativa entre la tasa de curacién
evaluada con radiografia periapical al afio y los hallazgos endoscdpicos, edad, sexo y tipo
de diente (Tabla 7).

Sin embargo, una de las cuatro raices que presentaron crack lines no curaron (Figura 28).
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von Arx & Kurt

Modificados de PENN 3D

INSATIS-

RAICES (n) TOTAL COMPLETA | MEJORIA | FRACASO | TOTAL COMPLETA LIMITADA INCIERTA
FACTORIA
n=128 |n=88 |n=34 |n=6 n=62 | n=34 n=17 n=7 n=4

NUMERO |1 93 65 23 5 44 24 14 3 3
DE
conpucros | >1 35 23 11 1 18 |10 3 4 1

No 105 |74 26 5 48 |26 15 4 3
ISTMOS

Si 23 14 8 1 14 |8 2 3 1
CRAzE No 119 |84 29 6 59 (34 14 7 4
LINES Si 9 4 5 0 3 0 3 0 0
CRACK No 124 |85 34 5 58 |31 17 8 2
LINES Si 4 3 0 1 4 2 0 0 2
oentmna | NO 39 30 9 0 23 |15 6 2 0
OPACA Si 89 58 25 6 39 |19 11 5 4

No 60 40 15 5 26 |14 6 2 4
GAPS

Si 68 48 19 1 36 |20 11 5 0

<45 |66 39 24 3 32 |16 12 2 2
EDAD

>45 |62 49 10 3 30 |18 5 5 2

Hombre |63 40 19 4 36 19 11 4 2
SEXO

Mujer 65 48 15 2 26 15 6 3 2
TIPO DE Anterior 57 40 16 1 31 17 11 3 0
DIENTE posterior | 71 48 18 5 31 |17 6 4 4
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Tabla 6: Distribucion de las raices (n) en funcién de los hallazgos endoscdépicos, edad,

sexo, tipo de diente y de la curacién evaluada con los criterios de von Arx y Kurt, y

modificados de PENN 3D.

von Arxy Kurt

Modificados de PENN 3D

BETA IC 95% p - VALOR | BETA IC 95% P
VALOR

NUMERO DE

0.14 -0.68 -0.96 |0.734 0.17 -0.88-1.21 0.751
CONDUCTOS
ISTMOS 0.39 -0.54-1.32 |0.411 0.12 -1.01-1.26 0.832
CRAZE LINES 0.87 -0.45-2.19 |0.195 0.94 -1.17-3.06 0.383
CRACK LINES 0.02 -2.09-2.14 |0.983 1.48 -1.08 - 4.03 0.257
DENTINA OPACA 0.64 -0.23-1.50 |0.149 0.79 -0.25-1.83 0.135
GAPS -0.27 -1.01-0.47 |0.476 -0.29 -1.26 - 0.68 0.556
TIPO DE DIENTE 0.19 -0.56-0.94 |0.624 0.32 -0.64-1.28 |0.516
SEXO -0.50 -1.25-0.25 |0.189 -0.10 -1.07-0.87 0.840
EDAD -0.90 -1.67 -0.12 0.450 -0.44 -1.43 - 0.54 0.375

Tabla 7: Asociacion de la curacion de las raices (criterios de von Arx y Kurt, y criterios

modificados PENN 3D) y los hallazgos endoscépicos, edad, sexo y tipo de diente.

Resultados de modelo de regresion ordinal simple mediante GEE (ecuaciones de

estimacion generalizadas) con p-valor del test de Wald.
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Figura 28: Distribucién (%) de las raices en funcidn de los hallazgos endoscépicos y de la

curacion, evaluada con los criterios de von Arx & Kurt.

Tasa de curacién con los criterios modificados de PENN 3D (tomograficos).

El 54.8% de las raices mostraron una curacion completa, el 27.4% curacién limitada, el

11.3% curacion incierta, y el 6.5% una curacion insatisfactoria. Se consideré que la

curacién (completa + limitada) fue del 82.2%.

No se encontrd ninguna relacion estadisticamente significativa entre la tasa de curacion

evaluada con TCHC y los hallazgos endoscépicos, edad, sexo y tipo de diente (Tabla 7). Sin

embargo, dos de las cuatro raices que presentaron crack lines no curaron (Figura 29).
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Figura 29: Distribucidn (%) de las raices en funcién de los hallazgos endoscdpicos y de la

curacion, evaluada con los criterios modificados de PENN 3D.

Concordancia entre la curacién al afo evaluada con radiografia periapical y con TCHC.

La tasa de curacién con TCHC (82.2%) fue inferior a la obtenida con radiografia periapical
(91.9%), y no hubo hallazgos endoscépicos determinantes en ninguno de los casos. En
buena parte de los casos, la curacion de la lesidon fue completa tanto en la evaluacion
mediante radiografia periapical (61.3%) como con TCHC (54.8%) (Figura 30). Sin embargo,
hubo casos discrepantes donde a partir de la radiografia periapical se concluyd que la
lesién habia curado, pero no a partir de la TCHC (Figura 31), haciendo que el grado de
concordancia entre los criterios de curacidon de von Arx y Kurt (2D) y los modificados de

Penn (3D) fuera moderada (Kappa = 0.58) (tabla 8).
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Figura 30: Ejemplo de curacion completa de un incisivo lateral (1.2) en radiografia

periapical y TCHC. A: imagen clinica intraoperatoria tras la reseccion apical. B: imagen
endoscépica intraoperatoria tras la reseccidn apical, junto con la aplicaciéon de azul de
metileno en la que se observa un gap. C: radiografia periapical preoperatoria. D: corte
sagital de la TCHC preoperatoria. E: imagen clinica intraoperatoria tras la realizacion de la
obturacidon retrégrada con MTA. F: imagen endoscOpica intraoperatoria tras la
obturacién de la cavidad retrégrada con MTA, G: radiografia periapical de control al afio
de la intervencion donde se observa la regeneracion dsea completa de la lesidn, H: corte
sagital de la TCHC de control al afio donde se observa la regeneracion ésea completa de la

lesion.
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Figura 31: Ejemplo de discrepancia del grado de curacion entre la radiografia periapical y

la TCHC en las raices mesiovestibular y palatina de un segundo molar superior (2.7). A:
imagen endoscoépica tras la reseccién apical de la raiz mesiovestibular en la que se
observa un crack dentinario («-). B: imagen endoscépica de la raiz palatina tras la
reseccion apical. C: radiografia periapical prequirurgica del 2.7. D: corte sagital de la TCHC
prequirurgica en la que se observa la periodontitis periapical crénica a nivel de la raiz
mesiovestibular. E: corte sagital de la TCHC prequirurgica en la que se observa la
periodontitis periapical crdnica a nivel de la raiz palatina F: imagen endoscdpica tras la
obturacidon retrégrada de la raiz mesiovestibular. G: imagen endoscépica tras la
obturacidn retrégrada de la raiz palatina. H: radiografia periapical de control al afio donde
aparentemente existe una curacién completa de la lesidon. I: corte sagital de la TCHC
postquirdrgica en la que se observa la curacién insatisfactoria a nivel de la raiz
mesiovestibular. J: corte sagital de la TCHC postquirurgica en la que se observa la curacidn

insatisfactoria a nivel de la raiz palatina.
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von Arx & Kurt

TOTAL COMPLETA MEJORIA FRACASO
N % N % N % N [%
TOTAL 62 |100 38 |61.3 19 |30.6 5 |81
COMPLETA |34 |54.8 33 |53.2 1 1.6 0 |0
Modificados |LIMITADA |17 |27.4 5 8.1 12 |19.4 0 |0
de PENN 3D
INCIERTA |7 11.3 0 0 6 9.7 1 |16
INSATISFA
4 6.5 0 0 0 0 4 |65
CTORIA

Tabla 8: Concordancia entre el criterio de curacién de radiografia periapical (von Arx y Kurt) y el

de TCHC (criterio modificado de PENN 3D).
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Apartado 2: Influencia del diametro de la raiz y del espesor de las paredes dentinarias

en la curacion de la cirugia periapical.

6.2.1 Datos generales de la muestra

Se incluyeron los 51 pacientes con TCHC de control al afio en el estudio, que aportaron un
total de 52 dientes y 62 raices. De los 51 pacientes, 31 fueron mujeres (60,7%) y 20
hombres (39,3%), con una edad media de 47,0 + 14,9 afios (rango 18-76) (Tabla 9).

SEXO n (%)
Hombre 20(39.3)

Mujer 31 (60.7)

EDAD

Media (SD) |47.0+14.9

Mediana 48
Minima 18
Maéxima 76

SD: desviacidon estandar

Tabla 9: Tabla demografica de los pacientes incluidos.

De las 62 raices incluidas, 41 fueron maxilares (66,1%) y 21 mandibulares (33,9%). 21
pertenecieron a incisivos (40,8%), 8 caninos (11,4%), 14 premolares (20%) y 20 molares
(28,6%). A nivel de las raices, 55 fueron maxilares (66,2%), 28 mandibulares (33,8%); 28
pertenecientes a incisivos (33,9%), 6 a caninos (9.7%), 13 a premolares (20.9%) y 22 a

molares (35.5%) (Tabla 10).
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Diametro Diametro Espesor Espesor
mayor menor medio  de|minimo de
N (%) radicular radicular dentina dentina
periférica periférica
media (SD) | media (SD) media (SD) | media (SD)
Total 62 (100) |4.13(0.84) |[2.46(0.72) 0.77 (0.20) |0.42(0.19)
Incisivo 21(33.9) |4.01(0.91) |[2.46(0.67) 0.74 (0.17) ]0.39(0.12)
Canino 6(9.7) 4.39(0.79) |2.76(0.57) 0.86 (0.15) |0.45 (0.22)
Premolar |13 (20.9) [4.25(0.68) |2.88(0.99) 0.84 (0.28) |0.58 (0.25)
Molar 22 (35.5) |4.12(0.88) [2.19(0.52) 0.75 (0.20) |0.38(0.18)
Maxilar  [41(66.1) |4.20(0.81) |2.47(0.77) 0.75 (0.18) |0.41 (0.16)
Mandibular [ 21 (33.9) [4.00(0.91) |2.43(0.62) 0.81(0.24) |0.45 (0.25)
N: raices, %: porcentaje SD: desviacidn estandar

Tabla 10: Distribucién de raices (n) en funcidn de las diferentes mediciones y del tipo de

diente al que pertenecen y a su posicidon (maxilar o mandibular).

6.2.2 Didametro radicular y espesor dentinario

El didametro mayor y menor de la raiz fue de 4.1 £ 0.8 mmy 2.5 £ 0.7 mm respectivamente
(Tabla 10). Con respecto a las mediciones realizadas, la concordancia entre evaluadores
fue casi perfecta para ambos parametros (ICC = 0,92, IC del 95% [0,88; 0,94]) y (ICC = 0,96,
IC del 95% [0,93; 0,99]). No se observaron diferencias significativas en las dimensiones

radiculares en cuanto a la posicién y tipo de diente.

El espesor medio de dentina fue de 0,77 + 0,2 mm y el espesor minimo dentinario de 0,4
+ 0,2 mm (Tabla 10). La concordancia del CCl para los evaluadores fue casi perfecta en
ambas mediciones (CCl = 0,98, IC del 95% [0,96; 1,00]) y (CClI = 0,90, IC del 95% [0,87;
0,93]). Las raices de los premolares mostraron un grosor minimo de la pared dentinaria
significativamente mayor (0,58 + 0,25) que las raices de los incisivos (p <0,003). Con
respecto a la posicion de los dientes, no se observaron diferencias significativas con

respecto a los espesores dentinarios.
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6.2.3 Curacion

Se observé una curacion completa en el 54.8% de las raices, curacion limitada en el
27.4%, curacion incierta en el 11.3% y curacidn insatisfactoria en el 6.5%.

En base a la dicotomizacién de los subgrupos en 2 grupos (éxito y fracaso), la tasa de éxito
final al afo de seguimiento fue del 82.2%. Las diferentes mediciones realizadas y su
distribucién entre los subgrupos aparecen descritas en la tabla 11.

El andlisis GEE no encontrd una asociacidn significativa entre la curacidn y las variables
independientes de estudio. Las asociaciones entre la curacién y cada parametro aparecen
descritas en la tabla 12. El espesor minimo de dentina no influyé significativamente sobre
la curacién (p> 0,05), sin embargo, se observd que las raices no curadas presentaron
valores de espesor minimo de dentina menores que las que curaron correctamente

(Figura 32).
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Curacién | Curacidn Curacién | Curacion
Total
completa |limitada incierta insatisfactoria

N 62 34 17 7 4

Media 4.13 4.1 431 3.48 4.19
Diametro

DE 0.84 0.84 0.9 0.37 0.31
mayor

Min. 2.4 2.47 2.4 3.06 3.89
radicular

Max. 6.26 5.62 6.26 3.76 4.5

Mediana [4.17 4.16 431 3.63 4.18

N 62 34 17 7 4

Media 2.46 2.53 2.34 1.93 2.49
Diametro

DE 0.72 0.77 0.62 0.25 0.37
menor

Min. 1.1 1.2 1.1 1.7 2.06
radicular

Max. 4.4 4.4 3.4 2.2 2.7

Mediana 2.3 2.4 2.3 1.9 2.7

N 62 34 17 7 4
Espesor Media 0.77 0.81 0.79 0.80 0.74
medio de |DE 0.2 0.32 0.33 0.5 0.4
dentina Min. 0.4 0.5 0.4 0.5 0.4
periférica | Max. 1.6 1.5 1.6 1.3 1.2

Mediana |0.6 0.5 0.6 0.4 0.4

N 62 34 17 7 4
Espesor Media 0.42 0.46 0.35 0.37 0.23
minimo de | DE 0.19 0.18 0.17 0.15 0.4
dentina Min. 0 0.1 0.1 2 0
periférica | Max. 1.2 1.2 0.7 0.5 0.7

Mediana 0.4 0.4 0.4 0.4 0
N: nimero; DE: desviacion estandar; Min: minimo; Max: maximo

Tabla 11: Asociacién entre la curacion y las diferentes dimensiones radiculares (mm).
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Categoria OR 95% IC p-valor
Didmetro mayor 0.34
0.66 0.231
radicular 1.30
Didmetro menor 0.19
0.5 0.157
radicular 1.31
0.00
Espesor medio dentinario 0.01 0.121
3.33
Espesor minimo 0.001
0.01 0.14
dentinario 4.09
Arcada Maxilar (ref.) 1
0.08
Mandibular 0.9 0.932
10.0
Tipo de diente Incisivo 1
0.08
Canino 0.86 0.899
9.35
0.14
Premolar 0.92 0.933
5.99
2.33
Molar 0.76 0.750
42.9
p<0,05; **p<0,01; ***p<0,001

OR: odds ratio; IC: intervalo de confianza; ref.: referencia

Tabla 12: Asociacion entre la curacidn y las variables independientes. Regresién logistica

binaria a través de modelos lineales de Ecuacién de Estimacion Generailizada (GEE).
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Figura 32: Diagrama de cajas. Relacion entre el espesor minimo dentinario y la curacién

de la lesion.
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7. DISCUSION

7.1 Justificacion de la metodologia empleada

El objetivo del presente estudio se dividid en dos apartados claramente diferenciados.
Por una parte, se describieron los diferentes hallazgos endoscépicos detectados sobre la
superficie radicular tras la apicectomia, y la influencia de los mismos sobre la curacién de
la lesidn. Por otra parte, se estudié la influencia del diametro radicular y del espesor de la
pared dentinaria periférica a la obturacidn retrograda, sobre la curacién. La presente tesis
doctoral se realizé con los datos obtenidos de 182 pacientes intervenidos con cirugia
periapical en la Unidad de Cirugia Bucal del Departamento de Estomatologia de la
Universitat de Valéncia. Respecto a la metodologia del estudio, se realizaron dos estudios

retrospectivos para analizar las distintitas variables relacionadas con la cirugia periapical.

Con el fin de homogeneizar la muestra, se excluyeron los casos en los que se llevaron a
cabo procedimientos de regeneracion dsea guiada como lesiones en tunel, defectos

apicomarginales y lesiones de gran tamafio.

Apenas existen publicaciones sobre los hallazgos endoscdpicos en cirugia periapical y
sobre el espesor de la pared dentinaria periférica a la obturacién retrégrada, que analicen
amplias muestras de pacientes. El presente estudio, ademds de partir de una gran
muestra de pacientes intervenidos, es el primero que analiza la influencia de los hallazgos
endoscdpicos sobre la curacidn de la lesién y que estudia clinicamente la zona de la pared
dentinaria periférica a la obturacién retrégrada con menor espesor, asi como la influencia

de la misma sobre la curacioén.

7.2 Hallazgos endoscopicos en cirugia periapical, y relacion de los mismos con la tasa de

curacion.

En la primera parte del estudio se realizd una inspeccién del corte de la raiz tras la
reseccion apical mediante un endoscopio rigido con el fin de detectar diferentes hallazgos
no visibles sin magnificacion, y correlacionarlos con la edad del paciente, el tipo de diente
y la presencia de postes o pernos en los dientes intervenidos. Posteriormente, se analizé

la correlacion entre los hallazgos endoscépicos y la curacion de la lesién al afio.
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La presencia de mas de un conducto radicular y, especialmente, aquellos que presentan
istmos de unién, puede aumentar las probabilidades de fracaso de la cirugia periapical
(46). En este trabajo se observo que la frecuencia de istmos fue del 47.7% en los molares,
destacando la raiz mesial del primer molar inferior (91.1%), estando esto en concordancia
con datos ya publicados anteriormente sobre la elevada frecuencia de istmos en la raiz
mesial del primer molar inferior (20,40,47). El diagndstico con magnificacién y una
correcta preparacién de la cavidad retrégrada en las raices que presentan istmos es
crucial para poder realizar un tratamiento predecible. En el presente trabajo, no se
encontraron diferencias significativas en la curacién al aifio entre las raices con sélo un

conducto o mas, ni entre las que presentaron istmos o no.

Con respecto a la incidencia de "'craze lines' y "crack lines", se ha visto que el origen de

este tipo de defectos dentinarios (48) puede deberse tanto al tratamiento de conductos
por via ortograda (49,50), como a la preparacion de la cavidad retrégrada durante la
cirugia periapical (51,52). A dia de hoy, solo existen tres estudios clinicos de cirugia
periapical que hayan estudiado de forma intraoperatoria la posible causa de fracaso del
tratamiento endoddntico convencional (20,38,53). En 2011, Song et al. detectaron un
1.2% de "cracks dentinarios" en las raices que inspeccionaron mediante microscopio (53).
En el mismo afio, von Arx et al. mediante la magnificacion con endoscopio rigido,
reportaron un 6.5% de ""craze lines" y 3% de ''crack lines', ubicandose la mayor parte de
ellos en la seccidn vestibular de la raiz (20). En 2017, von Arx et al. publicaron otro estudio
clinico en el que observaron mediante endoscopio "crack lines" en un 10% de las raices
(38) . En el presente estudio, se detectd una presencia de "'craze lines' de un 8.3%, frente
a un 3.9% de "crack lines", datos similares a las reportados por von Arx et al. (20,38) .El
significado clinico de los "'crack lines' es especulativo, se ha descrito que pueden ser un
lugar de colonizacién bacteriana (54) , pueden afectar al sellado de la cavidad retrégrada
(55), e incluso progresar a una fractura vertical (27,48) . En concordancia con von Arx et
al. (20), no se encontré correlacidn entre la edad del paciente y la ocurrencia de "crack
lines" y '"craze lines", y también se ha observado que la mayor parte de los "cracks"
dentinarios se encontraban en la zona vestibular de la raiz (62.5%). Sin embargo, no se ha
encontrado asociacion con la presencia de restauracién con poste o perno, y tampoco ha

sido mas frecuente la aparicion de "cracks" en los premolares que en otro tipo de diente
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(20) . Esta falta de correlacidn, puede ser debida a la baja cantidad de dientes restaurados
con postes o pernos presente en la muestra de estudio. Con respecto a la curacidn, los
crack lines se asociaron con un porcentaje de curacién menor (figura 33), fracasando uno

de los cuatro casos evaluados con radiografia periapical, y dos de los cuatro casos

evaluados con TCHC.

Figura 33: Ejemplo de curacion insatisfactoria en radiografia periapical y TCHC de la raiz
mesiovestibular de un primer molar superior (1.6). A: imagen clinica intraoperatoria tras
la reseccién apical. B: imagen endoscépica intraoperatoria tras la reseccién apical en la
que se observan dos cracks dentinarios («-). C: radiografia periapical preoperatoria. D:
corte sagital de la TCHC preoperatoria. E: imagen endoscépica intraoperatoria tras la
obturacidn de la cavidad retrégrada con MTA, F: radiografia periapical de control al afio
de la intervenciéon donde se observa la persistencia de la lesién, G: corte sagital de la
TCHC de control al afno donde se observa la persistencia de la lesién, no existiendo

regeneracion ésea del defecto.

La dentina opaca fue otro de los hallazgos analizados, consistente en un cambio del color
amarillo o grisaceo hacia un color blanquecino. Fue identificada tras la realizacién de la
reseccion apical en 2003 por Slaton CC. et al (21) en su estudio “in vitro”” sobre la
formacion de "cracks" dentinarios, defendiendo los autores la aparicién de esta dentina
opaca en zonas de tensién. Mas tarde, Paqué et al. (56) realizaron un estudio en 2006 en

el que asociaron la presencia de dentina opaca a zonas con los tubulos dentinarios
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permeabilizados en lugar de esclerotizados. Russel et al. (57) estudiaron en 2013 lo que
denominaron como "efecto mariposa"; un fendmeno éptico que se da en una visién
transversal de la raiz tras la reseccion apical, y encontraron que la densidad de los tubulos
era significativamente mayor en las dreas vestibulolinguales (opacas) en comparacién con
las dreas mesiodistales (translicidas), esta ultima correspondiente a lo que denominaron
"alas de la mariposa". Posteriormente, los mismos autores estudiaron la dureza de la
dentina de este efecto mariposa (58) , encontrando una dureza significativamente mds
alta en las zonas mesial y distal (alas de la mariposa) en comparaciéon con las zonas
vestibulolinguales. Los autores concluyeron que esto podria explicar la alta prevalencia de
fracturas de raices verticales que se producen en sentido vestibulo-lingual (54,57,58) , por
lo que el significado clinico de la dentina opaca a dia de hoy no esta claro, ya que quizas

sea precursora de "cracks'' o fracturas dentinarias en esas zonas radiculares.

von Arx et al. reportaron una prevalencia de dentina opaca del 79.8% (20) y del 84.1%
(38), siendo mas frecuente en dientes posteriores y en la regién vestibular de la raiz. En el
presente estudio, y en concordancia con los datos publicados por von Arx et al. (20,38) ,
se detectd la presencia de dentina opaca en 152 raices (73.8%), siendo mas frecuente en
dientes posteriores de forma estadisticamente significativa (p < 0.001). Sin embargo, la
distribucidn por zonas de la raiz fue bastante homogénea, sin haber diferencias claras que
corroboren la mayor cantidad de dentina opaca en algunas zonas de la raiz que en otras.
No se encontrd correlacidén en cuanto a la presencia de postes o pernos, y a la edad del
paciente. En el presente estudio, no se encontrd una asociacidn significativa entre la

dentina opacay la curacién.

Se ha visto que una de las principales causas de fracaso del tratamiento endoddncico
convencional, es la presencia de un gap entre el material de obturacién y las paredes del
conducto radicular. Fueron encontraron un total de 110 gaps (53.4%), siendo ligeramente
mayor el nimero de gaps en las regiones vestibular (34.5%) y lingual (25.4%) de la raiz,
comparado a la mesial (20.9%) y distal (19.1%). Estos resultados estan en concordancia
con los publicados por von Arx et al. (20,38) , que reportaron una mayor incidencia de
gaps en las secciones vestibular y lingual de las raices, achacando estos datos a la

especulacion de que la instrumentacion y obturacién de los conductos es mas sencilla en
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las zonas mesiales y distales que en la vestibular y palatina, y a la forma ovalada de los
canales radiculares. No se encontraron diferencias estadisticamente significativas en la
curacion al aiio entre las raices con o sin gaps. Esto puede deberse a la realizacion de la
cavidad retrograda y su posterior sellado, eliminando el gap prexistente y causante de la

periodontitis periapical crénica persistente.

Con respecto a las variables secundarias de estudio, la revisién sistematica realizada por
Serrano-Giménez et al. (7), sugiere que no existe evidencia de que la edad sea un factor
prondstico de la tasa de éxito. Kreisler et al. (59) observaron en su estudio mejores
resultados de curacidn (95%) en aquellos pacientes con edad comprendida entre 31 y 40
afos. Sin embargo, Barone et al. (60) encontraron una tasa de curacidon en pacientes
mayores de 45 afios del 84%, en comparacion con el 68% para los mas jovenes. En el
presente estudio, no se encontré relacidn estadisticamente significativa entre la edad de

los pacientes y la curacidon de la lesién.

No se encontrd relacién estadisticamente significativa entre el tipo de diente y la
curacion, sin embargo, si se observé un menor numero de fracasos en dientes anteriores,
en concordancia con varios estudios que reportan mejor prondstico en dientes anteriores

debido al acceso mas sencillo a la zona apical (6,60-62).

En cuanto a la evaluacién de la curacién de la lesion, la tasa de curaciéon con TCHC (82,3%)
fue inferior a la estimada con RX PA (95,3%), existiendo casos en los que la regeneracion
Osea evaluada a través de la TCHC fue menor a lo que se observaba en la radiografia

periapical convencional (figura 31).

7.3 Influencia del diametro de la raiz y del espesor de las paredes dentinarias en la

curacion de la cirugia periapical.

En este apartado del estudio se analizdé el ancho radicular y el espesor dentinario
periférico a la obturacion retrégrada a nivel de la superficie radicular tras la reseccion

apical, utilizandose para ello la TCHC de control al afio y las imagenes endoscépicas
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intraoperatorias obtenidas tras la realizacidon de la obturacidn retrégrada. Los didmetros
mayor (buco — lingual/palatino) y menor (mesio-distal), y el espesor medio y minimo de
pared dentinaria fueron correlacionados con la curacién de la cirugia periapical. La
curacion radiografica de la lesion se evalud utilizando la TCHC, que ha demostrado ser la
prueba radiografica mas precisa para diagnosticar y determinar el tamano de las lesiones
periapicales (63). Se utilizaron los criterios modificados de PENN 3D, ya que son los

criterios radiograficos de curacidn mas actuales en cirugia periapical (11).

Se ha descrito en la literatura que la apicectomia debe realizarse a 3mm del apice, y la
posterior cavidad retrégrada con una profundidad de 3mm (23). Sin embargo, a dia de
hoy, no se ha establecido si debe mantenerse un ancho radicular minimo que sea capaz
de albergar una obturacidon retrégrada estable. Asi mismo, tampoco estd claro si el
espesor de la pared dentinaria remanente a la obturacidn retrégrada, espesor claramente

determinado por la superficie radicular disponible, influencia sobre la curacién.

En el presente estudio, no se encontrd una asociacién estadisticamente significativa entre
el ancho de la superficie radicular y la curacion de la lesién al afio. En concordancia con
von Arx et al. (44), tampoco se encontrd una asociaciéon significativa entre el espesor
periférico de dentina y la curacion. Sin embargo, se realizé una medicién adicional sobre
la zona mas estrecha de la pared dentinaria, denominada espesor minimo de dentina,
concepto no estudiado clinicamente hasta la fecha. Arens et al. (43) propusieron en 1998
mantener un minimo de 2 mm de dentina periférica alrededor de la obturacion
retrégrada. En el mismo afio, Lin et al. (64) llevaron a cabo un estudio “'in vitro”” sobre
molares humanos extraidos del maxilar, después de la endodoncia, apicectomia vy
preparacién de la cavidad retrdégrada, y observaron que el espesor minimo de dentina fue

de 0.42 mm.

En 2006, Gutmann et al. propusieron mantener 1 mm alrededor de la obturacion (65) .
Dos afos después, Roy et al. (66) realizaron un estudio para analizar el grosor de la
dentina en 30 dientes anteriores (incisivos y caninos), y observaron que ninguno de los
incisivos centrales tenia 2 mm de dentina periférica tras realizar la apicectomia de 3 mm,
y ninguno de los caninos tenia 2 mm de dentina incluso después de realizar la

apicectomia a 6mm. En base en estos resultados, concluyeron que las recomendaciones

85



de preservar 2 mm de estructura alrededor de las cavidades retrégradas no eran realistas,

y propusieron mantener aproximadamente 1 mm de espesor de dentina.

En base a los resultados del presente estudio y de acuerdo con Lin et al. (64) y Roy et al.
(66), no se registré un espesor minimo de dentina igual o superior a 2mm en ninguna raiz.
Todas las raices que curaron correctamente presentaron un espesor minimo dentinario
menor a 1mm, siendo este el espesor minimo propuesto en la literatura actualmente
(43,65). En consecuencia, no seria necesario realizar la apicectomia al nivel de la raiz
requerido para asegurar esos 2 mm de dentina periférica, lo que permitiria mantener la
maxima longitud radicular posible y, por tanto, asegurar un mejor soporte 6seo del
diente. No obstante, si se observd una tendencia hacia la significacion para el espesor
minimo dentinario respecto a la curacién. El diagrama de cajas mostré que aquellas raices
gue no curaron presentaron valores de espesor minimo dentinario por debajo del grupo

de raices que curaron correctamente (Figura 32).

Ademas, algunos estudios in vitro han demostrado que la presencia de paredes
dentinarias estrechas puede favorecer la formacion de cracks dentinarios (67-69). Sin
embargo, existe una considerable controversia respecto a ello, ya que otras publicaciones
reportan que no hay relacién (27,70-72). Por tanto, el vinculo entre el grosor de la
dentina y la formacién de grietas en la dentina sigue sin estar claro, y se requiere mas

investigacion a este respecto

7.4 Limitaciones del estudio

Es pertinente mencionar que este estudio presenta una serie de limitaciones, tanto

clinicas como metodoldgicas.

La principal limitacién del estudio es que algunos hallazgos endoscépicos (ej: crack lines 'y
craze lines) y el fracaso de la curacion son eventos poco frecuentes, viéndose reducida la
amplia muestra inicial de raices a una muestra final mucho mas limitada. Probablemente,
con una muestra final mas amplia, si que se hubieran encontrado relaciones

estadisticamente significativas. El disefio de este trabajo es retrospectivo, ya que analiza
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una muestra de pacientes que ya han sido intervenidos con cirugia periapical. Debido a
ello, no se dispone de TCHC de control al afio en todos los pacientes, lo que hace que se
reduzca notablemente la muestra de estudio siendo menos probable encontrar relaciones
estadisticamente significativas, y habiéndose demostrado a dia de hoy una mayor
precision de la TCHC para evaluar la curacion de la lesidn que la radiografia periapical

convencional (11).

También existen limitaciones en cuanto al uso del endoscopio, como el empafiamiento de
la lente o la necesidad de enfocar correctamente la raiz cada vez que se utiliza el
instrumento. Respecto a las mediciones, existe un pequeiio margen de error a la hora de
realizar la medicién del didametro mayor radicular sobre la TCHC, y de transferirlo a la

imagen endoscoépica para la calibracién de la misma.

7.5 Recomendaciones para futuros estudios

Los crack lines presentaron una tendencia a estar relacionados con una peor curacién, por
lo que nuevos estudios que amplien el tamafio muestral de raices con alteraciones

endoscdpicas, pudieran dar lugar a relaciones estadisticamente significativas.

Una posible recomendacién de investigacion futura es el estudio de la curacion a largo
plazo de aquellas raices que presentan dentina opaca, ''craze lines", o "crack lines", en
comparacion con un grupo control en el que no aparezcan dichas alteraciones, para ver si

existe influencia de las mismas sobre la curacién a largo plazo.

Debido a las altas tasas de éxito que ofrece la cirugia periapical en la actualidad, se
requiere una muestra suficiente de casos con resultados fallidos para evaluar la relacion
tanto de los hallazgos endoscépicos, como del espesor de dentina periférica, con el éxito

o fracaso de la cirugia periapical, y poder asi generalizar los resultados obtenidos.
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8. CONCLUSIONES

Conclusiones principales

1.

Los hallazgos endoscépicos (conductos radiculares, istmos de unién, crack lines,
craze lines, dentina opaca y gaps) no influyeron significativamente sobre la
curacion de la lesion a los 12 meses, pero se observd un porcentaje menor de

curacion en las raices que presentaron crack lines.

Ni el didametro de la superficie radicular, ni el espesor de dentina periférico a la
obturacidn retrégrada influyeron sobre la curacion de la lesidon a los 12 meses. Sin
embargo, se observd que las raices que no curaron correctamente presentaron
valores de espesor minimo dentinario inferiores a las que si curaron aunque las

diferencias no fueron estadisticamente significativas.

Conclusiones secundarias

La presencia de dentina opaca fue mas frecuente en dientes posteriores que en
anteriores. El tipo de diente, la edad del paciente, y las restauraciones con postes

o pernos no influyeron sobre los hallazgos endoscépicos.

Ni la edad ni el sexo del paciente influyeron sobre la curacion de la lesion a los 12

meses.

Ni el tipo ni la posicion del diente influyeron en la curacion de la lesidn a los 12

meses.
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10. DOCUMENTOS ANEXOS

10.1 ANEXO 1. PRISMA Checklist.

@& PRISMA 2009 Checklist

Sectionftopic Checklist item Reported
on page #

TITLE

Title: 1 I Identify the repart as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 1
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. 2

Objectives 4 | Provide an explicit statement of questions being addressed with reference to parlicipants, interventions, comparisons, 2
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 2
registration infarmation including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 2
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 2
additional studies) in the search and date last searched.

Search & | Present full electronic search strategy for at least one database, including any limits used, such that it could be 2
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 2
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 2
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 2
simplifications made.

Rigk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 2

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measuras (e.q., risk ratio, difference in means). 2

Synthesis of resulis 14 | Describe the methods of handling data and combining resulis of sludies, if done, including measures of consistency 2
(e.g., I for each meta-analysis.

Page 1 of2
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10.2 ANEXO II. STROBE Statements

STROBE Statement—Checklist of items that should be included in reports of cross-sectional

studies
Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or
the abstract
(b) Provide in the abstract an informative and balanced summary of
what was done and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation
being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection
of participants

Variables 7 Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of

measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for
confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods taking account of sampling
strategy
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers

potentially eligible, examined for eligibility, confirmed eligible, included

100



in the study, completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of
interest

Outcome data 15*  Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were
categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential
bias or imprecision. Discuss both direction and magnitude of any
potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives,
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present

study and, if applicable, for the original study on which the present
article is based

STROBE Statement—Checklist of items that should be included in reports of cohort

studies

ltem

No

Recommendation

Title and abstract

1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

(b) Provide in the abstract an informative and balanced summary of
what was done and what was found
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Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation
being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed
and unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of

measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for
confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical,

social) and information on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of
interest
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(c) Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Report numbers of outcome events or summary measures over time

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were
categorized
(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential
bias or imprecision. Discuss both direction and magnitude of any
potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives,
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present

study and, if applicable, for the original study on which the present
article is based
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10.3 ANEXO Ill. Comision de ética de investigacion

VNIVERSITAT

® VALENCIA Vicerectoras

d'Investigacio

D. José Maria Montiel Company, Profesor Contratado Doctor del
departamento de Estomatologia, y Secretario del Comité Etico de
Investigacion en Humanos de Ja Comisién de Etica en Investigacion
Experimental de la Universitat de Valéncia,

CERTIFICA:

Que el Comité Etico de Investigacion en Humanos, en la
reunion celcbrada cl dia 18 de julio de 2019, una vez
estudiado el proyecto de investigacion titulado:

“Utilidad del endoscopio en cirugia periapical”', numero
de procedimiento 1126870,

cuyo responsable es D. Miguel Pefiarrocha Diago,

ha acordado informar favorablemente el mismo dado que
sc respetan los principios fundamentales establecidos en
la Declaracion de Helsinki, en el Convenio del Consejo
de Europa relativo a los derechos humanos y cumple los
requisitos establecidos en la legislacion espafiola en el
ambito de la investigacion biomédica, la proteccion de
datos de cardcter personal y la bioética.

Y para que conste, se firma el presente certificado en Valencia, a
veinticuatro de julio de dos mil diccinueve.
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10.4 ANEXO IV. Hoja informativa y consentimiento informado del estudio

El proyecto de investigacion para el cual le pedimos su participacion se titula:

“Utilidad del endoscopio en cirugia periapical”.

Para que usted pueda participar en este estudio es necesario contar con su consentimiento, y que
conozca la informacion bésica necesaria para que dicho consentimiento pueda considerarse
verdaderamente informado. Por ello, le ruego que lea detenidamente la siguiente informacion. Si
tuviera alguna duda exprésela, antes de firmar este documento, al investigador principal del
proyecto, bien personalmente, bien a través del teléfono o por correo electrénico. Los datos del
investigador principal del proyecto aparecen también en el presente documento.

La informacién basica que debe conocer es la siguiente:

OBJETIVOS DEL ESTUDIO
Objetivo General:

El objetivo principal del presente estudio es determinar los beneficios de la utilizacién del
endoscopio rigido como sistema de magnificacion del campo operatorio en cirugia peripaical.

Objetivos especificos:

Describir los diferentes hallazgos endoscépicos detectados sobre la superficie radicular tras la
apicectomia, y analizar si influyen en la curacién de la lesién a los 12 meses.

Evaluar el diametro de la superficie radicular y el espesor de las paredes dentinarias periféricas a
la obturacion retrégrada, y analizar si influyen en la curacion de la lesién a los 12 meses.

Analizar la relacion entre los hallazgos endoscopicos y la edad del paciente, tipo de diente, y tipo
de restauracion corona (con o sin perno o poste).

Estudiar si la edad y el sexo del paciente influenciaron en la curacion de la lesién a los 12 meses.

Examinar si el tipo y posicidn del diente influenciaron en la curacion de la lesion a los 12 meses.

Los resultados de los proyectos de investigacion pueden derivar del uso de estas muestras
biolégicas pueden contribuir a la mejora en el diagnéstico y tratamiento de enfermedades. Tanto
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las muestras como los datos asociados a las mismas seran custodiados y en su caso cedidos a
terceros con fines de investigacion biomédica en los términos previstos en la Ley 14/2007, de 3 de
julio, y en el Real Decreto 1716/2011, de 18 de noviembre.

METODOLOGIA

Se trata de un estudio de seguimiento clinico, de caracter retrospectivo. Se recopilaran de la
historia clinica que obra en el Departamento de Cirugia Bucal de la Universidad de Valencia los
siguientes datos: edad del paciente, sexo, fecha de la cirugia, antecedentes generales, alergias,
indice de higiene oral, indice de sangrado, tabaquismo, dientes tratados mediante cirugia
periapical, nimero de lesiones radiotransparentes, sintomas un mes antes de la cirugia, signos de
los tejidos blandos antes de la intervencion, profundidad de sondaje, tipo de incision realizada, tipo
de anestesia empleada, método de hemostasia, material de relleno de la cavidad retrograda,
imagenes endoscdpicas, imagenes radioldgicas, duracién del acto quirdrgico.

Toda ésta informacidn, esta en la historia clinica y no se le van a realizar pruebas o exploraciones
adicionales.

El acceso a la historia clinica, la realizara una persona en formacion, debidamente autorizada y
con un codigo de registro de acceso, que conoce la hormativa emanada de la Orden SSI/81/2017,
de 19 de enero, por la que se publica el Acuerdo de la Comision de Recursos Humanos del
Sistema Nacional de Salud, por el que se aprueba el protocolo mediante el que se determinan
pautas basicas destinadas a asegurar y proteger el derecho a la intimidad del paciente por los
alumnos y residentes en Ciencias de la Salud. (en caso de que se trate de otra persona,
especificar)

En ningln caso se compartira la informacion recopilada utilizando sistemas de informacion y/o
herramientas informaticas/redes sociales, que no se encuentren sujetos a los sistemas de
seguridad del Centro y estard supervisado por el responsable de los procesos asistenciales en el
centro, de acuerdo con lo dispuesto en el articulo 104 de la LGS en relaciéon con lo previsto en el
Real Decreto 1558/1986.

BENEFICIOS ESPERADOS

Los resultados de este proyecto de investigacion pueden contribuir a la mejora en la realizacién de
intervenciones de cirugia periapical, lo que puede influir en un aumento de la tasa de éxito de esta,
asi como en la calidad de vida postoperatoria de los pacientes sometidos a estas intervenciones.

CONSECUENCIAS PREVISIBLES DE SU NO PARTICIPACION Y DERECHO DE REVOCACION
DEL CONSENTIMIENTO

La participacion en este estudio es voluntaria y puede cancelarse en cualquier momento. Si rechaza
participar, no habra consecuencias negativas para usted. Si se retira del proyecto, puede decidir sin los datos
utilizados hasta éste momento, deben borrarse o si se pueden seguir utilizando tras haberlos convertido
en andnimos (p. ej., eliminando los datos de la informacion identificativa, incluido el codigo, para que
resulte imposible volver a identificarlos). No percibird ninguna compensacion econémica o de otro tipo por
participar en ésta investigacion.
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PROTECCION DE DATOS PERSONALES Y CONFIDENCIALIDAD

Indicar los detalles del tratamiento que se dara a los datos de caracter personal del paciente, para
ello consultar el siguiente documento disponible en la pagina web:

Protocolo para el cumplimiento de la normativa de proteccion de datos en la realizacion de
Préacticas Externas y Trabajos Fin de Estudios

Se han adoptado las medidas oportunas para garantizar la completa confidencialidad de los datos
personales de los sujetos de experimentacion que participen en este estudio, de acuerdo con la
Ley de Proteccién de Datos de Caracter Personal (LOPD) 3/2018, de 5 de diciembre.

A cada participante se le asignara un cédigo numérico, que no guardara relaciéon con el nimero de
historia ni con ningun dato identificativo del paciente, por lo que el tratamiento de los datos se
realizara de forma andénima por parte de los investigadores. Dicho codigo le sera asignado por el
responsable del Centro, Consulta, Departamento o Unidad Clinica.

En el caso que se utilicen los resultados del estudio, con fines de docencia, investigacién y/o
publicacién, se respetara siempre la debida anonimizaciéon de los datos de caracter personal, de
modo que los sujetos de la investigacion no resultaran identificados o identificables.

El titular de los datos personales podra ejercitar los derechos de acceso, rectificacién, cancelacion
y oposicion al tratamiento de datos de caracter personal, y de revocacion del consentimiento, en
los términos previstos en la normativa aplicable. (Si lo considera oportuno, puede detallar mas
esas medidas)

INFORMACION DE CONTACTO

Si tienen alguna pregunta sobre este proyecto de investigacion, puede consultar en cualquier momento al
Investigador responsable del estudio: Pablo Glera Suarez tf:638068240 email: pablossk32@gmail.com.
Si deciden participar en este proyecto, rellenen y firmen el formulario de consentimiento que aparece a
continuacion.
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EJEMPLAR PARA EL
PACIENTE Si la persona es mayor de edad, se recomienda utilizar esta férmula:

D./Dfia. mayor de edad, titular del DNI:
, por el presente documento manifiesto los siguientes consentimientos:

Si la persona es menor de edad o esta incapacitada legalmente, se recomienda utilizar esta
férmula:

D./Dfia. , mayor de edad, titular del DNI:
, [padre, madre o tutor legal de ], por
el presente documento manifiesto los siguientes consentimientos:

DECLARO

e  Que he leido la hoja de informacién que se me ha entregado.

e  Que he comprendido las explicaciones que se me han facilitado.

e Que he podido realizar observaciones y me han sido aclaradas las dudas que he
planteado.

e Que puedo revocar el consentimiento en cualgquier momento sin tener que dar
explicaciones y sin que esto tenga ninguna repercusion negativa.

e Que de forma libre y voluntaria cedo los datos que se hallan recogidos en la historia clinica
de mi hijo para el estudio que se me ha propuesto

e  Que puedo incluir restricciones sobre el uso de las mismas.

CONSIENTO

Que se utilicen los datos que se hallan recopilados en mi historia clinica para el mencionado
estudio.

Que el investigador pueda acceder a mis datos en la medida en que sea necesario y
manteniendo siempre su confidencialidad.

Que el personal del centro me contacte en el futuro en caso de que se estime oportuno afiadir
nuevos datos a los recogidos y/o tomar nuevas muestras. O Si OO0 No

O Deseo incluir la siguiente restriccion al uso de mis datos:

Nombre y apellidos Nombre y apellidos

Firma PADRE / MADRE / TUTOR Firma

Solo utilizar en caso de que sea menor o
tenga declaracion de incapacidad

Si el sujeto del estudio es un adolescente capaz intelectual y emocionalmente de entre
12 y 16 afos debe de ser oida su opinién y autorizar su participacion en el estudio
firmando también este consentimiento. Cuando se trate de menores no incapaces ni
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incapacitados, pero emancipados o con 16 afios cumplidos, no cabe prestar el
consentimiento por representacion y sera el propio sujeto del estudio quien firmara el
consentimiento (Ley 41/2002).

Declaracion Investigador:

He informado debidamente al representante legal y/o y al paciente arriba mencionado

REVOCACION

(o [ T B I -

Revoco el consentimiento cedido para la utilizaciéon de los datos de mi hijo/a para el estudio
propuesto
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EJEMPLAR PARA EL CENTRO
Si la persona es mayor de edad, se recomienda utilizar esta férmula:

D./Dfia. mayor de edad, titular del DNL
, por el presente documento manifiesto los siguientes consentimientos:

Si la persona es menor de edad o esta incapacitada legalmente, se recomienda utilizar esta
férmula:

D./Dia. , mayor de edad, titular del DNI:
, [padre, madre o tutor legal de ], por
el presente documento manifiesto los siguientes consentimientos:

DECLARO

e  Que he leido la hoja de informacién que se me ha entregado.

e  Que he comprendido las explicaciones que se me han facilitado.

e Que he podido realizar observaciones y me han sido aclaradas las dudas que he
planteado.

e Que puedo revocar el consentimiento en cualquier momento sin tener que dar
explicaciones y sin que esto tenga ninguna repercusion negativa.

e  Que de forma libre y voluntaria cedo los datos que se hallan recogidos en la historia clinica
de mi hijo para el estudio que se me ha propuesto

e  Que puedo incluir restricciones sobre el uso de las mismas.

CONSIENTO

Que se utilicen los datos que se hallan recopilados en mi historia clinica para el mencionado
estudio.

Que el investigador pueda acceder a mis datos en la medida en que sea necesario y
manteniendo siempre su confidencialidad.

Que el personal del centro me contacte en el futuro en caso de que se estime oportuno afadir
nuevos datos a los recogidos y/o tomar nuevas muestras. O Si O No

O Deseo incluir la siguiente restriccion al uso de mis datos:

Nombre y apellidos Nombre y apellidos

Firma PADRE / MADRE / TUTOR Firma

Solo utilizar en caso de que sea menor o
tenga declaracion de incapacidad

Si el sujeto del estudio es un adolescente capaz intelectual y emocionalmente de entre
12 y 16 afios debe de ser oida su opinidn y autorizar su participacién en el estudio
firmando también este consentimiento. Cuando se trate de menores no incapaces ni
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incapacitados, pero emancipados o con 16 afios cumplidos, no cabe prestar el
consentimiento por representacion y sera el propio sujeto del estudio quien firmara el
consentimiento (Ley 41/2002).

Declaracion Investigador:

He informado debidamente al representante legal y al paciente arriba mencionado

REVOCACION
(o [ I B I 1 ] -

Revoco el consentimiento cedido para la utilizaciéon de los datos de mi hijo/a para el estudio
propuesto
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Is Healing of Periapical Surgery
Influenced by Endoscopic Findings
Detected on the Cut Root Surface?

Pablo Glera-Suarez, DDS, MS, © Antonio Pallares-Serrano, DDS, MS, ©
David Penarrvocha-Oltra, DDS, MS, PhD,
Miguel Penarvocha-Diago, MD, DDS, MS, PhD," and
Marta Penarrocha-Diago, DS, MS, PhD)'

®)

Purpese: Ananalysis was made of the association between the endoscopic findings of the sectioned root
end surface and healing of the lesion 1 vear after periapical surgery, although no studies appear to have
analyzed them in relation to healing after periapical surgery.

Methods: A rerrospective cohort study was made of patients subjected to periapical surgery between
2011 and 2019. After apicoectomy, the root end surface was examined, evaluating the number of canals,
isthmuses, dentin cracks and craze lines, opaque dentin, and gaps berween the filling material and the root
canal wall. An analysis (using Generalized Estimating Equation models) was made of the association be-
rween the endoscopic findings and healing evaluated by von Arx and Kurt criteria and the modified
PENNM 3D criteria. The possible influence of patient age and gender and the type of tooth involved on
healing was evaluated.

Results: A total of 108 patients (114 teeth and 128 roots) were subjected to periapical surgery. Two or
more canals were detected in 27.3% of the roots (8.6% not subjected to orthograde filing), and isthmuses
were identified in 18%, craze lines in 7%, cracks in 3.1%, opaque dentin in 69.5%, and gaps in 53.1% of the
roots. The healing rate at 1 year according to the criteria of von Arx and Kurt was 95.4% versus 82.2%
according o the modified PENN 3D criteria. Failure was more common in roots with cracks, although sia-
tistical significance was not reached (odds ratio [95% confidence interval]: 0.20 [0.01 to 4.04]; P = .200).
The rest of the endoscopic findings as well as patient age and gender and the type of tooth did not
influence healing (P > .05).

Conclusions: In the present sample, no statistically significant associations were observed between the
endoscopic and healing at 1 vear after periapical surgery. Failure was more common in roots with cracks,

however.

B 20022 American Assocfation of Oral and Maxtllofacial Surgeons
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The aim of periapical surgery is to secure periapical tis-
sue regeneration, and its success rates have increased
over the years.' In 1996, Sumi et al.* described periap-

ical surgery as one of the least widespread and most
inadequately performed procedures in oral surgery,
with a reported success rate of approximately 50%.
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Hovwever, starting in the vear 2000, the scenario
changed thanks to the introduction of novel surgical
field magnification and illumination systems, such as
the endoscope or the microscope.™ ' With the evolu-
tion of the technigue toward microperiapical surgery,
the success rabes at 1 year have since reached about
92%." One of the advantages of the endoscope with
high magnification (14 to 26} is the detection of
root microfindings after apical resection, such as the
number of canals, joining isthmuses, craze lines,
cracks, opaque dentin, or gaps—the clinical signifi-
cance of which remains unclear to date.”

Some of these microfindings, such as opague dentin
and cracks, were described in 2003 by Shaton et al.,”
endorsing the endoscope as one of the best magnifica-
tion systems in periapical surgery. Posteriorly, in 2011
and 2017, von Arceral.”” published the only 2 clinical
studdies analyzing the microfindings on the sectioned
root end surface after apicocctomy. In these studies,
using the rigid endoscope as magnification system,
the authors reported the presence of opague dentin
in T9.8 to 84.1% of the roots and of craze lines and
cracks in 3.5 to 10.1%.

It has been described in the literature that opague
dentin and cracks may be precursors of root frac-
tures,” and it has also been reported that cracks may
be susceptible to bacterial colonization'” and might
not allow correct sealing of the retrograde ca'l.'it}'."
The available clinical studies  offer information on
the prevalence of these findings, although no studies
appear to have analyzed them in relation to healing af-
ter periapical surgery in one same sample.

The purpose of this study was to analyze the associ-
ation between the endoscopic  findings of the
sectioned root end surface and healing of the lesion
1 year after periapical surgery. The investigators hy-
pothesized that some of the endoscopic findings may
have a negative effect on the healing rate. The specific
aims of this study were I) to analyze the association
between the endoscopic findings and healing; 2) to
study whether the prevalence of the indings varies de-
pending on the age, gender, or type of tooth; amd 3) to
evaluate the concordance between healing at 1 vear
according to the criteria of von Arx and Kurt and the
merdificd PENN 3D criteria.

Materials and Methods

STUDY DESIGH

Ty address the research purpose, the investigators
designed and implemented a retrospective cohort
study at the Oral Surgery and Implantology Unit
(Depantment of Stomatology, University of Valencia
Medical and Dental School, Valencia, Spain). The study
was conducted in abidance with the Declaration of
Helsinki (1975 as revised in 201 3) regarding biomed-

116

903

ical research in human subjects and was approved
by the Ethics Committee of the University of Valencia
(Protocol ref.: 1,126,8700. The present study is re-
ported according to the Strengthening the Reporting
of Observational Studies in Epidemiology statement
for cohort studies (www strobe-state ment .org)

SAMPLE SELECTION

The study population was composed of patients
subjected to periapical surgery betweoen September
2011 and December 2019,

The inclusion criteria were healthy patients without
serious systemic diseases or functional limitations,
with stable periodontal conditions subjected to end-
odontic microsurgery using ultrasonic tips, a rigid
cndoscope as surgical ficld magnification and illumina-
tion system, mineral trioxide aggregate (Dentsply,
Tulsa Dental Specialties, Tulsa, OK, USA) as retrograde
filling material, and with 1 year of clinical and periap-
ical radiographic and/or cone-beam computed tomog-
raphy (CBCT) follow-up after surgery. The exclusion
criteria were patients failing to come to the control
visits, through-and-through lesions, apicomarginal de-
fects, and cases with regeneration of the bone defect.

SURGICAL TECHMIGUE

In all cases, local infiltration anesthesia was pro-
vided with 4% articaine and epinephrine (1:100,000;
Inibsa; Llica of Vall, Barcelona, Spain), and all surgeries
wiere performed using a dental operating microscope
(Maller Dental 300, Wedel, Germany) and a rigid endo-
scope with 307 forward view and 2.7 mm in diameter
(HOPKINS optics model 7207 BA, Karl Storz-
Endoskope, Tuttlingen, Germany) as magnification
and illumination devices. Paramarginal or submarginal
incisions were performed. After mucoperiosteal flap
release, an ostectomy was carried out using round
0.27 mm tungsten-carbide drills (Jota, Switeerand)
mounted in a 1:1 handpiece (WandH, Birmoos,
Austria) under irrigation with sterile saline solution.
Hemaostasis was secured with Expasyl (Pierre Rolland,
Merignac, France) or sterile  polvtetrafluoroethy-
lene strips.

The apical portion was resected 3 mm, as perpen-
dicular as possible to the longitudinal axis of the tooth,
and the root end surface was inspectod with the endo-
scope. Images were captured and processed using a
documentation device providing 5.600 K daylight
coloration, with a 50 W (1,000 lumens) halogen
lamp illumination source {TELE PACK PAL Control
Unit 20430-20; Karl Storz-Endoskope) and using a
digital camera with Parfocal Zoom Lens, £ = 25 to
50 mm {2x; TELECAM PAL color system, Karl Storz-
Endoskope). The retrograde cavities were then pre-
pared 3 mm in depth with ultrasonic retrotips
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(Piczomed, WandH, Burmoos. Austria), followed by
retrofilling with mineral trioxide aggregate (Dentsply,
Tulsa Dental Specialties, Tulsa, OK, USA). Intraopera-
tive photographs were obtained using the rigid endo-
scope with the highest possible magnification.
Tension-free flap closure was performed using 6-0 su-
ture material (Polinyl, Sweden, and Martina, Carrare,
Italy). The surgical technique has been further detailed
in previous publications. '

VARIABLES

The primary predictor variables comprised the
different endoscopic findings of periapical surgery:
number of root canals, isthmuses (joining lines be-
tween 2 or more canals), craze lines (dark lines appear-
ing to disrupt the integrity of the root dentin), opague
or ‘frosted” dentin (whitish dentin areas contrasting
with the normal yellow/gray hue of the root dentin),
and gaps (unfilled spaces between the root canal filling
material and the dentin wall). Figure | shows clinical
images of the different endoscopic findings.

The primary outcome variable was healing evalu-
ated 1 year after periapical surgery.

The covariates were patient age (<45 or >45 years)
and gender (male or female) and the type of treated
tooth (anterior [central and lateral incisors, and ca-
nines] and posterior [premolars and molars]).

ENDOSCOPIC FINDINGS IN PERIAPICAL SURGERY

DATA COLLECTION

Clinical, radiological, and endoscopic imaging data
of the root end surface after apical resection were
collected from the patients enrolled in the study. The
endoscopic images stored in a device (Karl Storz Tele-
pack PAL 200430 20, Tuttlingen, Germany) were ex-
ported and visualized on an LED computer screen
(iMac Pro; Apple, Cupertino, CA, USA) to check
them for clarity and the possible presence of artifacts
(blood and fluids) that could adversely affect their
assessment. All the endoscopic images were analyzed
by 2 evaluators (PG.S. and A.PS.), and any disagree-
ments were resolved by consulting an expert (M.PD.).

HEALING

Healing of cach root was evaluated because the
endoscopic findings were independent for each root.
Evaluation was made 1 year after surgery based on
the clinical data and periapical radiographs obtained
with a Rinn XCP Ring positioner (Dentsply. Konstanz,
Germany) based on the criteria of von Arx and Kurt,'”
who classified healing into 3 clearly differentiated sub-
groups: success (clinical score: 0, with bone regenera-
tion >90% of the lesion), improvement (clinical score:
0, with bone regeneration 50 to 90%), and failure (clin-
ical score 1 or bone regeneration <50%). Pain, sensi-
tivity in response to palpation or percussion,

FIGURE 1. Clinical imoges of different endoscopic findings at the root end surfoce offer apicoectomy. () canal without ecthograde filling,

| %): opoque dentin, (+]: dentin crocks, [+ ): isthmus, (0): gaps.

GleraSuarez et al. Endoscopic Findings in Periapical Surgery. J Oral Maxdllofac Surg 2022
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inflammation, and the presence of a fistula were taken
to represent surgical filure.

From Jume 2007, healing at 1 vear was also evalu-
ated by means of a control CBCT study, following
the publication of the modified PENN 3D criteria
described by Schloss et al., ' which classifies healing
into 4 subgroups: complete healing, limited healinmg,
uncertain healing, and unsatisfactory healing. The
CBCT volumes were taken using a Planmeca ProMax
A Classic device (Planmeca, Helsinki, Finland). The
field of view was either 5 = 5 cm (voxel size
0010 mm)y or 5 = B om {(voxel size 0.150 mm).
The exposure parameters were 6.3 or 50 mA for
medium and large size skulls at ™ kV, with an expo-
sure time of 12 and 15 seconds for 1807 rotation,
respectively. To evaluate healing with CBCT as
objectively as possible, the sagittal plane was posi-
tioned parallel to the mesiodistal axis of the twoth:
the coronal plane was aligned with the root canal:
and both planes passed through the middle of the
apicoectomized root end. Concordance between
the criteria of von Arx and Kunt and the modified
PENN 3D criteria was analyzed.

The association between the endoscopic findings
amd healing was evaluated by comparing the roots
that presented a certain endoscopic finding versus
those without that finding (eg, roots with cracks vs
roots without cracks). In the case of the number of ca-
nals, comparison was made of the roots with a single
canal versus those with more than one canal.

STATISTICAL AMALYSIS

A descriptive analysis was made of the study vari-
ables. Inferential analysis was used to explore the asso-
ciations between the study variables and healing of the
lesion, based on simple ordinal regression analysis us-
ing Generalized Estimating Equation models. The ef-
fects were evaluated from the Wald statistic. The
same method was wsed to study the association be-
tween covariates and endoscopic findings and thus
detect potential confounders that were considered in
multiple binary logistic regressions. The kappa index
(k) was calculated to assess concordanoe in evaluating
healing based on the periapical rdiographs and CBCT
scans. Statistical sipnificance was considered for P oof
less than (05,

Results

The initial sample consisted of 168 patients, of
which the following were excluded: 41 patients who
failed to come to the control visit at 1 year, 7
through-andthrough lesions, 8 patients with apico-
marginal defects, and 4 patients with bone defect
regeneration. The final study sample thus consisted
of 108 patients (114 teeth and 128 roots) with 1 vear
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of ollow-up. There were 50 women (51.8%) and 52
men (48.2%), with an overall mean age of
43.5 = 11.8 vears (range 19 to 79). Of the 114 teeth,
41 were incisors, 16 canines, 26 premolars, and 31 mo-
lars. Of the 128 roots, 57 corresponded to anterior
teeth (incisors and canines) and 71 to posterior teeth
(premolars and molars). Control periapical  radio-
graphs were available for the 108 patients, and 51 of
them (62 roots) had a control CBCT scan at 1 year.

With regard to the endoscopic findings, 27.3% of the
rosts had 2 or more canals (8.6% of the canals had not
been subjected to orthograde filing), 18% presented
isthmuses, 7% showed craze lines, 3.1% cracks,
69.5% opaque dentin, and 53.1% presented gaps.

The distribution of the roots according to the endo-
scopic findings, gender, age, type of tooth, and the
different healing subgroups is reported in Table 1.
Table 2 shows the association between endoscopic
findings (primary predictor variables) and covariates
(age, gender, and type of tooth). The prevalence rate
of crack lines in women (7.2%) and in men (07%G) was
significantly different (F = (W48, Fisher's test). The
prevalence rates of more than 1 canal, isthmus, and
opague  dentin - were  higher in posterior  teeth
compared with anterior (P < 01

HEALIMG RATE BASED O THE CRITERIA OF VOMN
ARK AMD EURT [CUMICAL AMD RADIOGRAPHIC)

A total of 68.8% of the roots showed complete heal-
ing, 26.6% improvement, and 4.6% failure. In one of
the failed cases, the patient suffered pain and sensi-
tivity in response to percussion, whereas in another
case, an active fistula with inflammation was de-
tected. Both these teeth were extracted. The other
4 failures according to radiographic criteria were
asymptomatic, and these teeth were not extracted.
No nervous or antral complications associated with
periapical surgery were reported. According to von
Arx and Kurt,"” lesion improvement is considered
to represent clinical success; consequently, the heal-
ing rate {(complete healing + improvement) at
1 year was 95.4%.

Mo swatistically  sipnificant  associations  were
observed between healing rate assessed from the peri-
apical radicgraphs at 1 yvear and the endoscopic find-
ing=s, apge, gender, and type of tooth. However, 1 of
the 4 roots with cracks failed to heal (Fig, 2A).

HEALIMG RATE BASED O THE MODIFIED PEMMN 3D
CRITERIA [TOMOGRAPHIC)

A total of 54.8% of the roots showed complete heal-
ing. 27.4% showed limited healing, 11.3% showed un-
cerain healing, and 6.5% showed unsatisfactory
healing (one of the cases presented active fistula with
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Table 1. DISTRIBUTIOM OF THE ROOTS (M) ACCORDING TO THE PRESENCE OF ENDOSCOPIC FI

ENMIMOSCOPIC FINIMNGS IN PERIAPIHCAL SURGERY

“ﬂﬂamﬂf“}“““ﬂ“““ﬂﬂﬂlﬂ“ﬂﬂ“ﬂ
MODIFIED M 3D CRITERLA
vt Arx and Kurt Maodified FENN 3D Criteria
Total  Complere Improvement  Failure  Total Complere Limived  Uncertain Unsagsfacuory

Roots n=128 n=HR =% m=h n=062 n=3 n=17 n=T =4
Mumber of noot canals

1 93 o5 23 5 44 24 14 3 3

=1 35 3 11 1 18 10 4 1
Isthmiises

Mo 105 T4 26 5 48 26 15 4 3

Yes 23 14 B 1 14 B 2 3 1
Craze lines

Mo 1149 H 24 G 50 44 14 i 4

Yes 9 4 5 0 3 0 3 i} i}
Crack lines

Mo 124 B5 34 5 58 3l 17 H 2

Yes 4 3 1] 1 4 2 ] g 2
Opaaguee dentin

Mo »m A0 9 ] 3 15 13 2z o

Yes B9 SH 25 ] = 1% 11 5 4
Giaps

Mix 2] 400 15 5 26 14 [ 2 4

Yes %] 48 14 1 3 20 11 5 g
Age

=45 6 39 24 3 32 16 12 2 2

=45 G2 44 10 3 Sib 18 5 5 2
Gender

Male 63 40h 149 4 3 1% 11 4 2

Female G5 EE] 15 2 25 15 3 3 2
Type of tooth

Anterior 57 40 1 1 31 17 11 3 ok

Posterion 71 E] 18 5 A1 17 3 4 4

n: pumber of foms.

Clerer-Suiares of al. Endoscopic Fndings in Periapdoad Swrgery 1 Onal Maoaliofoe Swrg 2022

inflammationy. The healing rate (complete + limited
healing) was B2.2%.

Moo statistically  significant  associations  were
observed between healing rate assessed from the
CBCT scans and the endoscopic findings, age, pender,
and tvpe of tooth (Table 3). The 4 subgroups were
dichotomized inte healed and nonhealed catepgories.
Cases classified as complete or limited healing were re-
garded as healed, whereas those classified as uncentain
or unsatisfactory healing were grouped as nonhealed.
However, 2 of the 4 roots with cracks failed to
heal (Fig. 2B).

The estimation of multiple models for each finding
showed that the primary predictor variable is not
associated with the primary outcome variable afrer
adjusting for potential confounders or effect modifiers
(Tabde 4).
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COMCORDAMNCE BETWEEM HEALMG AT 1 YEAR
ACCORDING TO THE CRITERLA OF WOM ARX AND
KUET AND THE MODIFIED PEMM 30 CRITERLA

The healing rate based on the modified PENMN 30D
criteria (82.2%) was lower than that obtained accord-
ing to the criteria of von Arx and Kurt (95.4%), and
there were no determinant endoscopic findings in
any of the cases. In a large proportion of the cases,
lesion healing was seen to be complete based on
both the periapical radiographs (68.8%) and the
CBCT study (54.8%; Fig. 3. However, there werne
also discrepant cases where the periapical radiographs
evidenced lesion healing, although not so the CRCT
scans (Fig., 4k as a result, concordance between
the healing criteria of von Arx and Kurt {213) and the
modificd  PENN - 3D
ate (kappa = (0L.58).

criteria  was moder-
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Table 2. ASSOCIATION BETWEEN ENDOSCOPIC FINDINGS AND COVARIATES

Gender Age Type of Tooth
Endoscopic Finding M OR (95%C1 £ Yalue OR (9554010 P Value OB (5% F ¥alue
Mumber of rools
1 94 0.76 (0.43-1.34) 341 076 (0.43-1.33) A 11.3 (4.54-27.8) < M
=1 35
Isthmuses.
Moy 105 .86 (0.45-1.65) JB5H 070 (0. 365-1.33) 273 13.4 (3.98-45.3) < (] *=*
Yes Z3
Craze lines
My 1149 074 (0. 26-2.16) 583 053 (0.17-1.66) 528 1.15 (0.39-3.38) T
Tes 9
Crack lines
My 124 . g 102 (0.25-4.16) YTH LG1 (0.15-2.49) ]
Yes 4
Opaque dentine
Moy 39 067 (0.54-1.31) 243 119 (0622 305 G2 T.2R (3.55-14.9) < M
Yes )
Gaps
Moy (] 1.15 ((LGH-1. 92 o7 065 (0. 39-1.10) 15 057 (0.32-1.01) 53
Yes GH

Y SR e R B’ L 1)
Abbreviations: Cl, confidence interval, OR, odds ratio.

ilera-Sudres et al. Endozcofite Findings in Perlapioal Surgery J Onal Macallofac Surg 2022

Discussion

The purpose of this study was to analyze the associa-
tion between the endoscopic findings of the sectioned
root end surface and healing of the lesion 1 year after
periapical surgery. The investigators hypothesized that
some of the endoscopic findings may have a negative ef-
fect on the healing rate. The specific aims of this study
wiere 1) to analyze the association between the endo-
scopic findings and healing; 2) to study whether the
prevalence of the findings varies depending on the
age, pender, or type of tooth; and 3 o evaluate the
concordance between healing at 1 yvear according to
the criteria of von Arx and Kurt and the modified
PEMM 3D criteria. After the examination of 128 roots
and lesion healing at 1 vear of follow-up, it was identified
a total of 35 roots with 2 or more canals 3 of which had
not been subjected to onthograde flling), 23 isthmuses,
9craze lines, 4 cracks, 89 roots with the presence of opa-
que dentin, and 68 gaps. The periapical radiographic
and CBCT healing rate at 1 year was 95 4% and 82.2%,
respoctively. Noo statistically  significant  associations
wiere observed between the healing rate at 1 year and
the endoscopic indings, age, gender, and type of tooth.
The prevalence rate of crack lines in women (7.2%) and
in men (0% was significantly different (7= (008, Fisher's
test). The prevalence rabes of more than 1 canal,
isthmus, and opaque dentin were higher in posterior
teeth compared with anterior (P < 01}
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The rigid endoscope has been shown to be a very
useful tool in periapical surgery, affording correct illu-
mination and magnification of the surgical field” and al-
lovwing the precise identification of root canals,
isthmuses, dentin cracks, craze lines, opague dentin,
and gaps. ™' * The presence of more than one mot ca-
ndl, and especially of joining isthmuses, can increase
the risk of periapical surgery failure."" It is therefore
essential to establish a correct diagnosis of canals
and isthmuses through adequate magnification and
to guarantes optimum retrograde cavity preparation
tor ensure pood sealing. In the present study, we de-
tected 2 or more canals in 35 roots (27.3%; including
3 that had not been subjected to orthograde Alling,
as commented previously) and 23 isthmuses (18%).
There were no statistically significant differences in
healing rate at 1 year between the roots with 1 canal
and those with more than 1 canal or between roots
with and without sthmuses. Nine roots had craze lines
(7%, and 4 presented cracks (3.1%). The presence of
these features has been investigated by different aw-
thars, ™' with a reported incidence of between 1.2
and 10%. The clinical sipnificance of such findings re-
mains unclear, although it has been sugpested that
they may be susceptible to bacterial colonization,
can affect sealing of the retrograde cavity,’' and may
even progress toward vertical fracture.™'" In our
studdy, the roots with cracks (Fig. 5) were associated
with a lower healing rate (1 of the 4 cases evaluated
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FIGURE 2. Disribution [%) of the roots occording to the endoscopic findings and healing rote evaluated by the criteria of von Arx and Kurt (4)

and the modified PENN 3D criteria [8).
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by periapical radiography failed, versus 2 of the 4 cases
cvaluated by CBCT).

Another microfinding that has been described as a
possible precursor of dentin cracks is opaque dentin
(or frosted dentin), which was detected in 89 roots
(69.53%) and consists of whitish or grayish areas first
identified #n pitro in 2003 by Slaton et al.” Opaque
dentin may be seen on examining the root end after
apical resection, particularly in posterior teeth. Rus-
sel etal."”*" found opaque dentin to be of lesser hard-
ness, with a greater prevalence in the buccal and
lingual zones of the root, and concluded that this
type of dentin may be a precursor of vertical root frac-
tures with a mesiodistal orientation. No significant as-
sociation was found between opaque dentin and
healing. Gaps were identified between the orthograde
filling material (guttapercha) and the dentin wall of the
canal in 68 roots (53.1%). There were no statistically
significant differences in the healing success rate at
1 year between the roots with or without gaps. This
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may be because of retrograde filling and posterior seal-
ing, climinating the pre-existing gap responsible for
chronic periapical periodontitis. The systematic re-
view conducted by Serrano-Giménez et al.”' suggested
no evidence of patient age as a predictor of treatment
success. Kreisler et al. ™ recorded a higher healing rate
(95%) in patients aged between 31 and 40 years. In
contrast, Barone ct al.*”" found the healing rate in indi-
viduals aged older than 45 years to be 84% versus 68%
in younger patients. In our study, no statistically signif-
icant association was observed between the age of the
patients and healing of the lesion.

No statistically significant association was observed
between the type of tooth and the healing rate,
although failure proved less frequent in anterior teeth.
This is consistent with the observations of other au-
thors who have reported an improved prognosis of
anterior teeth, attributable to easier access to the api-
cal zone.” ™ With regard to the evaluation of the
healing rate, CBCT reflected a lower healing rate
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Table 3. ASSOCIATION BETWEEM ROOT HEALING

W““ AND THE ENDOSCOPIC
INGS, PATIENT AGE AND GENDER, AND TYPE OF
TOOTH

Modified PENN 30 Criteria

MNot
Total Healed Healed
Smudied P
Variable =02 n=3% n=17 OR (9% CDH ‘alue
Mumber of
rool
canals
1 44 AH 6 041 (L i-1.62) 203
»1 1% 13 5
Isthmuses
Mix EE] 41 T 043 (L1177 241
Yes 14 10 4
Craze lines
Miox 549 LT 11 ... 1N
Yes 3 3 L]
Crack lines
Mo 58 48 10 020 (u01-4.04) 200
Yes 4 2 2
Crpague
dentin
Miox 23 21 2 032 (0e-1.57) 317
Yes 309 A 9
Gaps
Mix 26 20 6 1LBO (LSH.90) 354
Yes 3 Al 5
Ape
=45 32 28 4 AT (09-1.52) 10k
=45 30 3 7
Gender
Male 36 Aib 6 0B (020347 B10
Female 26 21 5
Type of
toroth
Anterior 31 28 3 031 (L0E-1.18) 0BG
Posterior 31 23

Naode. Results of the simple ordinal regression analysis using
gencralized estimaring equation (GEE) models, OR (95% Cl),
and P value.

Abbreviations: CL, confidence interval; OR, odds ratio.
GaleneAudrer of ol Emansoopic Fimdings in Periapical Sargery. §
el Maxiibofac Surg 2022

(82.2%) than when periapical radiographs were used
(95.4%). In some cases, bone repeneration assessed
by CBCT was less than that evidenced by
conventional radiography (Fig. 4).

STUDY LIMITATIONS

The main limitation of our study is the fact that some
of the endoscopic indings (eg, cracks and craze lines)
and healing failure were infrequent, thereby reducing
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Q0%

Regression Model OR 95% 01 P Valee

Model 1
MNumber of root canals (=13 062 011361 619
Type of wath (posterior) 037 u-2.18 373
Muodel 2
Isthinuses (yesh 070 0L13-3H8 68O
Type of wath (posterior) 0.3 0.07-1.85 355
Model 3
Craze lines (ves) - - -

Type of woth (posterior) - - -
Model 4

Crack lines (ves) 035 0.01-10.6 542

Type of woth (posterior) 033 008137 127

Gender (female) 0LBE 018428 H9
Model 5

Frosted dentine (yes) 047 007296 420

Type of wath (posterior) 041 Ou0d-192 257
Model 6

(s (Ves) 1.92 0.51-7.29 339

Tyvpe of woth (posterior) 030 00E-1.16 081

Naote. The reference categories are the absence of the
finding, the anterior sector, and the female gender.
Abhbreviations: C1, confidence interval, OR, odds ratio.

Clera-Sudres of @l Endoscopie Findings in Periapical Swrgery. J
Crend Maxitlofac Suarg 2022,

the large initial study sample te a much smaller sample
sie that precluded the drawing of irm conclusions.
The retrospective nature of the study is another impsor-
tant limitation because it conditions the available endo-
scopic images. For example, it might have happened
that a crack was detected but not documented, and
then the surgeon removed more teeth coronally wntil
the crack was no longer visible. Such a case would
not e reported as a Ainding in this study. Nevertheless,
cracks tended to be associated with poorer healing per-
formance. Further studies involving a larger sample of
ronts with endoscopic alterations and carried owt pro-
spectively are therefore needed to iddentify possible sta-
tistically significant associations. Another limitation is
the fact that control CBCT scans at 1 yvear of follow-
up were not available in all cases. In this regard,
CBCT has been shown to be more precise in evaluating
healing after periapical surgery than conventional peri-
apical radiographs.

In the present sample, no significant association was
observed between the endoscopic findings (number
of canals, isthmuses, craze lines, cracks, opague
dentin, and gaps) and the periapical surgery healing
rate at 1 year Nevertheless, although  statistical
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FIGURE 3. Example of compless healing of a lateral inciser [1.2) in a periapical radiograph and CBCT scan. A, Intraoperative dinical view
after apical resaction. B, Introoperative endoscopic view after apical resection, together with the application of methylene blue evidencing a
gap. C, Precperative periapical radiogroph. D, Preoperative sogittal CBCT scan. E, Introoperative dinical view afler retrograde filling with
MTA. F, Introoperative endoscopic view after retrograde filling with MTA. G, Control periapical radiograph at 1 year of follow-up, showing
complete bone regeneration of the lesion. H, Control sogitial CBCT scan at 1 year of followup, showing complete bone regeneration of the
lesion.

CGleraSuarez et al. Endoscopic Findings in Periapical Surgery. | Oral Maxallofac Surg 2022

significance was not reached, roots with cracks were and the failure of periapical surgery were infrequent:
associated with a poorer healing rate. Patient age and further studies involving larger sample sizes are there-
gender and the type of tooth exhibited no influence fore needed to explore the possible associations more

on the healing rate. Some of the endoscopic findings in depth.

FIGURE 4. Examgle of discrepancy in healing rate between periapical radiogrophy and CBCT in the mesicbuccal and palafine roots of an
upper second molar [2.7). A, Endoscopic view of the mesiobuccal root affer apical resection, showing a dentin crack (+ ). B, Endoscopic view of
the palatine root after apical resaction. C, Preoperative periapical radiograph of 2.7. D, Preoperative sogittal CBCT view showing chronic peri-
apical periodontitis of mesiobuccal roct level. £, Preoperative sogittal CBCT view showing chronic periopical periodontitis of palatine root level.
F, Endoscopic view after retrogrode filling of the mesicbuccal root. G, Endoscopic view after refrograde fifling of the palatine roct. H, Control
periopical radiogroph at 1 year showing apparent complete healing of the lesion. /, Postoperative sogittal CBCT view showing unsatisfoctory
healing o me;zuccd root level. J, Postoperative sogittal CBCT view showing unsatisfoctory healing ot palatine root level.

GleraSuarez et al. Endoscopic Findings in Periapical Surgery. ] Oral Maxdliofac Surg 2022
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FIGURE 5. Example of unsatisfactory healing in o periapical radiograph and CBCT scan of the mesiobuccal root of an upper first molor. '“ A,

Introoperative clinical view after opical resection. B, Intraoperative endosc
Preoperative periapical radiograph. D, Preoperative sogitial CBCT view.

view after apical resaction, showing 2 dentin cracks (). C

ic ’
og. intfrooperative endoscopic view after retrograde filling with

MTA. F, Control periapical radiograph at 1 year showing persistence of the lesion. G, Control sagittal CBCT view at 1 year showing persistence
of the lesion; no bone regeneration of the defect is observed.

GleraSudarez et al. Endoscopic Findings in Periapical Surgery. ] Oval Maxdllofac Surg 2022,
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Abstract

Background: A study is made of the findings of high-magnification rigid endoscopy at the root end surface follow-
ing apicoectomy of teeth subjected to periapical surgery.

Material and Methods: A cross-sectional study was made of patients subjected to periapical surgery at the Unit
of Oral Surgery and Implantology (University of Yalencia, Valencia, Spain) between 2011 and 2019, Following
apicoectomy, the root end surfaces were inspected, with the evaluation of untreated canals, isthmuses, craze lines,
crack lines, opaque dentin and gaps. Likewise, an analysis was made of the association between patient age and
the tooth type and restoration and the presence of craze lines, cracks, opague dentin and gaps.

Results: The final sample consisted of 168 patients subjected to periapical surgery, with 177 operated teeth and
2086 roots. Untreated canals were observed in 14 roots (6.8%). Isthmuses were identified in 74 roots (35.9%),
particularly in the mesial root of the lower first molar (94.1%). In turn, craze lines were identified in 8.3% of the
roots, cracks in 3.9%, and gaps in 53.4%. The prevalence of opague dentin was T8.3%, with a greater presence in
posterior teeth (90.3% in premolars and 86.2% in molars) than in anterior teeth (50.6%) {(p<0.001). Patient age and
tooth restoration showed no correlation to the studied parameters.

Conclusions: Craze lines and crack lines were ohserved in less than 10% of the roots, though opague dentin was
identified in 73% of the roots, particularly in posterior teeth, and gaps were found in over half of the canals.

Key words: Endoscope, cracks, gaps, opague dentin, perigpical surgery.
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Introduction

Periapical surgery is used to treat persistent chronic aps-
cal periodontitis in cases where healing is not achieved
(1). Perapical microsurgery has been shown to improve
the prognosis, thanks to magnification and illumination
of the surgical field with a microscope or endoscope,
allowing the detection of features that are not visible
to the naked eye (2). Use is also made of instruments
such as ultrasonic tips to prepare the retrograde cav-
ity, together with more biocompatible materials such as
mineral trioxide aggregate (MTA) (3.4).

The rigid endoscope is a useful tool in periapical mi-
crosurgery, being versatile, rapid and convenient to
use. It offers simple focusing and zoom functions, easy
mohility, and good visibility around the roots (5). The
success rate of periapical microsurgery with an endo-
scope 15 similar to that obtained with a microscope,
though the learning curve is easier with the former
instrument {6). With regard to the degree of magm-
fication, medium settings (x8-14) have been proposed
for hemostasis, the removal of granulation tissue, the
detection and location of roots, apical resection, and
preparation and filling of the retrograde cavity. High
magnification (x14-26) in turn 15 used for inspection of
the root end surface, retrograde cavity and retrograde
filling, with the purpose of detecting untreated canals,
isthmuses or microfractures (7,8).

The first study on the root end surface with magnifica-
tion in periapical surgery was published in 2003 by Sla-
ton er al. (9). These authors conducted an in vitro evalua-
tion of 50 maxillary teeth in which dentinal cracks were
induced for subsequent anabysis with a microscope, en-
doscope and magnification loupe. They described the
presence of opaque zones in the apical dentin {“opague
or frosted dentin™), which were associated with tension
zones (9). The authors also endorsed the endoscope as
the best magnification system for detecting these den-
tinal cracks, compared with the microscope and loupes.
WVon Arx ef al. subsequently carnied out two clinical
studies involving analysis of the endoscopic images of
the root end surface following apical resection (10,11).
In both studies, the most frequent finding in the roots
was opaque dentin (79.8-84.1%), particularly in premo-
lars and molars. They also reported a prevalence of gaps
of 49.3% (11) to 83.3% (10), and a very low presence of
craze lines (6.5%) and cracks (3.5-10.1%).

Since only two clinical studies (10,11) have analyzed
endoscopic images in periapical surgery to date, and
both moreover have been published by the same re-
search group, we decided to carry out the present study,
analyzing high-magnification endoscopic images of the
root end surface following apicosctomy in order to as-
sess details not detectable without the use of magnifi-
cation measures, such as untreated canals, isthmuses,
craze lines, crack lines, opaque dentin and gaps.
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Material and Methods

- Study design

A cross-sectional study was conducted at the Oral Sur-
gery and Implantology Unit { Department of Stomatol-
ogy, University of Valencia Medical and Dental School,
Valencia, Spain) in patients subjected to periapical sur-
gery between September 2011 and December 2019, The
study was conducted in abidance with the Declaration
of Helsinki (1975 as revised in 2003) regarding biomedi-
cal research in human subjects, and was approved by
the Ethics Committee of the University of Valencia
(Protocol ref.: 1126870

The present manuscript is reported according to the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement for cohort stud-
ies (www strobe-statement org).

- Sample selection

The following inclusion criterion was established: peri-
apical surgeries performed wsing a ngid endoscope to
obtain high-magnification intraoperative photographs.
The exclusion criteria were: roods presenting vertical
fractures implying extraction of the tooth, and poor
guality endoscopic images or images with artifacts pre-
cluding evaluation of the study variables.

- Surgical technigue

In all cases local infiltration anesthesia was provided
with 4% articaine and epinephrine (1100000} (Ini-
bsa®; Llica of Vall, Barcelona, Spain), and all surgeries
were performed using a dental operating microscopse
(Maller® Dental 300, Wedel, Germany). Paramar-
ginal or submarginal incisions were performed. After
mucoperiosteal flap release, an ostectomy was carried
out with a 1:1 handpiece (W&HE, Birmoos, Austria)
under irrigation with sterile saline solution. Hemostasis
was secured with Expasyl™ (Pierre Rolland, Merignac,
France).

The apical portion was resected 3 mm, and the root end
surface was inspected with a rigid endoscope with 30°
forward view and 2.7 mm in diameter (HOPKINS® op-
tics model 7207 BA, Karl Storz-Endoskope®, Tuttlin-
gen, Germany). Images were captured and processed
using a documentation device providing 5600 K day-
light coloration, with a 50 W (1000 lumens) halogen
lamp illumination source (TELE PACK™ PAL Con-
trol Unit 200430-20, Karl Storz-Endoskope®) and us-
ing a digital camera with Parfocal Zoom Lens, f=25-50
mm ({2x}) (TELECAM® PAL color system, Karl Storz-
Endoskope®). Methylene blue dve was used in cases
in which a crack or a root fracture was suspected, for
confirmatory purposes. The retrograde cavities werne
then prepared 3 mm in depth with ultrasonic retrotips
(Fiezomed®, W&H, Birmoos, Austria), followed by
retrofilling with mineral trioxide aggregate (MTA)
(Dentsply®, Tulsa Dental Specialties, Tulsa, OB, USA).
Intraoperative photographs were obtained using the
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rigid endoscope with the highest possible magnifica-
tion. Tension-free flap closure was performed using 6/0
suture material (Polinyl®, Sweden & Martina, Carrare,
Italy). The surgical technique has been further detailed
in previous publications (12)

- Data collection

Clinical data were compiled, together with radiological
studies and endoscopic images of the root end surface
following apicoectomy of the patients included in the
study. The filed endoscopic images (Karl Storz Tele-
pack PAL 200430 20, Tutthingen, Germany) were ex-
ported and examined on a computer with LED monitor
(iMac Pro, Apple, Cupertino, CA, USA) to assess their
validity in terms of sharpness and the presence of arti-
facts (blood, fluid) capable of interfering with evalua-
tion. All the endoscopic images wene analyzed by two
evaluators (PGS, APS), and disagreement was resolved
by consensus with an expert (MPD).

The primary study variables were the presence of un-
treated canals (untreated via the orthograde route), isth-
muses (joining lines between two or more canals), craze
lines (dark lines without loss of root dentin structure)
{10y, crack lines (fissures in the root dentin), frosted den-
tin (area of root dentin of a whitish appearance contrast-
ing with the conventional yellow ¢ gray tone of dentin)
and gaps (remmning unfilled spaces between the root
canal filling material and the dentin wall). In addition,
we precisely determined the location of the craze lines,
crack lines, opague dentin and gaps in the root, defin-
ing four zones: buccal, lingual, mesial and distal. The
primary study variables are depicted in Fig. 1.

O

Fig. 1: Ilustrabive veiew of the endoscopic Andings. A: orthograde
treated canal; Bo untreated canal; C: Isthmus; [x gap, E: arack line;
F: craze line; {3 opagque dentin.

The secondary study variables were the age of the pa-
tient (< 45 years or = 45 years), the type of treated tooth
{anterior teeth: central and lateral incisors, and camines;
and posterior teeth: premolars and molars), and the
presence of tooth restorations with a post or pin.

- Statistical analysis

A descriptive analysis of the study variables was made.
Inferential analyses were performed to explone the asso-
ciation between the prevalence of the different findings,
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and to establish associations with secondary variables
(e.g., type of tooth, patient age, and restoration with pin
or post), based on the chi-square test.

The chi-square equality of proportions test was used to
establish those findings more likely to appear in certain
zones of the root than in others. The level of significance
was established as 5%, with statistical significance be-
ing considered for p < 0.05.

Results

Ot of 182 patients subjected to periapical microsurgery
with an endoscope, first endoscopic evaluation of the
root end surfaces led to the exclusion of 14 roots due to
poor resolution of the images. The final study sample
thus consisted of 168 patients, with 177 teeth and a total
of 206 roots. There were 93 women (55.4%) and 75 men
(44.6%), with an overall mean age of 46.7 = 13.8 years
(range 18-%1)

The most frequently treated tooth was the upper lateral
incisor (16.4%), followed by the upper central incisor
(14.1%) and the upper first molar (12.4%). Of the total
treated tecth, 74.8% were located in the maxilla and
25.2% in the mandible. The upper premolars presented
one or two roots, while the lower premolars presented a
single root in all cases. The most frequently treated root
of the posterior teeth was the mesiobuccal root of the
upper first molar (8.7%) The distribution of the teeth
and roots 15 shown in Table 1.

- Primary variables

1) Untreated canals were identified in 14 roots (6.8%).
Of these, 5 corresponded to anterior teeth: three upper
lateral incisors, one upper central incisor, and one lower
central mcisor (Fig 2). Three canals were found in a
mesiobuccal root of an upper first molar, and in a mesial
root of a lower first molar,

2) Isthmuses were recorded in 74 roots (35.59%), being
found in approximately one-half of the molars (47.7%),
particularly in the mesiobuccal root of the lower first
meolar (94.1%0) (Fig. 2), and in 21% of the premolars,

3) Craze lines (Fig. 3) were seen in 17 of the 206 roots
(8.3%0). In two of the 17 roots two craze lines were re-
corded, while another presented three such lines. Craze
lines were more frequent in the mesial (33.3%) and dis-
tal zones (33.3%) of the roots than in the buccal (19%)
and hingual zones (4.8%).

4) Crack lines (Fig. 3) were detected in 8 of the 206
roots (3.9%). One root presented two cracks and another
had three. Dentin cracks were more frequent in the bue-
cal zome of the roots (62.5%), followed by the lingual
(25%), distal (25%) and mesial zones (12.5%).

5) Opaque dentin (Fig. 2, Fig. 3) was observed in 152
roots ( 73.8%). The root zones with the greatest presence
of opague dentin were the mesial zone (30.2%), fol-
lowed by the buceal (254%), lingual (22.8%) and distal
zones (21.6%).
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Table 1: Distributson of teeth (n = 177) and roots (n = 206), and frequency of canals and isthmuses according to groups of roots

Single Three Roots with
ROOTS canal Twe canals canals isthmus
JAW TEETH N | (%) ROOT N |J(%)| N | (%) | N |(%)| N |(%) ]| N | (%)
Total 134 | 757 Total 154 | 748 | 115 | 747 | 38 247 ] 1 06 | 24 | 156
Central incisor | 25 | 14.1 25 | 121 ]| 24 96 1 4 - - - -
Lateralincisor | 29 | 164 |Uniradicular| 29 | 141 | 26 | 897 3 10.3 - - 2 6.9
Canines 15| 85 15 ]73 15 100 - - - - - -
Uniradicular | 11 53 3 273 | 8 | 727 - - S | 455
First premolars | 20 | 11.3 | Buccalroot | 10 | 49 9 90 1 10 - - 1 10
Palatal root 3 39 8 100 - - - - - T
Uniradicular| 17 | 83 8 471 9 |529] - - 5 1294
: Second = =
MAXILLA premolars 19 | 10.7 | Buccalroot | 2 1 | 50 1 50 - - - -
Palatal root | 05 1 100 - - - - - -
Mesiobuccal . =
e 18 | 87 6 |333] 11 |61 1 56 9 50
Firstmolars | 22 | 124 | Diswobuccal | o | 40| g |ggo| 1 || - ) A )
root
Palatal root 1 0.5 1 100 - - - - - -
woel a | x s |3 w = | | 2 |
Second molar | 4 23 -
Distobuccal 4 19 4 100 5 E . 2 3 s
root 2
Total 43 | 243 Total 52 | 252 24 |4620| 27 |519] 1 19 | 23 | 442
Central incisor | 4 23 4 1.9 2 50 2 50 - - 1 25
Lateral incisor | 3 1.7 |Uniradicular| 3 1.5 3 100 - - - - - -
Canines 3 1.7 3 15 3 100 - - - - - -
First premolars | 4 2.3 |Uniradicular| 35 24 3 60 2 40 - - 1 20
MANDIBLE Second - S0 5N .
premolars 8 | 45 |Uniradicular| 8§ 38 6 | 714 2 |286) - - I 125
Mesialroot | 17 | 823 - - 16 | 941 1 591 16 |94l
First molars 17 96
Bipe: Distalroot | 7 | 34 | 5 | 714 ]| 2 |286] - | - | 1 | 143
Mesial root 3 1.5 - - 3 100 - - 2 66
Sec 4 2,
ST—- Dl 2 [ L 12 | ] <] <1=1| =] = |-

N: number, %: percentage

~ .

Fig. 2: A: Canal not subjected to orthograde treatment (circle) in an upper lateral incesor; B: Canal not subjected to arthograde treatment
{circle) in an upper central mncisar. Note the presence of opague dentin (star), C: Joiming isthmus between two canals (arrow) in the messal
root of a lower first molar. Zones of opague dentin are also seen (star)
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W}
Fig. 3: A° Craze hine (2rrow) in an upper canine; B: Craze line
{arraw) in the distal root of an upper first molar, C. Crack lines
(arrow) in the mesial root of 2 lower first molar. Note the presence
of opague dentin (star); D Crack hines (arrow) 1n the distal root of
an upper first molar. Opaque dentin is also observed (star).

6) Gaps (Fig. 4) were detected in 110 roots (53.4%),
and were slightly more numerous in the buccal (34.5%)
and lingual zones of the root (25.4%) than in the mesial
(20.9%) and distal zones (19.1%).

The distribution of craze lines, crack lines, opaque den-
tin and gaps according to the different root zones is de-
scribed in Table 2.

Endoscopec aings 10 penapecal negery

Fig. 4: A- Gap between the filler materzal and dentin wall i the
buccal root of an upper first premolar; B: Gap between the Gller
material and dentin wall i the distal root of an upper first molar.

- Association to secondary variables

1) Patient age: A total of 148 roots (71.8%) belonged to the
group of patients aged 45 years or older. No statistically sig-
nificant differences were observed on relating the presence
ofcraze lines (p = 0.07), cracks (p = 0.315), opaque dentin(p
=0.325) or gaps (p = 0.529) to the two age groups ( Table 3).
2) Type of tooth: The presence of opague dentin was
significantly greater in posterior teeth (90.3% in premo-
lars and 86.2% in molars) than in anterior teeth (50.6%)
(p < 0.001). The presence of craze lines (p = 0.652) and
crack lines (p = 0.157) was shightly greater in posterior
teeth, though statistically significant differences were
not recorded. There were no differences in the presence
of gaps according to the type of tooth (Table 3).

3) Tooth restored with or without pin or post: No statistically
significant differences were observed in relation to the
presence of craze lines (p = 0.09), crack lines (p = 0.105),
opaque dentin (p = 0.375) or gaps (p = 0.425) (Table 3).

Table 2: Distribation of craze lines, crack lines, opague dentin and gaps accoeding to root zone (buccal, hingual, mesial or distal)

CRAZE LINES CRACK LINES OPAQUE DENTIN GAPS
N (%) N (%) N (%) N (%)
TOTAL 21 100 11 100 268 100 110 100
BUCCAL 5 238 6 54.6 68 254 38 345
LINGUAL 2 9.6 2 18.2 6l 228 28 254
MESIAL 7 333 1 9.1 31 302 23 209
DISTAL 7 333 2 18.2 58 216 21 191
N: mumber, %: percentage.
Table 3: Presence of craze lines, crack lines, opaque dentin and gaps according lo secondary variables
CRAZE CRA_CK OPAQUE GAPS
LINES LINES DENTINE
N (%) N (%) N (%) N (%)
TOTAL (n= 206) 17 8.3 8 39 152 738 110 534
AGE OF PATIENT | Roots of patients < 45 YEARS (n=58) 8 13.8 1 17 40 69 33 56.9
Roots of patients > 45 YEARS (n= 148) 9 6.1 7 47 112 757 77 52
TOTAL (n=206) 17 8.3 8 39 152 738 110 534
Roots of anterior teeth ( n= 79) 6 7.6 2 2.6 40 50.6 49 62
DIFECE IO Roots of premolars (n = 62) 4 6.5 2 32 56* | 90.3* 30 484
Roots of molars (n = 65) 7 10.8 4 62 | 56* | 86.2* | 3l 477
TOTAL (n=206) 17 8.3 8 39 152 738 110 534
ponscu il Roots with post/screw (n=25 ) 3 12 | 2 ] 8 |2 [ 8| 18R
Roots withput post/screw (n = 181) 14 7.7 6 33 132 | 729 92 50

N: number, Yo percentage, Statistically ssgnificant difference: * p =~ 0.001
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Discussion

The mim of the present study was to inspect root end
surfaces following apical resection using a rigid endo-
scope in order to allow the detection of features that are
not visible to the naked eyve, and to associate them to the
age of the patient, the type of tooth and the presence of
posts or pins in the treated teeth.

In recent years, one of the main advances in periapi-
cal surgery has been the introduction of magnification
and illumination systems such as the endoscope, micro-
scope, or magnification loupe (13-16). Microscopes and
loupes afford the magnification and illumination need-
ed for the operation, though there has been growing
interest in the use of endoscopes as an alternative for
guarantesing adequate magnification and illumination
in periapical surgery (15,17}, since the learning curve is
easier and endoscopy has shown great precision in diag-
nosing microstroctures in perapical surgery (13,17,18).
Two of the main causes of conventional endodontic treat-
ment failure are the presence of unfilled root canals and
joining isthmuses between canals. In the present study,
the prevalence of isthmuses was 47.7% in molars, with
particular involvement of the mesial root of the lower
first molar (91.1%). These data are consistent with the
ohservations of previous studies reporting a high fre-
quency of isthmuses in the mesial root of the lower first
molar (10,19.20). The presence of isthmuses has been
shown to significantly increase the likelihood of peri-
apical surgery failure (21} correct diagnosis and prepa-
ration of the retrograde cavity in roots with isthmuses is
therefore crucial in order to ensure predictable treatment.
With regard to craze lines and crack lines, it has been
seen that defects of this kind (22) may be caused both
by orthograde canal treatment (23) and by retrograde
cavity preparation during periapical surgery (24). To
date, only three periapical surgery studies have intraop-
eratively evaluated the possible causes of conventional
endodontic treatment failure (10,11,25). In 2011, Song et
al. recorded a 1.2% prevalence of dentin cracks in the
roots inspected with a microscope (25). That same vear,
von Arx ef al. (10), using magnification with a rigid en-
doscope, reported a prevalence of craze lines and crack
lines of 6.5% and 3%, respectively - most of these de-
fects being located in the buccal section of the root. In
2007, von Arx et al. (1) published another clinical study
in which endoscopy identified crack lines in 10% of the
roots, In the present study, craze lines were detected in
£.3% of the cases, while the prevalence of crack lines
was 39%. These data are similar to those published by
von Arx et al. (10,11). While the impact of crack lines
upon the clinical outcomes of endodontic surgery 15 not
fully clear, it has been reported that they can give rise to
bacterial colonization (26), can affect sealing of the ret-
rograde cavity (27), and may even progress to vertical
fracture (8,22). In concordance with von Arx er al, (107,

131

findiegs in p

| iumgery

we found no correlation between the age of the patient
and the occurrence of crack lines or craze lines, and
maost of the dentin cracks were moreover located in the
palatal zone of the root (62.5%). However, no association
was found with the presence of restorations with posts
or pins, and the presence of cracks was not seen to be
more frequent in premolars than in other types of teeth
(100, This lack of an association may be explained by the
few teeth restored with posts or pins in the study sample.
Another of the features analyezed in our study was
opaque dentin, characterized by a shift in dentin col-
or from yellow-gray to white. This characteristic was
identified in 2003 by Slaton er al. (%) following apical
resection in an in vitro study on the formation of den-
tin cracks. The authors described opague dentin as ap-
pearing in tension zones. In 2006, Paque et af. (28) as-
sociated the presence of opague dentin to zones with
permeable rather than sclerotic dentin tubules. In 2014,
Russel et al. (29) studied what they called the butterfly
effect - an optical phenomenon seen in cross-sectional
visualization of a root after apical resection - and found
the density of the tubules to be significantly greater in
the buccolingual (opaque) zones than in the mesiodistal
(translucent) zones corresponding to the mentioned but-
terfly effect. In a later study, these same authors evalu-
ated dentin hardness associated with the butterfly ef-
fect (30) and found hardness to be significantly greater
in the mesial and distal zones (butterfly effect) than in
the buccolingual zones. The authors concluded that this
could explain the high prevalence of vertical root frac-
tures that occur in the buccolingual direction (26, 30).
The clinical implications of opague dentin are therefore
still not fully clear, as they might represent precursors
of dentin cracks or fractures in these root zones.

Von Arx ef al. reported the prevalence of opague dentin
to be T9.8% (10} and 84.1%5 (11}, and found such dentin
to be more frequent in posterior teeth and in the buceal
zone of the root. In the present study, and in concor-
dance with the data published by von Arx er al. (10,11),
we detected the presence of opague dentin in 152 roots
(T3.8%), and found the posterior teeth to be significantly
maore affected (p < 0.001). Nevertheless, the distribution
by root zones was quite homogeneous, with no clear dif-
ferences evidencing a greater presence of opague dentin
in some zones of the root than in others. In turn, no as-
sociation was found between the presence of posts and
pins and the age of the patient.

Lastly, one of the main causes of conventional endodon-
tic treatment failure has been shown to be the presence
of a gap between the root canal filling material and the
walls of the root canal. We recorded a total of 110 gaps
(53.4%), and these were shghtly more prevalent in the
buccal (34.5%) and lingual zones of the root (25.4%)
than in the mesial (209%) and distal zomes {(19.1%).
These ohservations are in line with those published by
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von Arx ef al. (10,11), who reported a greater incidence
of gaps in the buccal and lingual sections of the roots.
In an attempt to explain these observations, the authors
speculated that instrumentation and filling of the canals
15 simpler in the mesial and distal zones than in the buc-
cal and palatine zones, and that the oval shape of the
root canals also conditions gap formation.

The present cross-sectional study contributes interest-
ing information on the prevalence of the features that
can be diagnosed at the root end surface of the tooth af-
ter apical resection using a rigid endoscope as a magni-
fication and illumination system. However, prospective
and controlled studies are needed to determine whether
there 15 a long-term association between such param-
eters and the periapical surgery success rate. Addition-
ally, there are limitations regarding the use of the endo-
scope, such as fogging or the need to correctly focus the
root every time we use the instrument. A possible line
for future research could be the study of the long-term
healing of those roots presenting opague dentin, craze
lines or crack lines compared with a control group with-
out such defects, with a view o establishing possible
influences upon healing probability.

Conelusions

Craze lines and crack lines were observed in less than
10%4 of the roots, though opague dentin was detected in
T¥4 of the roots - particularly in posterior teeth - and
gaps were moreover found in over half of the canals.
The age of the patient, and restorations with posts or
pins, had no influence upon the endoscopic findings.
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Abstract

Background: An analysis was made of the correlation between root width, the thickness of the remaining dentinal
wall as determined by endoscopy, and the outcome of periapical surgery.

Material and Methods: A retrospective cohort study was carried out involving patients subjected to periapical
surgery between 2017 and 2019 at the University of Valencia (Valencia, Spain).

One year after surgery, cone-beam computed tomography (CBCT) was used to evaluate healing against the preop-
erative volumes. The maximum root width was measured on the postoperative CBCT scan at the apical section of
the treated root. This measurement was transferred to the intraoperative endoscopic image, where the minimum
root width, peripheral dentin thickness, and minimum dentin thickness were recorded. Root measurements, and
the position (maxillary or mandibular) and type of tooth (roots of incisors, canines, premolars or molars) were
further correlated to periapical surgery outcome.

Results: A total of 51 patients, comprising 52 teeth and 62 roots, were included in the study. The mean measure-
ments were: maximum root width (4.13=0.84 mm), minimum root width (2.46+0.72 mm), peripheral dentin thick-
ness (0.77=0.2 mm) and minimum dentin thickness (0.4+0.2 mm). The success rate was 82.2%. Premolar roots
showed a greater minimum dentin thickness (0.38=0.25 mm) (»<0.003) than incisor roots. No significant associa-
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tion was found between the different measurements and the healing rate at one year, though the roots that failed to
heal showed smaller mimimum dentin thickness values than the roots that healed correctly. The position and type of

tooth did not influence healing outcome,

Conclusions: The root width and thickness of the remaiming dentin wall did not significantly influence healing,
However, the roots that failed to heal showed smaller minimum dentin thickness values than the roots that healed

correctly.

Key words: Endodontic surgery, endoscope, dentin walls.

Introduction

The aim of penapical surgery 15 to treat persistent chromic
periapical penodontits in those cases where orthograde
root canal retreatment is not possible (1), The technique
has evolved over the years, and surgical field illumination
and magnification systems have been introduced, such as
the microscope and endoscope, resulting i periapical
surgery success rates of over 90%% (2). The endoscope al-
lows accurate inspection at root resection level (2,3). It
offers advantages such as the identification of root tips,
possible root fractures, canals not sealed through ortho-
grade filling, and the joining of canals (isthmuses) (4).
Likewise, the instrument allows confirmation of proper
sealing of the retrograde apwal cavity (5,6). Compared
to the microscope, the rnigid endoscope 15 associated to
lower cost, and the learning curve is easier (7).

During periapical surgery, it has been described that a
3-mm apicosctomy should be performed to eliminate
all apical ramifications and lateral canals, and to avoid
reinfection of the periapical area and therefore recur-
rence of the lesion (8-10). The root section must be per-
pendicular to the longitudinal axis of the tooth (1), and
it has been suggested that the retrograde cavity should
have a depth of 3 mm and follow the original path of the
root canal (12) In vitro studies have demonstrated that
if the retrograde cavity is performed with beveling, mi-
croleakage occurs through the area where the remain-
ing dentin wall is thinner (13,14).

To date, only one clinical study, published by von Arx
ef al. (15), has analyzed the in vive mean thickness of
the dentin wall remaining around the retrograde fill-
ing. These suthors performed four measurements in
the buccolingual and meswdistal planes of the roots
using cone-beam computed tomography (CBCT) at 12
months after surgery. However, the diameter of the re-
maining root surface after apical resection, and the zone
of the dentin wall with the smallest dentin thickness, are
possible periapical surgery prognostic factors that have
not vet been chincally evaluated.

The present study was carned oot to analyze the rela-
tionship between the root diameter and thickness of the
remaining dentin wall at root surface level following
apicoectomy and the periapical surgery healing rate at
one year, using the control CBCT scan made one year

after the operation and the intraoperative endoscopic
images obtamed after retrograde filling,

Material and Methods

- Study design

A retrospective cohort study was conducted from Sep-
tember 2007 to December 2009 at the Oral Surgery and
Implantology Unit {Department of Stomatology, Uni-
versity of Valencia Medical and Dental School, Valen-
cia, Spain). The study was conducted in abidance with
the Declaration of Helsinki {1975 as revised i 2003)
regarding biomedical research in human subjects, and
was approved by the Ethics Committes of the Univer-
sity of Valencia (Protocol ref: 1126870). The present
manuscript is reported according to the Strengthening
the Reporting of Observational Studies in Epidemiol-
oy (STROBE) statement for cohort studies (www.
strobe-statement.org).

- Sample selection

The inclusion cniteria were healthy patients without seri-
ous systemic diseases or functional limitations and with
stable periodontal conditions subjected to endodontic
micTosurgery using ultrasonic tips, a rigid endoscope to
obtain high-magnification intraoperative photographs,
mineral triowide aggregate (MTA) (Dentsply®, Tulsa
Dental Specialties, Tulsa, OK, USA) for retrograde fill-
ing, and CBCT before surgery and after one year of fol-
low-up. The exclusion criteria were patients failing to
come to the control visits, through-and-through lesions,
apicomarginal defects, cases in which bone regenera-
tion of the defect was performed, and poor quality en-
doscopic images or images with artifacts precluding
evaluation of the study variables.

- Surgical technigue

In all cases, local infiltration anesthesia was provided
with 4% articaine and epinephrine (1:100,000) (Ini-
bsw®; Llica of Vall, Barcelona, Spain), and all surgeries
were performed wsing a dental operating microscope
(Maller® Dental 300, Wedel, Germany) and a ngid en-
doscope with 30° forward view and 2.7 mm in diam-
eter (HOPEINSE optics model 7207 BA, Karl Storz-
Endoskope®, Tuttlingen, Germany) as magnification
and illumination devices. Paramarginal or submarginal
incisions were performed. A fter mocoperiosteal flap re-
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lease, an ostectomy was carried out using round 0.27 mm
tungsten carbide drills (Jota, Switzerland) mounted in a
1:1 handpiece (W&H®, Blirmoos, Austria) under irriga-
tion with sterile saline solution. Hemostasis was secured
with Expasyl™ (Pierre Rolland, Merignac, France)
or sterile polytetrafluoroethylene (PTFE) strips (16).
The apical portion was resected 3 mm, as perpendicu-
lar as possible to the longitudinal axis of the tooth, and
the root end surface was inspected with the endoscope.
The retrograde cavities were then prepared 3 mm in
depth with ultrasonic retrotips (Piezomed®, W&H,
Biirmoos, Austria), followed by retrofilling with MTA
(Dentsply®, Tulsa Dental Specialties, Tulsa, OK, USA).
Intraoperative photographs were obtained using the
rigid endoscope with the highest possible magnifica-
tion. Tension-free flap closure was performed using 6/0
suture material (Polinyl®, Sweden & Martina, Carrare,
Italy). Fig. 1 shows the clinical and endoscopic views of
8 of the 62 roots included in the study sample.

Influesce of root wadth and deatia wall thick sess spos penapical surgery kealing

- Radiographic assessment

The preoperative and follow-up CBCT volumes were
taken using a Planmeca® ProMax 3D Classic device
(Planmeca, Helsinki, Finland). The field of view (FOV)
was either 5x5 cm (voxel size 0.010 mm) or 5x8 cm (vox-
el size 0.150 mm). The exposure parameters were 6.3 or
8.0 mA for medium and large size skulls at 90kV, with
an exposure time of 12 and 15 seconds for 180° rotation,
respectively.

The 12-month follow-up CBCT volumes were as-
sessed twice by two authors (P.G.S. and D.S_P)) not in-
volved in the surgery procedures, at an interval of four
weeks. Maximum root width (buccal-lingual/palatal)
in the axial plane was recorded using the Romexis
5.2.1.LR application (Planmeca, Helsinki, Finland)
(Fig. 2). The means of the two measurements of the
two observers were pooled for the final analysis and
further calibration of the endoscopic images in dupli-
cate (P.G.S. and A.PS).

view. Right: endoscopic view
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Fig. 1: Retrograde filling after apicoectomy in 8 of the cases included in the study. Left: clinical intraoral
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Fig. 2: 2A: Cone-beam computed tomography measurement: maximum root width in the axal plane
The CBCT image cocresponds to Figure 1A; 2B: Calsbratson of the endoscopic image from the mea-
surement of the maximum root width obtained i the CBCT, 2C. Endoscopic measurements. (A)
maximum root wiadth; (B): mimimum root wadth; 2D: Endoscopic measurements. (C, D, E, F): mea-
surements of peripheral dentin thickness; (G): minimum dentin thickness

- Collection of endoscopic images

The surface of the resected root apex was inspected in-
traoperatively with a rigid endoscope with 30° forward
view and 2.7 mm in diameter (HOPKINS® optics model
7207 BA, Karl Storz-Endoskope®, Tuttlingen, Germa-
ny). Images were captured and processed using a docu-
mentation device providing 5600 K daylight coloration,
with a 50 W (1000 lumens) halogen lamp illumination
source (TELE PACK™ PAL Control Unit 200430-20,
Karl Storz-Endoskope®) and using a digital camera
with Parfocal Zoom Lens, £=25-50 mm (2x) (TELE-
CAM® PAL color system, Karl Storz-Endoskope®)
Images were coded and exported to a PDF file by a third
author not involved in appraisal of the images (B.T.A),
to implement blinding of the evaluators. Then, two au-
thors (PG.S. and A PS)) assessed the endoscopic im-
ages for validity in terms of quality (sharpness) and to
exclude those with the presence of artifacts (e.g., incom-
plete root apex visibility, blurred or foggy images) ca-
pable of impeding adequate evaluation. Disagreements
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were resolved by consensus with a third author (DS -
P). For this procedure, the images were visualized on
a Full HD monitor (1920 x 1080 pixels) under subdued
lighting (iMac Pro, Apple, Cupertino, CA, USA). The
appraised images were categorized as adequate or n-
adequate according to the abovementioned criteria, The
level of agreement at this stage was determined based
on the intraclass correlation coefficient (ICC), as previ-
ously described (16).

- Calibration of endoscopic images and examiners
Calibration of the nigid endoscope images was per-
formed in duplicate (P.G.S. and A.PS), and mvolved
transfer of the maximum root width measurement ob-
tained from the CBCT slices to the intraoperative en-
doscopic capture, with use of the Romexis 52.1.R ap-
plication (Fig. 2). From this point, the following study
parameters were defined (Fig. 2):

1) Maximum root width: buccolingual/palatal root
width (A)

2) Minimum root width: meswodistal root width (B)
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3) Peripheral dentin thickness: mean dentin thickness
peripheral to the retrograde filling. For this purpose, four
measurements were made on the dentin wall — two of
them (C) and (D) in the buccolingual/palatine plane, and
the other two (E) and (F) in the mesiodistal plane. The
mean dentin thickness (peripheral dentin thickness) was
calculated from the mean of these four measurements
4) Minimum dentin thickness (G): measurement made
on the narrowest zone of the dentin wall

The repeatability of the measurements taken from the
endoscopic images was calibrated based on two series
of measurements at an interval of one week, using 5
cases with apicomarginal defects that were deemed to
be excluded from the study. The measurements were
pooled, and a mean was calculated for analysis.

The level of agreement of the lincar measurements be-
tween reviewers for calibration of both the CBCT and
endoscopic images was obtained by calculating the
ICC, with interpretation according to the Landis and
Koch scale (17).

- Study outcomes

The main study variables were the maximum (buc-
colingual/palatine) and minimum (mesiodistal) root
width, peripheral dentin thickness and minimum den-
tin thickness around the retrograde filling cavity, and
healing outcome one year after surgery. As secondary
variables, we evaluated the type of tooth (roots of inci-
sors, canines, premolars and molars), and tooth position
(maxillary or mandibular).

- Healing assessment

Healing was independently evaluated for cach root,
considering the clinical and radiographic parameters of
the CBCT volumes at the 12-month postoperative re-
call. Pain, sensitivity in response to palpation or percus-
sion, inflammation and the presence of a fistula were
categorized as unsatisfactory healing. The CBCT sag-
ittal plane was parallel to the mesiodistal long axis of
the tooth; the coronal plane was aligned with the root
canal; and both planes passed through the middle of the
resected root end.

Radiographic healing status was independently evalu-
ated by two calibrated observers (P.G.-S., A.P-S) and
categorized into four subgroups, based on the modified
PENN 3D critera (18), as follows: complete, limited,
uncertain, unsatisfactory. The results obtained were
dichotomized into healed and non-healed categories.
Cases classified as complete or limited healing were re-
garded as healed, whereas those classified as uncertain
or unsatisfactory healing were grouped as non-healed.
Images were inspected under standardized conditions.
Magnification tools were used when deemed necessary.
A kappa (k) value for agreement was calculated, and
discrepancies were resolved by discussion with a third
advisor (D.S.-P.). The characteristics of the healing cri-
teria are depicted in Fig. 3.
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- —
Fig. 3: Cone-beam computed tomography view (lefl: preoperative;
nght: postoperative) of four of the cases included in the study, show-
ing the four healing subgroups according to the modified PENN 3D
critena: A) complete healing, B) himuted healing, C) uncertain heal-
ing, D) unsatisfactory hesling

- Statistical analysis

A descriptive analysis was made of the study variables,
with determination of the corresponding 95% confi-
dence interval (95%Cl) for lincar parameters. An infer-
ential analysis was performed of the linear parameters,
with exploration of the association between treatment
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outcome and the independent variables. Generalized
Estimating Equation (GEE) models were used to ana-
Iyze the probability of treatment failure according to
cach of the independent variables. Unadjusted odds ra-
tios (ORs) were estimated, and the effect was measured
using the Wald Chi-squared statistic.

The level of statistical sigmificance was established
as 5% (o=0.05). Absolute inter-rater agreement was
eviluated using a two-way mixed-effects model for the
means of {k=2) evaluators, and interpreted as proposed
by Shrout and Fleiss (19). Mean estimations along with
95% confidence intervals (95%CT) were reported for
each ICC, with interpretation as follows: poor < 0.50;
farr 0.50-0.75; good 0.75-0094; and excellent = 0.90.

Results

- Sample selection and sample features

Of the imitial sample of 70 patients, & who failed to
come to the one-year follow-up visit were excluded, in
the same way as four with apicomarginal defects, two
with through-and-through lesions, and two in which
bone regeneration of the defect was performed due to
the large size of the lesion.

Furthermore, after analyzing the endoscopic images of
the 54 potential eligible patients, three were excluded
due to poor quality endoscopic images or images with
arfifacts precluding evaluation of the study vanables.
Inter-rater consistency was almost perfect (1CC = 0098,
p=0.001).

Fifty-one patients were thus finally included in the
study, comprising 52 teeth and 62 roots. OF these sub-
Jects, 31 were women (60.7%) and 20 men (3%9,3%), with
amean age of 470 £ 4.9 years (range 18-76). Regarding
the 62 included roots, 41 were maxallary (66.1%) and 21
mandibular (33.9%%); 21 belonged to incisors (33.9%), &
o canines (9.7%), 13 to premolars (20.9%) and 22 to
maolars (35.5%) (Table 1).

- Root width and dentin thickness

The mean maximum and minimum root widths were
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4.1=08 mm and 25207 mm respectively. With re-
gard to the measurements made, inter-rater agreement
proved to be almost perfect for both parameters (1CC =
0,92, 95%C1 [0.88; 0.94)) and (1CC = 0,96, 95%C1 [0.93,
(.949]). With regard to the position and type of tooth,
no significant differences in root dimensions were ob-
served.

Peripheral dentin thickness and minimum dentin thick-
ness were (077+0.2 mm and 0.4=0.2 mm respectively.
The ICC for inter-rater agresment was almost perfect
for both measurements (ICC = 0.98, 953%Cl [0.96; 1.007)
and (IOC=0.90, 95%C1 [0.87; 0.93]). No minimum den-
tin thickness values of = | mm were obtained in any of
the cases included in the study. Premolar roots showed
a greater mimmum dentin wall thickness (0058+0.25)
than incisor roots (p<0.003). With regard to tooth posi-
tion, no significant differences in root dimensions were
observed. The position and type of teeth are deseribed
in Table 1.

- Healing outcomes and inferential analysis

Complete healing was observed in 54 8% of the roots,
limited healing in 274%, uncertain healing in 11.3%,
and unsatisfactory healing i 6.5%. One of the cases
presented an active fistula with inflammation of the
zone, and was thus classified as unsatisfactory healing.
Based on dichotomization into healed and non-healed
categories, the final success rate at one year of follow-
up was 82 2% The different measurements made and
their distribution among healing categories are reported
in Table 2.

Mo statistically sigmificant association was ohserved be-
tween the study varables (root and dentinal wall mea-
surements, position and type of tooth) and the periapi-
cal surgery healing rate at one year (Table 3). Although
no significant correlation was found between mimimom
dentin thickness and healing of the lesion (p=0.05),
those roots that failed to heal were seen to have smaller
minimum dentinal thickness values than the roots that
healed correctly (Fig 41

Tahble 1: Root dimenssons {mmi) according o the type and position of the root subjected to periapscal surgery.

ROOTS N (%) Maximum root widih | Minimum root width P‘eri:::i:::::ltin Min::;:;;:.ﬂn

mean £ S0 (range) mean = 50 (range) mean + 50 (range) mean + 50 (range)
Total G200 | 413 =084 (6.26-2.40) | 246 =072 @ 40-1-10) | 077 £ 0.20(2.70-0.30) | 042 = 009 (0.90-0.00)
Incisois 21 (339) | 401 =091 (5.62-240) | 246 =067 (3.90-1.20) | 0.74 = 017 {200-0.50) | 0.39 = 0012 (D60-0.10)
Canines 6(9.7) | 439=079(5.95-346) | 276+ 057 (3.70-2.040) | 0.86 £ 0.15 (1L.B0-0.67) | 0.45 £0.22 (0.B0-0.20)
Premolars | 13 (209) [ 425 + 068 (4.94-2 85) | 288 =099 (4.40-1.200 | 084 =028 (1.90-0.40) | 0.58 = 0.25 (1_20-0.30)
Malars 22(355) | 402 £ 0BE (4.82-2.47) | 2192052 (3 20-1.100 | 0.75 & 0020 {2.70-0060) | 038 + 0.18 (0.70-0.00)
Maxilla | 41 (66.1) | 4.20= 081 (5.62-247) | 247 =077 (4.40-1-10) [ 0.75 £ 018 (2.70- 0500 | 041 = 006 {0.80-0. 00y
Mandible | 21 (339 | 4.00 =091 (6.26-2.40) | 243 =062 (3.60-1.20) | 081 = 024 (240-0.30) | 0.45 = 025 (090-0.00)

N number, ¥ percentage S[r- standard deviation, Ramge {max - min).
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Table 2: Azsociabion between reot dimenssons (mm) and healing after periapecal surgery.

Total Complete Limited heal- Unecertain | Unsatisfactory
healing ing healing healing
N 62 i4 17 7 4
Mean 4.13 4.1 4.31 148 4.19
Maxinuum D .84 0.E4 09 0.37 0.3l
rieot width Min, 24 47 24 106 R
Mlax, 6,26 562 6.26 3176 4.5
Median 4.17 416 4.31 143 4.18
N 62 34 17 7 4
Mean 246 153 2.34 1.93 249
Minimum S 072 077 0.62 0.25 0.37
rieot width Min. 1.1 1.2 1.1 1.7 206
Max. a4 a4 34 22 27
Median 23 24 23 1% 27
M 62 i 17 7 4
Perinheral Mean 0.77 0§l 079 0,80 0.74
de::i": th|l‘:k- sp 02 032 0.33 u? 04
Hess Min. 04 05 4 0.5 0.4
Max. lL.& 1.5 16 1.3 1.2
Median 06 05 06 04 0.4
M 62 i 17 7 4
Mini Mean 0.42 046 0.35 0.37 023
dent;‘n':‘:ﬁ‘k_ sp 019 018 017 i 1_: 04
Hess Min. 0 0.1 0.l 0.5 [1]
Max. 0% 09 07 2 07
Median 0.45 04 0.3 075 [1]

N: ne of roots, SEx standard deviatson, Min: minimum, Max: maximum

Tahble 3: Assocsabion between healing and independent covariables. Linear Generalized Estimating Equation (GEE) models of simple
bhenary logistic regression analysis,

Category OR RN | p-value
Maximum root width 0.6 034 - 130 0.231
Minimum reot width 035 019 - 1.31 0.157
Peripheral dentin thickness 0. D0 —3.33 0121
Minimum dentin thickness 0.01 0.001 - 4.09 0.4
JAW Maxilla {ref) 1
Mandible 0% Q08 - 100 0932
Incisor 1
Canine 0.36 008 —9.35 (LB
T H Premolar 092 004 - 599 0933
Miolar 076 233-429 0.750

eV 0F; ** el ***p<0.001; OR: odds ratio; Cl: confidence interval; ref: reference
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MINIMUM DENTIN = THICKNESS

henbed momhealed
Fig. 4: Bax plot. Relationship between maninum dentin wall theck-
mess and bealing,

Discussion

The present study analyzed root width and dentin wall
thickness at root resection level after periapical surgery
wsing CBCT and endoscopic images. The maximoam and
minimum root widths, and the peripheral and minimum
dentin thickness values were analyzed and correlated to
the periapical surgery outcomes. Radiographic healing
of the lesion was evaluated by CBCT after one year of
follow-up. Cone-beam computed tomography has been
shown tor be the most precise radiographic technigue for
disgnosing and assessing the size of periapical lesions
{200, Use was made of the modified PENN 3D criteria,
as these are the most current radiographic healing crite-
ria in periapical surgery (18).

It has been reported in the literature that apicoectomy
should be performed 3 mm from the apex, and that the
subsequent retrograde cavity should be 3 mm in depth
{11). However, to date it has not been established wheth-
er a minimum root width must be maintained in order to
ensure stable retrograde filling. Likewise, it is not clear
whether the dentinal wall thickness after retrograde fill-
ing jclearly determined by the available root surface)
influences healing.

In the present study no statistically significant as-
sociation was observed between the diameter of the
root surface and the lesion healing rate at one year.
In concordance with von Arx er al. (15), we likewise
observed no significant association between periph-
eral dentin thickness and the lesion healing rate. How-
ever, an additional measurement was made on the
narrowest zone of the dentin wall, referred to as the
minimum dentin thickness — a concept not clinically
evaluated to date.
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In 1998, Lin er al. (21) carried out an in vitro study on
extracted human maxillary molars following endodon-
tic treatment, apicoectomy and preparation of the retro-
grade cavity, and found the minimum dentin thickness
to be 0.42 mm.

In 2008, Roy er af. (22) analyzed the dentin thickness in
30 anterior teeth (incisors and canines) and found that
none of the central incisors had 2 mm of peripheral den-
tin thickness after performing apicoectomy at 3 mm,
and none of the canines had 2 mm of dentin even after
performing apicoectomy at & mm. Based on these re-
sults, the authors concluded that the recommendation to
maintain 2 mm of dentin around the retrograde cavity
was not realistic, and they proposed the preservation of
approximately 1 mm of dentin thickness.

In the present study, the roots that healed correctly pre-
sented a minimum dentin thickness of less than 1| mm.
Consequently, it would not be necessary to perform api-
coectomy at the root level required to ensure the men-
tioned 2 mm of peripheral dentin; this would allow us to
maintain the maximum possible length of root and thus
ensure better bone support of the tooth. Nevertheless,
we did observe a tendency towards statistical signifi-
cance for minimum dentin thickness in relation to the
lesion healing rate. In effect, the box plot showed that
the roots that failed to heal presented minimum den-
tinal thickness values lower than those of the roots that
healed correctly (Fig. 41

In addition, seme in vitro studies have shown that the
presence of narrow dentin walls may favor the forma-
tion of dentin cracks (23-25). Mevertheless, there 15 con-
siderable controversy regarding these cracks, becanse
other publications have reported no such relationship
{26-29). The association between dentin thickness and
the formation of dentin cracks remains unclear, and fur-
ther research is required in this respect.

- Study limitations

The present study involves a retrospective design. More
long-term studies are needed, expanding the sample
size, since with the high success rates currently afford-
ed by periapical surgery, a sufficiently large sample of
cases with fuled outcomes 15 required in order to as-
sess the relationship between dentin wall thickness and
treatment success or failure, and to be able to generalize
the results obtained.

Conclusions

The analysis of root surface diameter and dentin wall
thickness around the retrograde filling in teeth sub-
jected to periapical surgery showed no minimum dentin
thickness values of = | mm in any of the cases included
in the study. Root width and dentin wall thickness did
not significantly influence healing. However, the roots
that failed to heal showed smaller minimum dentin
thickness values than the roots that healed correctly.
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Introduction. The present clinical case describes periapical microsurgery with an endoscope and microscope in a patient already
treated 25 years ago due to persistent periapical disease of the two central upper incisors, restored with poorly adapted crowns.
Clinical Case. The first periapical surgery had been performed with silver amalgam as a retrograde filler material, causing
grayish staining of the buccal mucosa. Periapical surgery was performed raising a submarginal flap with ostectomy and
apicoectomy, retrograde cavity preparation with ultrasound tips, and filling with mineral trioxide aggregate (MTA). After soft
tissue healing and complete bane regeneration of the lesion, retreatment of the incisors with a fixed prosthesis was carried out,
adopting the biologically oriented preparation technique (BOFT). Conclusions. The described periapical microsurgery approach
with magnification and illumination of the surgical ficld was found to be effective, avoiding the need to extract the two central
upper incisors.

1. Introduction eral trioxide aggregate (MTA) [2]. The properties of these
newer materials have been studied in order to determine which
is the best option for use in periapical surgery. In this regard,
MTA has been shown to be the most stable material over the

Important advances have been made in periapical surgery,
including the introduction of surgical field llumination and

magnification with a microscope or endoscope and the use of
high-quality filler materials. The aim of retrograde filling is to
secure good sealing of the cavity and the accessory canals and
dentinal tubules—avoiding bacterial microleakage in order to
ensure success of the surgical technique [1]. In the period
between 1940 and 2000, silver amalgam was the most widely
used retrograde filler material. However, since the year 2000,
different alternative materials have been introduced, such as
glass ionomers, zinc oxide-eugenol cements, and gold or min-

long term, minimizing leakage, with lesser inflammation of
the periapical tissues and with a higher treatment success rate
than the rest of the materials [3-8]. The development of ultra-
sound tips for retrograde cavity preparation, together with the
incorporation of microsurgery (field amplification with an
endoscope and illumination and magnification with a micro-
scope), has allowed periapical surgery to become a predictable
solution for the management of persistent chronic periapical
periodontitis, with a success rate of approximately 92% [2].
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In the event of persistent chronic periapical periodontitis
affecting an incisor already previously subjected to periapical
surgery that has failed, a possible solution is to remove the
tooth and place a dental implant—though this involves more
aggressive surgery, with greater morbidity and higher costs
for the patient.

Endodontic microsurgery with the use of new filler mate-
rials, ultrasound tips, and magnification techniques [9] has
increased the treatment success rates. We thus decided to
perform periapical microsurgery with an endoscope and
microscope in a patient already treated 25 years ago with
silver amalgam cavity filling due to persistent periapical
disease of the two central upper incisors. Qur approach
avoided removal of the incisors, and retreatment of the
incisors was completed with a fixed prosthesis, adopting the
biologically oriented preparation technique (BOPT).

2. Case Presentation

A 54-year-old woman who had undergone periapical surgery
25 years ago to solve persistent chronic periapical periodon-
titis of the two central upper incisors reported with discom-
fort in the periapical zones of the mentioned teeth. The
intraoral exploration revealed reddening and inflammation
at the buccal level of 1.1 and 2.1 and of the interdental papilla,
as well as grayish buccal and apical staining of the central
incisors, caused by the presence of the silver amalgam filler
material (Figure 1). The periapical radiographs revealed
radiolucencies around the apexes of 1.1 and 2.1 (Figure 2).
Cone beam computed tomography (CBCT) (Planmeca®,
Helsinki, Finland) evidenced bone destruction at 1.1
(Figure 3) and 2.1, with the involvement also of the buccal
cortical layer of 2.1 (Figure 4).

Periapical surgery of the affected teeth was carried out.
Infiltration anesthesia was performed in the vestibular depth
of both teeth using two carpules of 4% articaine with
epinephrine 1:100,000 (Inibsa®, Llica de Vall, Spain).
Magnification was provided by an EXTARO 300 dental
microscope (Zeiss®*, Oberkochen, Germany). A number
15C scalpel was used to perform a horizontal submarginal
incision (Figure 5) at 3-4 mm from the gingival margin, with
vertical releasing incisions distal to 1.2 and 2.2 and the raising
of a full-thickness mucoperiosteal flap (Figure 6).

An ostectomy was performed for full visualization of the
lesion, using a 6-blade tungsten carbide drill mounted in a
handpiece with abundant sterile saline irrigation. The peria-
pical inflammatory tissue was removed for posterior histo-
pathological study (Figure 7), and inspection of the roots of
1.1 (Figure 8) and 2.1 (Figure 9) was made using a rigid endo-
scope (Karl Storz®, Tuttlingen, Germany), with the applica-
tion of methylene blue dye to the zone in order to discard
possible root fractures. The silver amalgam was removed
from the retrograde cavities using ultrasound tips (Piezo-
med®, W&H, Biirmoos, Austria) (Figure 10).

The endoscope was used to check that the retrograde
cavities of 1.1 (Figure 11) and 2.1 (Figure 12) were well pre-
pared and clean. Bleeding was controlled with dressing
impregnated with epinephrine, and the retrograde cavities
of both teeth were filled with MTA (ProRoot®, Dentsply,
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Figure 1: Preoperative clinical view. Note the reddening and
inflammation at the buccal level of 1.1 and 2.1 and of the
interdental papilla, as well as grayish buccal and apical staining of
the central incisors, caused by the presence of the silver amalgam
filler material.

Fiaune 2: Preoperative periapical radiograph showing a radiolucent
image around the root of 1.1 and a larger radiolucency around 2.1.

Figure 3: Preoperative sagittal CBCT view showing destruction of
the buccal cortical layer of 2.1.

York, USA) (Figure 13). Once the filler material had set, the
endoscope was used to confirm correct completion of the
retrograde filling of 1.1 (Figure 14) and 2.1 (Figure 15).
Regeneration of the bone defect was secured with beta-
tricalcium phosphate particles (KeraOs-Keramat®, Santiago
de Compostela, Spain) (Figure 16}, and suturing was carried
out with a non-reabsorbable 4/0 multifilament suture
(Tevdek®, Teleflex®, Wayne, USA) (Figure 17).
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Ficure  4:  Preoperative three-dimensional  radiographic
reconstruction showing destruction of the buccal cortical layer of 2.1

Figure 5: Submarginal incision.

Figuge 6: Raising of the full-thickness mucoperiosteal flap.

Amoxicillin 500mg (Laboratorios Normon, Paterna,
Spain) every 8 hours during 6 days was prescribed, along with
ibuprofen 600mg (Laboratorios Normon, Paterna, Spain)
every 8 hours during three days and 0.12% chlorhexidine
rinses (Perio Aid, Dentaid, Barcelona, Spain) every 8 hours
during 7 days. The sutures were removed after one week
(Figure 18). The histopathological study showed the presence
of generally dense fibrocellular connective tissue fragments
with chronic inflammatory foci.

Clinical evaluation one month after surgery showed no
suture dehiscences (Figure 19), and the periapical
radiographic study confirmed correct retrograde filling
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Figune 7: Ostectomy and curettage of the persapical lesions of 1.1
and 2.1.

Figunre 8: Endoscopic view of 1.1 before removal of the old filler
material.

Fioune 9: Endoscopic view of 2.1 before removal of the old filler
material.

Figure 10: Qlinical view of the removal of the old filler material of
1.1 and 2.1.
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Ficunre 11: Endoscopic view of 1.1 after removal of the old filler Figure 15: Endoscopic view of 2.1 after filling of the retrograde
material and checking of retrograde cavity integrity. cavity with MTA.

Ficune 12: Endoscopic view of 2.1 after removal of the old filler
material and checking of retrograde cavity integrity.

Figune 17: Flap suture with a noa-reabsorbable 4/0 multifilament
suture.

Fioure 13: Clinical view of filling with MTA of the retrograde
cavities of 1.1 and 2.1.

FiGgure 18: View after 7 days, before suture removal.

Ficune 14: Endoscopic view of L1 after filling of the retrograde (Figure 20). After 6 months, clinical improvement of the soft
cavity with MTA. tissues was evidenced (Figure 21), with adequate progression
' of bone healing of the defect on the periapical radiographs
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Frioune 19: Clinical view one month after surgery: no suture
dehiscence was noted.

Fioune 20: Periapical radiograph one month after surgery: correct
retrograde cavity preparation is observed.

Figure 21: Clinical vlew 6 months after surgery, showing
improvement of the soft tissues.

(Figure 22). After one year, correct soft tissue healing was
confirmed (Figure 23), with complete bone regeneration in
the radiographic study and no radiolucencies (Figure 24).
The patient was informed of the advisability of replacing
the crowns of 1.1 and 2.1 because of marginal misadjustment
and the associated negative aesthetic impact. Three years
later, the patient accepted Sthe proposed treatment. The old
crowns were replaced with new ones, and the biologically ori-
ented preparation technique (BOPT) was used, eliminating
the finishing line in both the frontal view (Figure 25) and
occlusal view (Figure 26). Provisional crowns were placed
during four weeks to stabilize the gingival tissue surrounding
the teeth (Figure 27). The definitive crowns were made of
monolithic zirconia with stratified feldspathic porcelain on
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Figune 22: Periapical radiograph 6 months after surgery: correct
progression of bone healing of the defect is observed.

Fraune 23: Clinical view one year after surgery: note the correct soft
tissue healing.

Figune 24: Perfapical radiograph one year after surgery, showing
complete bone regeneration of 1.1 and 2.1.

Froune 25: Frontal view of the stump of 1.1 and 2.1 based on the
BOPT approach.
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Ficure 26: Occlusal view of the stump of 1.1 and 2.1 based on the
BOPT approach.

Figune 27: Fitting of the provisional crowns during four weeks to
stabilize the surrounding gingival tissues.

Froure 28: The definitive crowns made of monolithic zirconia with

stratified feldspathic porcelain on the buccal aspect.

the buccal aspect (Figure 28), cemented with resin (RelyX
Unicem, 3M¥#, Saint Paul, USA). Good periodontal health
(Figure 29) and anterior aesthetic outcomes were achieved
(Figure 30).

3. Discussion

In the present clinical case, periapical surgery was performed
on two central upper incisors with persistent chronic periapi-
cal periodontitis that had already been subjected to periapical
surgery 25 years ago, though without using the current mag-
nification techniques. Over the years, conventional periapical
surgery has evolved towards apical microsurgery, based on
magnification and illumination of the surgical field with the
endoscope and microscope [9-13]. The endoscope offers
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Ficuge 29: Clinical view after cementing the definitive crowns.

Figunre 30: Extraoral view of smile after cementing the definitive
crowns.

the surgeon excellent visibility [11], with an easier learning
curve than the microscope, and both instruments afford a
similar success rate [12]. The microscopic field is fixed, how-
ever, and the objective cannot be adjusted from different
angles. Furthermore, in most cases, a mirror is needed for
indirect visualization. In contrast, the endoscope offers easy
adjustment, allowing visualization from different angles and
providing direct images [13]. Endoscopy is therefore a versa-
tile, rapid, and convenient magnification tool [12].

In addition to the introduction of ultrasound tips for
retrograde cavity preparation [14], many materials have been
used to secure correct cavity sealing, such as silver amalgam,
zinc oxide-eugenol cements (IRM, Super-EBA), MTA, poly-
carboxylate cement (Durelon), or composites with dental
adhesives (RetroPlast), among others.

At present, MTA is the most widely used material and
with the strongest supporting evidence in the literature. A
number of randomized clinical trials have compared MTA
with other retrograde filler materials. Three such studies
involving very low risk of bias [15-17] have reported success
rates of 85-94.3% with the use of MTA. A meta-analysis
published by Von Arx et al. [18] and a systematic review by
Serrano-Giménez et al. [19] have defined MTA as the material
of choice for retrograde cavity sealing in periapical surgery.

With regard to prosthetic rehabilitation, we chose the
BOPT approach, involving elimination of the preexisting
finishing line in the tooth stump, and rotary curettage of
the gingival sulcus was performed using a diamond drill
[20]—since a number of studies have evidenced improved
periodontal tissue conditions of the teeth treated with this
technique [21, 22].



Case Reports in Dentistry

4. Conclusions

In the reported patient with failed periapical surgical treat-
ment of persistent chronic periapical periodontitis using the
classical technique, the described periapical microsurgery
approach with magnification and illumination of the surgical
ficld was found to be effective, avoiding the need to extract
the two central upper incisors.
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Abstract

Background: A systematic review of clinical studies with at least one year of follow-up was done to assess the suc-
cess rate of endodontic surgery including endoscopy for magnification and illumination.

Material and Methods: Five clectronic databases were searched, including MEDLINE (via PubMed), Embase,
Web of Science, Scopus and the Cochrane Library of the Cochrane Collabora-tion (CENTRAL). There were no
language restrictions, and the search covered the period up to October 2019. The risk of bias was evaluated with
the Cochrane Collaboration tool for randomized clinical tnals and the ROBINS-I tool for non-randomized studies
of inter-ventions.

Results: From the 278 initially identified titles, finally 2 randomized controlled trials and 3 non-randomized stu-
dies met the inclusion criteria. All the included studies analyzed the success rate of endodontic surgery performed
with the help of endoscope for magnifica-tion and illumination. The risk of bias was high for allocation sequence
concealment and blinding of participants and personnel in the randomized controlled trials. The nonran-domized
studies showed limitations in terms of confounding bias and blinding of outcome assessment. Endodontic surgery
with the help of an endoscope 1s associated with high success rates (88.9-94.9%).

Conclusions: The endoscope was associated with high success rates of endodontic sur-gery in the included studies.
Future studies on this topic are warranted, due to the meth-odological issues and the scarce number of randomized
clinical tnals.

Key words: Endodontic surgery, magnification, endoscope, success.
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Introduction

Microsugery s defined as a surgical procedure on excep-
tionally small and complex structures. Microsurgery starts
with a magnification of at least eight. That can be achieved
with a dental operating microscope or endoscope (1)

The use of endoscope has brought many advantages to
endodontic surgery, including a smaller ostectomy size
or the reduction of the resection angle at the tp of the
root to reduce the number of exposed tubules in the api-
cal zone (2.3).

Higher magmfication and illumination are also very fa-
vorable for examining the resected root surface while
methylen blue dye 15 used for both, staining the perio-
dontal ligament to ensure complete resection of the root,
and looking for cracks, isthmuses and extra canals (4).
The introduction of microsurgical instruments and ultra-
sonic fips has been shown to improve the outcomes of
endodontic surgery in comparison with the traditional
technigue (5-7). Preparation of the retrograde cavities is
casier, safer and more precise than when conventional
handpieces are used (5).

Although microscopes and loupes provide the illumina-
tion needed for endodontic surgery, adherence to a strict
endodontic surgical protocol is suggested to attain high
suc-cess rates (5). There has been growing interest in
endoscopy as an alternative method for adequate illumi-
nation and magnification in endodontic surgery, since it
provides correct visibility and 15 easier to use than other
devices (2,6,7).

The endoscope could also be used to check the quality of
root-end filling and detect dentinal cracks after root-end
resection (8-10).

Thus, the present systematic review of clinical studies
involving a follow-up peniod of at least one vear was ca-
rriead out to assess the success rate of endodontic surgery
performed with the help of endoscopy for magnification

and illumination.

Material and Methods

The systematic review was carmied out based on the prin-
ciples of the Transparent Reporting of Svstematic Re-
views and Meta-Analyses - PRISMA Statement (11) and
AM-5TAR-2 gudelines (12).

-Focus question

The research guestion was established based on the
adaptation of structured PICO question, in this case
applying a PICOY (population, intervention, outcome). The
question format was as follows:

“What 15 the success rate of endodoatic surgery inclu-
ding an endoscope™

P{population): Patients requinng endodontic surgery.

I {intervention): Endodontic surgery using an endoscope
for magnification and illumina-tion.

O (outcome): Success rate after follow-up of at least one
year.
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-Search strategy

Five electronic databases were scarched: MEDLINE
(via PubMed), Embase, Web of Science, Scopus and
the Cochrane Library of the Cochrane Collaboration
(CENTRAL). There were no language restrictions, and
the search covered the peniod up to October 2019, The
search strategy included a combination of the controlled
terms (MeSH and EMTREE), and key words were used
whenever possible in order to secure the best search re-
sults. In addition, a manual search was conducted of the
main topics related to the principal question, and the re-
ference lists of the finally included articles were consul-
ted to find other potentially eligible studies according to
Greenhalgh and Peacock (13). Further-more, the Really
Simple Syndication (RS5) feed resource from PubMed,
wis used to detect potential eligible titles fitting to the
search strategy.

The following search strategy was used in Medline via
Pubmed: (“Apicoectomy™(Mesh) OR peniapical surgery
OR apicosctomy OR apicectomy OR periradicular sur-
gery OR root-end surgery OR root-end filling OR en-
dodontic surgery OR surgical endodontic treatment OR
endodontic microsurgery OR retro-grade filling OR re-
tro-grade surgery OR apical microsurgery) AND (“En-
doscopes”{Mesh) OR endoscope OR endoscopy OR
endoscopic OR dental endoscope) AND (outcome OR
treatment outcome OR healing OR suecess OR success
ratio R complications). The search strategies fitted to
different data-bases are provided in the supplementary
material (Appendix-51).

-Inclusion and exclusion critenia

The articles were included in the systematic review if
they complied with the following critena: randomized
clinical trial (RCT), non-randomized study (MRS) in
humans, assessing the impact of endoscopy used for
magnification and illumination upon the success of en-
dodontic surgery, with a minimum follow-up period of
12 months, and providing information related to the suc-
cess of the surgical procedure. Case reports, literature
reviews, expert opinions, @ vigre or nonclinical studies
were excluded from the systematic review.

-Screening and selection of papers

Two independent reviewers (APS, PGS) performed the
literature and manual searches, the same reviewers ex-
tracted the data from the publications (APS, PGS). Stu-
dies failing to meet the inclusion cnteria were excluded.
In the event of disagreement, consensus was reached
through discussion with a third reviewer (MPD).

-Risk of bias in individual studies

Two independent reviewers (APS and PGS) evaluated
all included articles. The methodo-logical quality of the
studies was evaluated using the Cochrane Collaboration
tool to as-sess the nsk of bas for randomized clinical
trials, while the ROBINS-I (Risk of Bias In Mon-ran-
domized Studies of Interventions) tool was used for
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non-randomized studies (14). For each aspect of the
quality assessment, the nsk of emmor was based on the
recommendations of the Cochrane Handbook for Syste-
matic Reviews of Interventions 5.1.0 (http:/‘handbook.
cochrane.org). The criteria for each entry were: “yes”
(= low risk of bias), “no” (= high nisk of bias) or “un-
certmin” {due to lack of information or uncertainty re-
garding the potential of bias). A study was considered
to have “low™ risk of bias in the presence of an adequa-
te sequence of generation, allocation concealment and
blinding (patients and personnel). If one or more critena
were not met, the study was considered to have “high”
risk of bias. Disagreements between reviewers were sol-
ved by discussion with a third advisor (DSP). The level
of reviewer’s agreement was assessed by Kappa values,
and interpreted using the Landis and Koch scale (15).
-Summary of measures and synthesis of resulis

The data were entered in an Excel spreadsheet (Micro-
soft Corporation, Redmond, WA, USA). The following
information was compiled, seeking comparability be-
tween studies: authors and vear, sample sixe, magnifi-
cation approgch, follow-up in months, root-end prepa-
ration instruments, root-end filling matenial, success rate
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et al. (16,17). Complete healing, incomplete healing,
uncertain healing, or unsatisfactory outcome. Signs and
symptoms were also recorded and classified as clinical
success, clinically questionable, and clinical failure.

Results

-Study selection

A total of 278 articles were found by the inibal search.
After duplicates removal, 224 papers were screened by
title and abstract and 7 were identified as potentially eli-
gible for inclusion. These 7 articles underwent full-text
assessment. From these studies, 2 studies were excluded
(1%,19) (Table 1) and 5 articles were found o meet the
inclusion criteria and were finally included in the syste-
matic review (Fig. 1).

-Study charactenstics

We finally included two randomized climical tnals

Table 1- Reasons for studies to be excluded from this systemabic nes
wiew, with reasons.

AuthorYear

Reasons

von Arx ef all Study did not evaleate the outcorme of

and study design. (18) 2017 root-end surgery
—Definition of success critenia: The included studies as- Taschien e al. | Siudy did not evaluaie the owtcome of
sessed the healing according to the criteria by Molven (19) 2006 root-end surgery
— Eecardt identified theough dstabhes
searching: PubMed [84), Embase
485], Cochranst Library (101, Wab-of Additional reconds identified
Sdence [117], Scopus (2). through othér ssurces
{n =278} in=0}
— Recards after duplicates remoswed
[ =224]
H
E EBeconds exchaded by title
Recards screened polmih
e 2
i. Full-test srticles grseswad Full-text articles excluded,
= for aligibiity wtih roaeonG
% {n=F1 in=H
Shudies included in
qualEative syrthesi
i In=5]

Fig. 1: PRISMA fowchart of the selection of studses.
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(RCTs) and three prospective case series (2,5-7.20).
Mo retrospective climcal studies were identified. The
retrograde  obturation material mcluded mnc-cugenol
EBA-renforced cement (SuperEBA) in all included stu-
dies. The RCT published by Taschien er al. compared
endoscopy versus a control group in which surgical lou-
pes were used (5). In contrast, the RCT by Taschien er
al. used light microscopy for endodontic surgery in the
control group (6), and the prospective trial published by
von Arx ef al. wsed no magnifying device in the control
group (20). In the study carried out by von Arx et af. | the
success rate in the endos-copy group was 88.9% versus
only 75.4% in the control group (no magnification de-
vice). Nevertheless, the differences between the groups
failed to reach statistical significance (20).

The RCT published by Taschier et al. {compared endo-
dontic surgery with an endoscope versus a control group
in which loupes were used. Although the differences
between the groups failed to reach statistical significan-
ce, the success rate was higher in the endoscopy group
(94.9%) than in the control group (90.6%). The authors
reported that surgery took longer to be completed with
the endoscope than with the loupes (5).

In another RCT, Taschien ef al. compared endoscopy
versus a control group in which a microscope was used
for magnification and illumination. Both endoscopy and
microscopy yielded high success rates (90% and 92%,
respectively) (). The characteristics of the five studies in-
cluded in the systematic review are described in Table 2.

The mse of the endmeope in endodinilic surgery

-Risk of bias across studies

Allocation concealment was not clearly described
RCTs. The second least reported item was blinding of
the patients (Fig. 2). The methodological quality of the
three nonrandom-ized studies was evaluated using the
ROBINS-I tool {14), which found all three to have mo-
derate nisk of bias. The inter-reviewer agreement was
almost perfect (k=0,87). The judgement reasons during
methodological appraisal is provided in descriptive man-
ner in the supplementary matenal (Appendix 54-55).

Discussion

The main objective of this systematic review was o as-
sess the success rate of endodontic surgery performed
with the help of endoscopy for magnification and 1llu-
mination, over a follow-up period of at least one year.
We included two RCTs with high risk of bias related to
allocation concealment and the blinding of participants,
nevertheless, there 15 evidence that surgical studies
are difficult to blind, and three NES with high risk of
confounding bias, since the statistical analysis in these
studies failed to control for relevant confounders (eg.
patient age and gender). The use of an endoscope was
associated with a high success rate in endodontic sur-
gery (B8.9-94.9%). In the endodontic literature, in vi-
tro studies showed that magnification devices, such as
the microscope or the endoscope, allow the identifica-
tion of microstructures not visible with the naked eve
(10,2122, An experimental study by von Amc er al

Table I: Descriptove summary of the studies included m this systemabic review.

Authar M {MF) | Age, mean | Magnification | Follow-up Root-end Rooat- utcemes
+ 5D approach imonths) | preparatiom end .
M/F) filling Success | Fuilure | Heporied Sindy
SUCTEES i
ign
rates (%)
vonArx of Emdiscope: 54 12 LiNrasansc Super 48 & BEG
al. 2003 EBRA MRS
(20) Control: £1 12 Ubmsanic | Super a6 15 754
{without) EBA
Taschien M:9 M 2 Endiscope: 28 1z Lilrasansc Super 26 2 9r9
efal 2007 | F1Z F: 437 EBRA MRS
5 Cantrod: -
Taschiem | M:I5F M 4] Emdiscope: 3% 12 LiNrasansc Super 7 2 949
el al. 2006 i F:+38 ERA RCT
5] Caontrol: 32 12 Uhmasanic | Super ET 3 a0
iNaked eye) EBA
Taschiem | M:32F: | M: 437 Emduscope: 41 24 LiNrasansc Super 7 4 W
ef al. 2008 i F:e-d3 ERA RCT
) Caontrod: 59 24 Lilrasansc Super i 5 92
{muicroscope) EBA
Taschiem | M:14F: | M:+37 Emdiscope: 43 24 LiNrasansc Super ki 4 0.y
ef al. 2009 n F:e-d3 ERA NRS
T Cantrod: -
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4, Blinding outcome asessment

5. imcomplete scutcome date

6. Selective reparting

7. Ctiver sources of biss

mlow mHgh

Theuss of ihe cadescope in endedentic sunpay

Cochrane Risk of Bias by Domain as percentage

5% 50% T5% 10T

Uinclear

B ROBIMNS-I tool Summary of risk of bias among included
studies

1. Bias due to canfounding
2. Bigs in selection of participants into the study
1. Bias in classification of interventions
4, Blz dus to devations from intended..
5. Bise due 1o missing dets
E. Bias in measurement of outcames

7. Bias in selection of the reported results

0%

25% S0 TE

Wlow - Moderate B Serious
Fig. 2: Summary of rek of bias as percentage per vaniable. (A) Randomized controlled trials. (B) Non-

randomized studies.

reported that the endoscope accurately identified mi-
crostructures following root-end resection and root-end
preparation. The endoscope could be considered for use
during intracperative diagnostics in endodontic surgery
(22). The same author demonstrated in a clinical study
about endodontic surgery with an intraoperative endos-
copic examination of first permanent molars a high fre-
quency of canal isthmuses at the apex resection level.
Endoscopic mspection also demonstrated that none of
the isthmuses were filled, emphasizing the difficulty of
orthograde instrumentation and root filling of canal isth-
muses (23). This latter aspect is of utmost importance,
because of the limited field of view and difficult hand-
ling of the endodontic microscope in posterior zones.

von Amx er afl compared the microscopy and endoscopy
with scanning electron microscopy, and the endoscopy x64
proved the most sccurate visual aid for the wdentification of
dentinal cracks after root-end resection in extracted human
teeth; however, it also provided the most false identifica-
tions (10). Setzer er al. published a meta-analysis in 2001
comparing the surgical technigue of endodontic surgery
with the use of higher magnification devices (microscope
or endoscope) and the techmigue without magnification or

154

using only loupes. Although the study did not differentiate
between microscope or endoscope, they reported that the
probubility of success with higher magnification devices
proved to be significantly greater (24). Although the studies
using endoscopy for endodontic surgery reported high suc-
cess rates, further mndomized controlled trals are needed
in order to confirm these findings.

Mote to mention, that success rates in endodontic pro-
cedures not only laid on the augmentation devices used,
but also on the patient charactenstics (eg. systemic
condition, gender, age), tooth features and position (e.g.
antenior zone, multirooted tooth) (25). Thus, an accura-
te diagnosis is needed for a favourable prognosis and
hinges to a careful patient selection (25 26).

Regarding the advantages of this approach, the field
depth perception of the operator using an endoscope is
guite similar to that with the naked eve — a fact that fa-
cilitates the use of the device (2,7). On the other hand,
the field depth cannot be adjusted to the objective from
different angles, in most cases a mirror must be used for
indirect vision, while the endoscope allows easy adjust-
ment, with observation from different angles, and provi-
des direct images (7).
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A report from von Arx et al. described better surgical
outcomes (though without reaching statistical signi-
ficance) with the endoscope than when micromirrors
without magnifying devices were used (20). The endos-
cope also allows us to see behind the roots in an envi-
ronment with good illumination. In comparison, mowve-
ments of patient’s head are a limiting factor when using
a microscope (6). The endoscope is versatile, rapid and
comfortable to use (6). Adjusiment to focus and zoom
can be done with a single hand and is both rapid and
convenient (7). In the case of the microscope, any mo-
vement of the latter or of the patient will canse the sur-
gical field to move off-center when the magnifica-tion is
increased (6). Mevertheless, the use of nigid endoscope
should be a complementary device, and should not re-
place the microscope m endodontic microsurgery.
-Limitations of the present review

A limitation of our systematic review 15 the relative
lack of studies companng endodontic surgery assisted
by endoscopy versus endodontic surgery without mag-
nification or using other magnification devices. With
regard to the methodological limitations, shortcomings
were observed related to confounding bins and blindimg
of outcome assessment in the MRS design. In the case
of the RCTs, allocation concealment and the blindimg
of participants and personnel showed high nsk of bias.
However, there is evidence that surgical studies are di-
fhicult to blind.

- Recommendations for future investigations

A number of recommendations can be made based on
the findings of this systematic review. Future studies
should seek 1o compare endodontic surgery assisted by
endoscopy versus groups im which other magnifying
devices are used, such as microscopes and loupes, with
the objective of assessing vanations among the diffe-
rent magnification and illumination strategies. Further-
more, a sufficiently large sample size is required, with
follow-up periods long enough to allow the drowing
of clear conclusions. It would also be interesting to de-
sign controlled studies involving endodontic surgery in
which the microscope is compared with a group where
both the microscope and endoscope are jomtly wsed, as
well as endodontic surgery in which surgical loupes are
compared with a group where both surgical loupes and
the endoscope are jointly wsed, but emending the me-
thod-ological issues detected in the body of evidence on
this topic.

Conclusions

In conclusion, the use of an endoscope allows comect
magnification and illumination to perform endodontic
surgery and is associated with high success mtes. Future
studics on this topic are warranted, due to the metho-
dological issues and the scarce number of andomized
climical trials.
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