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RESUMO

A reintervencdo endodbntica em dentes irradiados possui poucas
evidéncias cientificas e faltam protocolos clinicos para pacientes oncolégicos
que passaram pela radioterapia de cabeca e pescogo. O objetivo deste estudo
in vitro foi investigar o efeito da radioterapia na quantidade de material obturador
remanescente aderido as paredes do canal radicular apds reintervengao
endodéntica, em fungdo do momento em que o tratamento endoddntico foi
realizado (pré e pos-radiagéo) e da dosagem de radiagéo recebida. Sessenta
pré-molares inferiores humanos unirradiculares foram distribuidos em 5 grupos
(n = 12), de acordo com o tempo e dosagem de radiagao (55 Gy ou 70 Gy):
NegativoGC (grupo controle negativo) - dentes nao irradiados; Endo-pre-RTss -
obturagdo do canal radicular antes da irradiacdo (55 Gy); Endo-pre-RT7o -
obturagdo do canal radicular antes da irradiacdo (70 Gy); Endo-post-RTss -
obturagado do canal radicular e reintervengao ap6s irradiacéao (55 Gy); e Endo-
post-RT7o - obturagédo do canal radicular e reintervencao apos irradiagao (70 Gy).
As raizes foram clivadas em hemissecc¢des e analisadas em estereomicroscopio
e Microscoépio Eletrdnico de Varredura (MEV) para quantificar (%) o material
obturador remanescente. As comparagdes intergrupos e intragrupos foram
realizadas pelo teste ANOVA de um fator, e teste post hoc de Tukey (a = 0,05).
Os grupos experimentais apresentaram uma quantidade significativamente
maior (P < 0,05) de material obturador remanescente nos tercos médio e apical
do que o grupo controle, com excegdo de Endo-pré-RT> no tergo médio (P <
0,0001). Em todos os grupos, o tergo apical apresentou maior quantidade de
material obturador remanescente (P < 0,05) aderido as paredes do canal
radicular. A radioterapia, antes e depois do tratamento endoddntico primario,
aumentou a quantidade de material obturador remanescente aderido as paredes
do canal radicular apds a reintervencao endodéntica, independentemente da
dose de radiacdo aplicada. Sendo assim, pode ocorrer maior dificuldade na
remogao de material obturador durante a reintervengcao endoddntica em dentes

irradiados.

Palavras-chave: Radioterapia; Dentina irradiada; Reintervencao endodéntica;

Material obturador.
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1. INTRODUGAO E CONTEXTUALIZAGAO

De acordo com a Organizagao Mundial da Saude (OMS), dois ter¢os dos
pacientes oncoldgicos serao submetidos a radioterapia durante seu tratamento
(WHO, 2008). A radiacao ionizante produzida durante a radioterapia causa
quebra do DNA celular, interrompendo sua duplicagcdo (RAY-CHAUDHURI;
SHAH; PORTER, 2013). Entretanto, a radiagdo ndo atinge apenas os tecidos
neoplasicos (RAY-CHAUDHURI; SHAH; PORTER, 2013). Uma grande area
adjacente ao tumor também ¢é irradiada, afetando tecidos sadios (RAY-
CHAUDHURI; SHAH; PORTER, 2013). Desta forma, a radioterapia em
pacientes portadores de cancer de cabega e pescogo (CCP) compromete a
integridade dos tecidos da cavidade oral (MARTA et al., 2014), em especial,
mandibula, maxila e dentes (CAMPI et al., 2019; RODRIGUES et al., 2018;
VELO et al., 2018).

Estudos recentes demonstraram que a radioterapia nestes pacientes
afeta a adesao de biomateriais ao esmalte e dentina (BODRUMLU et al., 2009;
BODRUMLU; BODRUMLU, 2018; MARTINS et al., 2016; PALMIER et al., 2022;
RODRIGUES et al., 2018; YAMIN et al., 2018). Devido ao seu alto conteudo
organico e solubilidade (HOPPENBROUWERS; DRIESSENS; BORGGREVEN,
1987), a dentina € mais afetada pela radiagcao ionizante, com grandes alteragbes
em sua matriz colagena (DE BARROS DA CUNHA et al., 2017; GONCALVES et
al., 2014).

Estas alteragdes em tecidos altamente organicos ocorrem principalmente
devido a um fendbmeno chamado radidlise, que consiste na quebra das moléculas
de agua pela radiagdo ionizante, formando radicais livres e perdxido de
hidrogénio (COLE; SILVER, 1963). Na dentina radicular e intrarradicular é
possivel observar intensa desidratagao do substrato, colapso da rede de fibrilas
coladgenas (CAMPI et al., 2019), obliteracdo dos tubulos dentinarios e

microfissuras na dentina peri e intertubular (VELO et al., 2018).

Atualmente, os protocolos de radioterapia para o tratamento de CCP se
baseiam em doses totais de radiagdo que podem variar entre 55 Gy e 70 Gy, em
fragdes diarias de aproximadamente 2 Gy, por um periodo de 5 a 7 semanas, 5
dias por semana (JHAM; FREIRE, 2006). A Terapia de Radioterapia de
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Intensidade Modulada (IMRT) € o método mais utilizado, pois permite que o alvo
primario receba a quantidade total de radiacdo necessaria ao tratamento,
minimizando a concentragao de radiagao recebida pelos tecidos adjacentes (YU,
1995). Clinicamente, mesmo com o uso do método IMRT para o tratamento de
CCP, a exposicao dos tecidos dentarios localizados proximos a area alvo nao
pode ser evitada (LIESHOUT; BOTS, 2014; PARAHYBA et al., 2016).

E consenso na literatura que a periodontite apical persistente apds
tratamento endoddntico primario representa uma situagdo etiologica e
terapéutica mais complexa que a periodontite apical que atinge dentes que nao
foram submetidos a um tratamento endoddntico anterior (NAIR, 2006). A
periodontite apical pos-tratamento endodéntico é geralmente observada quando
o tratamento primario ndo seguiu padrdes aceitaveis de prevengéo e controle da
infeccdo do sistema de canais radiculares (SIQUEIRA et al.,, 2005). As
modalidades de tratamento nestes casos incluem a reintervengao endodéntica
nao-cirurgica, a cirurgia periapical ou a extracdo dentaria (KARAMIFAR;
TONDARI; SAGHIRI, 2020).

No entanto, em pacientes portadores de CCP em caso de falha do
tratamento endoddntico primario, o procedimento de reintervencado endoddntica
nao-cirurgica deve ser a primeira opgao de tratamento (RUDDLE, 2004),
devendo a cirurgia periapical e a extragado dentaria serem evitadas ao maximo
(RAY-CHAUDHURI; SHAH; PORTER, 2013). Pacientes portadores de CCP que
foram submetidos a radioterapia apresentam modificagdo no seu padrao de
vascularizacdo e reparo tecidual, e estdo altamente suscetiveis a
osteorradionecrose (ORN) (RAY-CHAUDHURI; SHAH; PORTER, 2013). A ORN
€ uma necrose isquémica Ossea causada pela radiacdo ionizante (JHAM;
FREIRE, 2006). E uma das mais graves consequéncias da radioterapia,
podendo ocorrer espontaneamente ou, mais comumente, apds algum trauma,
como cirurgias orais e extragdes dentarias (JHAM; FREIRE, 2006). Em 95% dos
casos, a ORN provoca necrose dos tecidos moles e subsequente exposicao
ossea, sendo de dificil tratamento e cicatrizacado (JHAM; FREIRE, 2006).

Assim sendo, o principal objetivo da reintervengdo endoddntica nao-
cirurgica é promover uma sanificacdo adequada do sistema de canais

radiculares, ndo atingidas no tratamento primario (CROZETA et al., 2016). A
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frequente presenca de material obturador remanescente (MOR), que pode
conter microrganismos e seus subprodutos, impede uma sanificagdo apropriada
do sistema de canais radiculares (SIQUEIRA JUNIOR et al., 2018). Desta forma,
0 uso de métodos complementares para otimizar a remog¢do de material
obturador é fundamental (MARTINS et al., 2017). Apesar de nenhuma técnica
ser capaz de remover completamente o material obturador durante a
reintervengao endodoéntica, a Irrigagao Ultrassénica Passiva (Passive Ultrasonic
Irrigation - PUI) tém apresentado excelentes resultados (CROZETA et al., 2020;
SILVEIRA et al., 2018).

No entanto, estudos que avaliem a reintervengado endodéntica nao-
cirurgica em dentes irradiados continuam desconhecidos. Grande parte dos
estudos existentes até o momento abordam apenas a interacdo entre dentina
intrarradicular irradiada e sistemas adesivos, cimentos resinosos, pinos de fibra
e a capacidade de selamento de cimentos obturadores (BODRUMLU et al., 2009;
RODRIGUES et al., 2018; MARTINS et al., 2016; YAMIN et al., 2018; PALMIER
et al.,, 2022). Todos os estudos citados realizaram a radiacdo dos tecidos
dentarios previamente ao protocolo de tratamento utilizado.

A escassez de dados que correlacionem os efeitos da radioterapia sobre
a interacdo entre material obturador e dentina intrarradicular de dentes que
necessitem reintervengao endodontica tornam a realizagao deste tipo de estudo
fundamental para o estabelecimento de protocolos clinicos baseados em

evidéncias cientificas.
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2. OBJETIVOS E HIPOTESE

2.1. Objetivo geral

Avaliar o efeito da radiacao ionizante na quantidade de material obturador
remanescente aderido as paredes do canal radicular apds reintervencao
endodéntica, em fungdo do momento em que o tratamento endodéntico foi

realizado (pré e pés-radiagcédo) e da dosagem de radiagao recebida.

2.2. Objetivos Especificos

2.2.1. Analisar quantitativamente em estereomicroscopio a quantidade de
material obturador remanescente apds reintervencdo endoddéntica em dentes
irradiados antes e apoés o tratamento endoddntico de acordo com a dose total de

radiacao utilizada (55 ou 70Gy).

2.2.2. Analisar qualitativamente em Microscopio Eletronico de Varredura o efeito
da radiagdo ionizante sobre o material obturador remanescente e a dentina
intrarradicular apds reintervencdo endodontica em dentes irradiados antes e
apos o tratamento endoddntico de acordo com a dose total de radiacao utilizada
(55 ou 70Gy).

2.3. Hipoteses

2.3.1. Hipdtese nula
A irradiagao cumulativa, antes ou apds o tratamento endoddntico primario,
nao influenciara na quantidade de material obturador remanescente aderido as

paredes do canal radicular apds a reintervengao endodéntica.

2.3.2. Hipodtese alternativa
A radioterapia afetaria a quantidade de material obturador remanescente
aderido as paredes do canal radicular? O momento e a dosagem da radioterapia

afetariam a quantidade de material obturador remanescente?
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3. ARTIGO CIENTIFICO

Este estudo foi preparado e escrito na forma de artigo cientifico de acordo
com as normas para submissao no periodico Journal of Endodontics (Qualis A1,

Fator de Impacto 4.171).
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Effect of the timing and dosage of radiation therapy on the filling material

removal during endodontic reintervention

ABSTRACT

Introduction: Endodontic reintervention in irradiated teeth is a scientific gap to
be bridged. This in vitro study investigated the effect of the timing and dosage of
radiation therapy on the filling material removal during endodontic reintervention.
Method: Sixty single-rooted human mandibular premolars were distributed into
5 groups (n = 12), according to the timing and dosage of radiation (55 Gy or 70
Gy): NegativeCG (negative control group) - non-irradiated teeth; Endo-pre-RTss
- root canal obturation before irradiation (55 Gy); Endo-pre-RT7o - root canal
obturation before irradiation (70 Gy); Endo-post-RTss - root canal obturation and
reintervention after irradiation (55 Gy); and Endo-post-RT7o - root canal obturation
and reintervention after irradiation (70 Gy). The roots were cleaved into
hemisections and analyzed under a stereomicroscope and a Scanning Electron
Microscope (SEM) to quantify (%) the amount of remaining filling material.
Intergroup and intragroup comparisons were performed with the One-way
Analysis of Variance (ANOVA) test and post hoc Tukey's test (a = 0.05).
Results: The experimental groups had a significantly greater amount (P < .05) of
remaining filling material in the middle and apical thirds than the control group,
except for Endo-pre-RTss in the middle third (P < .0001). In all groups, the apical
third had a greater amount of remaining filling material (P < .05) attached to the
root canal walls.

Conclusion: Radiation therapy, before and after primary endodontic treatment,
increased the amount of remaining filling material attached to the root canal walls

after endodontic reintervention, regardless of the radiation dose delivered.

KEY WORDS: Radiotherapy; head and neck cancer; dentin; root canal therapy;

root canal filling material.

INTRODUCTION
According to the American Society of Oncology (ASCO), adjuvant

radiotherapy is widely used to treat head and neck cancer (HNC)'. Radiation uses
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total radiation doses that may range from 55 Gy to 70 Gy?. Despite the primary
focus of irradiation being concentrated in the tumor area, healthy tissues are also
irradiated?. Therefore, radiotherapy in HNC patients compromises the integrity of
oral tissues?, especially, the mandible, maxilla, and teeth>7.

It is consolidated in the literature that persistent apical periodontitis after
primary endodontic treatment represents a complex therapeutic situation®. The
treatment for these cases includes non-surgical endodontic reintervention, apical
surgery, or tooth extraction®. However, in HNC patients undergoing radiotherapy,
the non-surgical endodontic reintervention procedure should be the first
treatment option®. Apical surgery and tooth extraction should be avoided due to
the high risk of osteoradionecrosis in these patients?.

Few studies have assessed the sealing capacity and bond strength of
endodontic sealers to irradiated dentin, and the results reported so far are
controversial'®'4, Despite being the most recommended treatment for patients
undergoing radiation therapy, there are no studies evaluating the possible
negative effects of irradiation on the filling material removal during endodontic
reintervention.

Therefore, the purpose of this in vitro study was to evaluate the amount of
filing material attached to the root canal walls, which had been exposed to
different dosages of radiation therapy at different time points during the course of
endodontic reintervention. The following hypotheses were tested: (I) Would
radiation therapy affect the amount of remaining filling material attached to the
root canal walls? (1) Would the timing and dosage of radiation therapy affect the

amount of remaining filling material?

MATERIALS AND METHODS

Ethical Concerns and Sample Size Calculation

This research consists of a quantitative experimental laboratory study, and
it was approved by the Human Research Ethics Committee of the Federal
University of Santa Catarina (Protocol No.: 5.915.260 - CAAE:
65558822.0.0000.0121) and performed following the ethical standards laid down
in the 2008 Declaration of Helsinki.

The sample size was calculated based on previous studies that used ten
specimens per group'®'. In the present study, additional specimens were
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selected by antecipating cases of loss throughout the research. The final sample

size was twelve specimens per group.

Specimens Selection

Sixty single-rooted human mandibular premolars, recently extracted for
reasons beyond the scope of this research, were selected for this study. The teeth
underwent rigorous visual inspection under magnification (x4) and radiographic
examination to assess their internal morphology. The inclusion criteria adopted
were a straight or slightly curved root (curvature angle between 0° and 5°), a
single and completely formed root canal, with no calcifications, no internal or
external resorption, and no previous endodontic treatment. Teeth with signs of
cracks, fractures, or carious lesions were excluded from the final sampling.

The external surface of the teeth was cleaned with an ultrasonic insert (T1-
S; Schuster Equipamentos Odontoldgicas, Santa Maria, RS, Brazil). Next, the
teeth were immersed in a 0.1% thymol solution for disinfection for 48 hours,
followed by washing in running water for 24 hours. Then, the teeth was stored in
plastic receptacles containing distilled water to avoid dehydration and kept in an
oven at 37°C until the beginning of the experiment. All experimental procedures,
from the specimen selection to endodontic reintervention, were performed by a

single and trained operator, a specialist in endodontics.

Randomization and Specimens Distribution

The teeth were numbered and randomly distributed (www.random.org) into
five experimental groups: a negative control group (n = 12), and four experimental
groups (n =12).

e NegativeCG (negative control group): non-irradiated teeth. The
endodontic reintervention was performed 30 days after root canal
obturation.

e Endo-pre-RTss: root canals were obturated before irradiation. Then, the
teeth were irradiated with a dosage of 55 Gy. After 30 days, endodontic

reintervention was performed.
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e Endo-pre-RT7o: root canals were obturated before irradiation. Then, the
teeth were irradiated with a dosage of 70 Gy. After 30 days, endodontic
reintervention was performed.

e Endo-post-RTss: the teeth were irradiated with a dosage of 55 Gy and
then, endodontically treated. After 30 days, the endodontic reintervention
was performed.

e Endo-post-RT7o: the teeth were irradiated with a dosage of 70 Gy and
then, endodontically treated. After 30 days, the endodontic reintervention
was performed.

The study design and experimental group distribution may be seen in Figure

Teeth Irradiation

Teeth irradiation was carried out at the Department of Radiotherapy of the
Oncology Research Center (CEPON; Florianépolis, SC, Brazil). The radiation
therapy followed the CEPON protocol for the treatment of HNC, with 6MV of
energy (photons) and total administration of 55 Gy or 70 Gy, divided into 2 Gy
daily, 5 days a week, for 5 or 7 weeks''. The irradiation was performed in a linear
accelerator (Clinac 2100C; Varian Medical Systems, Inc., Palo Alto, CA, USA)
with dynamic collimators (Dynamic Multileaf Collimator - DMLC), by the Intensity
Modulated Radiotherapy Technique'”-'®. The teeth were placed inside a plastic
receptacle and completely immersed in distilled and deionized water during the
whole protocol’®. The distilled and deionized water was discarded at the end of
each irradiation cycle, and replaced by artificial saliva. Then, the teeth were
stored in an oven at 37°C to simulate the oral conditions. The artificial saliva was

replaced by distilled and deionized water at each new cycle of radiation therapy.
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60 teeth
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and SEM analysis and SEM analysis

FIGURE 1 - Study design and experimental and control group distribution.

Endodontic Treatment

The teeth were decoronated at the cementoenamel junction with a double-
sided diamond disc (No. 7016; American Burs, Palhoga, SC, Brazil) coupled to a
straight handpiece, under copious water cooling. The root canals were initially
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negotiated with a size 10 K-file (Dentsply Maillefer, Ballaigues, Switzerland). The
working length (WL) was established 1 mm short of the apical foramen.

Root canal preparation was performed by the crown-down technique with
the R40 instrument (40/.06) (Reciproc; VDW GmbH, Munich, Germany) powered
by an electric motor (VDW Gold, VDW GmbH), in the “RECIPROC ALL” mode,
following the manufacturer's recommendations. At every three pecking
movements towards the apical, the instrument was removed and cleaned with
gauze soaked in 70% alcohol. The root canal was then irrigated with 2 mL of
2.5% NaOCl solution (Asfer Industria Quimica, Sdo Caetano do Sul, SP, Brazil).
Irrigation was performed with a 30G needle (NaviTip; Ultradent Products Inc.,
South Jordan, UT, USA) coupled to a 5-mL plastic syringe (Ultradent Products
Inc.), in back-and-forth movements, previously calibrated 2 mm short the WL. The
apical patency was maintained by inserting a size 15 K-file (Dentsply Maillefer)
through the apical foramen.

These steps were repeated until the instrument reached the WL. On
completion of root canal preparation, the canals were irrigated with 3 mL of 17%
ethylenediaminetetraacetic acid (EDTA) (Biodinamica, Ibipora, PR, Brazil) for 3
minutes, followed by final irrigation with 3 mL of 2.5% NaOCI solution. A final
volume of 20 mL of 2.5% NaOCI solution was used per root canal. The root canals

were dried with absorbent paper cones (VDW GmbH).

Root Canal Obturation

Root canal obturation was performed using the cold lateral compaction
technique. Initially, a size 40 master gutta-percha cone (Reciproc; VDW GmbH)
wrapped in endodontic sealer (AH Plus JET; Dentsply DeTrey GmbH, Konstanz,
Germany) was inserted into the root canal up to the WL. Then, a size 25 finger
spreader (Dentsply Maillefer), calibrated 1 mm short of the WL, was gently
inserted into the root canal to laterally compact the master cone and create space
for the insertion of size B7 accessory gutta-percha cones (Tanari, Sdo Paulo, SP,
Brazil). Before each accessory gutta-percha cone insertion, the use of the finger
spreader was necessary, as well as the placement of a thin layer of sealer on the
cones’ surface. After maximum placement of accessory gutta-percha cones, they
were cut with a pre-heated plugger (Odous de Deus, Belo Horizonte, MG, Brazil)

followed by vertical compaction. Digital periapical radiographs were taken in
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mesiodistal and buccolingual directions to ensure the quality of the root canal
obturation. Root canal obturation with gaps and voids was discarded from the
final specimen pool, and replaced. The root canal entrance was sealed with
composite resin (Opus Bulk Fill; FGM Dental Group, Joinville, SC, Brazil). The
specimens were kept in an environment with 100% humidity (gauze soaked in
distilled water) and 37°C for 30 days, to achieve a complete setting of the

endodontic sealer.

Endodontic Reintervention

Initially, the gutta-percha was perforated with a size 2 Gates-Glidden drill
(Dentsply DeTrey GmbH), positioned 5 mm short of the WL. Next, the R40
instrument (Reciproc; VDW GmbH) was used for the filling material removal. The
instrument was apically activated, in pecking movements of approximately 3 mm
in amplitude. Filing material removal was considered finished when the
instrument reached the WL, the filling material was no longer observed in the
reflux of the irrigating solution and on the instrument’s cutting blades.

The re-instrumentation of the root canals was performed with the R50
instrument (50/.05) (Reciproc; VDW GmbH) until reaching the WL, as described
above. The same irrigation protocol used during root canal preparation was
performed during endodontic reintervention (filling material removal and re-
instrumentation). Apical patency was maintained by inserting a size 15 K-file
(Dentsply Maillefer) through the apical foramen.

The root canals were then submitted to a supplementary irrigation protocol
(Passive Ultrasonic Irrigation- PUI). The root canals were flooded with 17%
EDTA, which was ultrasonically activated with a smooth insert with a diameter of
0.2 mm (E1-Irrisonic; Helse, Santa Rosa do Viterbo, SP, Brazil), positioned 2 mm
short of the WL. The insert was activated by a piezoelectric ultrasonic device
(JetSonic; Gnatus, Ribeirao Preto, SP, Brazil), at 20% power, with back-and-forth
movements in 3 cycles of 20 seconds each. The solution was renewed at each
new cycle. Afterward, the final irrigation of the root canals was performed with 3
mL of 2.5% NaOCI solution, following the same protocol used for the 17% EDTA

ultrasonic activation.
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Stereomicroscope and Scanning Electron Microscope (SEM) Analysis

To quantify the remaining filling material attached to the root canal walls,
the specimens were analyzed directly under a stereomicroscope (SteREO
Discovery. V12, Carl Zeiss, Jena, Germany)?°-23. Initially, a gutta-percha cone
was inserted into the root canal to prevent the entry of debris. Next, longitudinal
grooves were made on each root's buccal and lingual external surfaces with a
double-sided diamond disc No. 7016 (American Burrs). Then, the roots were
gently cleaved with the aid of a chisel and hammer, obtaining two root
hemisections per tooth.

The roots' hemisections were assessed under a stereomicroscope at x8
magnification (total view of the hemisection area). Each hemisection was
individually positioned with its long axis parallel to a calibration ruler. The image
acquisition was performed with the AxioVision software (AxioVision LE64 -
SteREO Discovery. V12, Carl Zeiss). All images were captured in TIF format and
analyzed by a properly calibrated examiner using the Image J 1.53t software
(National Institutes of Health, USA - https://imagej.nih.gov/). The percentage of
remaining filling material attached to the root canal walls was calculated. The root
canal was divided into three thirds (cervical, middle, and apical), according to the
WL previously established (mm). Initially, the external contour of the area of each
root third was delimited (mm?). It is important to point out that to delimit the areas
of interest more precisely, the images were enlarged. Next, the external contour
of the remaining filling material was delimited, and based on a rule of three, the
values generated for the areas expressed in mm? were transformed into

percentages for comparison among control and experimental groups (Figure 2).
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FIGURE 2 - Representative images of the root hemisection in the
stereomicroscope analysis (Image J software). (A) Yellow arrows indicate the
limits of the root thirds (cervical, middle, and apical). (B) Delimitation of the
external contour of each root third area. (C) Delimitation of the external contour
of the remaining filling material (red arrows).

After the stereomicroscope analysis, the hemisections were kept in an
oven at 37°C for 48 hours, and then, placed in a vacuum desiccator for the same
period to eliminate all traces of moisture. Next, the hemisections were mounted
onto metallic stubs, and sputter-coated with a gold/palladium layer (300 A). Image
acquisition of the hemisections was performed under Scanning Electron
Microscope (SEM) (Jeol JSM 5410, Sony, Tokyo, Japan), operating at 10 keV, at
x20, x250, x1.000 and x3.000 magnifications.

Statistical Analysis

Statistical analysis was performed using the IBM SPSS Statistics 25.0
software (IBM Corp., Armonk, NY, USA). The normality of data distribution and
the homoscedasticity of variances was confirmed using the Shapiro-Wilk and
Levene tests, respectively. Intergroup and intragroup comparisons were
performed with the One-way Analysis of Variance (ANOVA) test. Post hoc
comparisons were conducted using Tukey's test. The significance level was set
at 5% (a = 0.05).
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RESULTS
Stereomicroscope Analysis

No specimen was lost during the experiment. When the analysis of
variance was examined, the different experimental conditions (irradiation
timing/dosage) (P < .05) and the root canal third (P < .05) had a significant effect
on the amount of remaining filling material. The interaction of these factors was
also significant (P < .05).

In the intergroup analysis (Figure 3), Endo-post-RTss had a greater amount
of remaining filling material than the NegativeCG, Endo-pre-RTss, and Endo-pre-
RT7o in the cervical third (P =.0025). Endo-post-RT7o had no significant difference
compared to the other groups (Figure 3). Endo-pre-RT70, Endo-post-RTss, and
Endo-post-RT7o showed a greater amount of remaining filling material than
NegativeCG and Endo-pre-RTss in the middle third (P <.0001). In the apical third,
all experimental groups had a greater amount of remaining filling material than
the negative control group (P = .0001).

In the intragroup analysis, the amount of remaining filling material in the
apical third was significantly greater than in the cervical and middle thirds for the
NegativeCG (P = .038) and Endo-pre-RTss (P = .0037). Endo-pre-RT7o0 (P <
.0001), Endo-post-RTss5 (P =.0079) and Endo-post-RT7o (P =.0008) had a greater
amount of remaining filling material attached to the root canal walls in the apical
and middle thirds than in the cervical third.

T Endo-postRTs  Endo-postRTy NegativeCG Endo-preRTes  Endo-preRTr,  Endo-postRTs  Endo-postRTr NegaliveCG Endo-pre-RTss

FIGURE 3 - Box plot graphical representation of the amount of remaining filling
material attached to the root canal walls (%) at the different root thirds. Different
uppercase letters represent a statistically significant difference among groups
(intergroup analysis). Different lowercase letters represent a statistically

significant difference among root thirds (intragroup analysis). One-way ANOVA
test, Tukey posthoc test, P < .05.
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SEM Analysis

Representative SEM images may be seen in Figure 4. There were
differences between irradiated and non-irradiated specimens in terms of dentin
microstructure and morphology; and the amount of remaining filling material
attached to the root canal walls. There were distinct differences between the
characteristics of the dentin surface before and after radiation therapy.

In the NegativeCG, it was possible to observe more regular dentinal
tubules, with no signs of microcracks or radiation induced-dehydration. Most of
the dentinal tubules were free of endodontic sealer. However, in some
specimens, it was possible to note the presence of sealer tags within the dentinal
tubules. A smaller amount of remaining filling material attached to the root canal
walls was observed in the specimens of the control group in comparison with the
experimental (irradiated) groups (Figure 4A-D). In the Endo-pre-RT groups, a
greater amount of remaining filling material attached to the root canal walls was
evident, regardless of the radiation dosage (55 Gy or 70 Gy) (Figure 4E-H). In
the Endo-post-RT groups (55 Gy and 70 Gy), in some specimens, it was noted
the presence of microcracks along the dentinal surface. Obliteration of the
dentinal tubules and a greater amount of filling material covering them was also

observed (Figure 4/-L).
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FIGURE 4 - Representative SEM images of specimens from the control and experimental groups.
(A-C) NegativeCG - cervical, middle, and apical thirds, respectively (x250). Note the regular
dentin (box), with no signs of radiation induced-dehydration or micro-cracks, and a few filling
material remnants (arrows). (D) NegativeCG - cervical third (x1000). Sealer tags within the
dentinal tubules (circle). (E-G) Endo-pre-RTro - cervical, middle, and apical thirds, respectively
(x250). Greater amount of remaining filling material attached to the root canal walls. (H) Endo-
pre-RT7o - cervical third (x1000). Debris produced by the re-instrumentation covering the root
canal walls in the cervical third, obliterating the entrance of the dentinal tubules. (/-K) Endo-post-
RT7 - cervical, middle, and apical thirds, respectively (x250). Observe the presence of
microcracks along the dentinal surface (arrows), and debris produced by the re-instrumentation
covering the root canal walls (circle). (L) Endo-post-RT7o - cervical third (x1000). Note the signs
of radiation induced-dehydration on the dentinal surface (box). Greater amount of filling material.

DISCUSSION
Radiation therapy is defined as the “use of high-energy radiation from X-
rays, gamma-rays, neutrons, protons, and other sources to kill cancer cells and

shrink tumors™. This in vitro study assessed the amount of remaining filling
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material attached to the root canal walls, which had been exposed to different
dosages of radiation therapy at different time points during the course of
endodontic reintervention. Based on the results obtained, the first hypothesis
tested was confirmed, since irradiated teeth had a greater amount of remaining
filing material attached to the root canal walls than non-irradiated teeth,
regardless of the timing and dosage of radiation therapy. Therefore, the second
hypothesis was rejected.

Parahyba et al.?* have reported that the irradiation delivered to the teeth
of HNC patients depends on several factors, such as the primary tumor location,
size, staging, and laterality. According to these authors, the dose received by
mandibular premolars, the teeth used in the present study, in a clinical scenario,
may range from 38.76 Gy to 64.49 Gy. Therefore, in this research, two radiation
therapy dosages (55 Gy and 70 Gy) were tested to verify whether cumulative
radiation might lead to harmful effects on endodontic reintervention.

Teeth irradiation was performed by the Intensity Modulated Radiotherapy
Technique. This technique consists of a previous elaboration of a dose
distribution map by computed tomography'”'8. Therefore, the intensity of the
radiation beam can be controlled from a three-dimensional spatial plane,
maximizing disease control and minimizing morbidity and toxicity to healthy
tissues adjacent to the targeted tissues (neoplastic cells)?.

Regardless of the radiation dose received, the amount of remaining filling
material attached to the root canal walls in the experimental groups was greater
than in the control group, confirming the negative impact of radiotherapy on
endodontic reintervention. The experimental groups showed a significantly
greater amount of remaining filling material, especially in the middle and apical
thirds, in comparison with the control group, except for Endo-pre-RTss, in the
cervical and middle thirds.

Bodrumlu et al.’ reported that teeth irradiation after root canal obturation
increased the sealer’s apical flow when compared to non-irradiated teeth. The
temperature increase of the irradiated structures is one of the most common
phenomena associated with radiotherapy?®. In the present study, such a
phenomenon may have led to thermoplastification of the filling material,
especially gutta-percha, in the groups submitted to primary endodontic treatment

before irradiation'?, hindering its removal during reintervention?2?”. Furthermore,
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to validate the thermoplasticity of the filling material, specimens that had
undergone endodontic treatment before radiotherapy displayed an orange hue
following irradiation. Additionally, during the removal of the filling material, it
became apparent that it exhibited a noticeably softer consistency in comparison
with the control group.

On the other hand, the experimental group in which primary endodontic
treatment was performed after radiotherapy also showed a greater amount of
remaining filling material than the non-irradiated control group. lonizing radiation
causes damage to dentin morphology and microstructure, which hinders its
interaction with biomaterials® 71928 such as endodontic sealers'. The most
deleterious effects are the collapse of the collagen fibrils network, obliteration of
dentinal tubules, and dentin dehydration due to radiolysis’?® Radiolysis is the
breakdown of water molecules by ionizing radiation, leading to free radicals and
hydrogen peroxide formation’.

In the present study, an epoxy resin-based endodontic sealer (AH Plus
JET) was used for root canal obturation. This type of sealer forms covalent bonds
between its epoxy rings and the amine groups of the dentin collagen, increasing
its bond strength?®. Radiotherapy significantly affects the organic portion of
dentin'3% which highly compromises the adhesion of this endodontic sealer'.
The collagen fibrils network collapse after irradiation is the most accepted
explanation for the lower bond strength of epoxy resin-based endodontic sealer
to irradiated intraradicular dentin.

Conversely, it is valid to notice that AH Plus JET has a hydrophobic
nature?®. Therefore, it may be suggested that the greater amount of filling material
attached to the root canal walls in the groups irradiated before primary endodontic
treatment and reintervention is due to a more appropriate interaction between the
dehydrated dentin by irradiation and a hydrophobic sealer?®. Our SEM analysis
revealed the presence of microcracks along the dentinal surface and signs of
radiation induced-dehydration on the dentinal surface. However, this is an
argument that needs further studies to be corroborated. Other studies have
shown a significant reduction in the bond strength of this sealer'* due to changes
in the dentin organic matrix after radiotherapy'+3. However, it must be

emphasized that in the present study, the bond strength of the AH Plus JET was
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not tested, and it would not be appropriate to associate bond strength values with
the amount of remaining filling material after endodontic reintervention.

Despite the different results obtained between experimental (irradiated)
and control (non-irradiated) groups, the root canal third seemed to play a key role
in these findings. In all groups, the apical third showed a greater amount of
remaining filling material. This finding is similar to other studies that demonstrated
that filling material removal in the apical third is more challenging®'-33. The apical
third is considered a critical zone because it has great anatomical variation and
a high number of lateral, secondary, and accessory canals, and most of them are
located in the final 3 mm?34.35,

Therefore, proper sanitization of the apical third is often difficult to
achieve’®3” and the presence of remaining filling material may shelter
microorganisms responsible for maintaining periapical diseases3'. As
conventional instrumentation is not enough to completely remove the filling
material from the root canal®, supplementary steps to accomplish the removal,
such as sonic and ultrasonic activation of the irrigating solutions, ultrasonic
inserts for mechanical filling material removal, and the use of endodontic files that
change their shape according to body temperature, have been used and
promoted a significant reduction in the amount of remaining filling material
attached to the root canal walls'® 31:32,

In the present study, we opted for ultrasonic activation of the irrigating
solution, since previous studies have demonstrated the effectiveness of this
protocol as a supplementary step for the remaining filling material removal after
initial desobturation with mechanized instruments38-4°. The acoustic energy
produced by the ultrasonic insert provides further mechanical debridement,
allowing the irrigating solution to reach hard-to-reach areas not touched by the
instruments38-40, The constant flow of the irrigating solution against the root canal
walls produces an effect named cavitation, which leads to the remaining filling
material dislodgement38-40,

The use of a stereomicroscope to quantify the amount of remaining filling
material might be considered a limitation of our study, as it only allows a two-
dimensional analysis of the root canal images. On the other hand, micro-CT
allows a three-dimensional analysis of the specimens*'42. However, it is a high-

cost method, which restricts its access to most researchers*'42. In addition, it
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takes a long time to scan each specimen and may generate artifacts due to the
presence of radiodense materials (gutta-percha and sealer) within the root
canal*'#2. Despite the limitations of using a stereomicroscope for this type of
analysis, it is still widely used?0-23,

The increase in the survival rate of HNC patients reinforces the importance
of oral health management*3. Therefore, the search for clinical protocols based
on scientific evidence for dental treatment before, during, and after radiation
therapy in HNC patients should be highly encouraged?*. Despite the advances in
cancer treatment, teeth extraction, and oral surgery after head and neck radiation
therapy continue to be avoided due to the high risk of osteoradionecrosis**.
Proper endodontic reintervention will provide a greater chance of treatment
success, and avoid periapical surgery or tooth extraction.

It is worth mentioning the clinical relevance of this study, since in the
irradiated teeth, regardless of the timing in which the primary endodontic
treatment was performed (pre- or post-radiotherapy), there was a greater amount
of remaining filling material attached to the root canal walls. This finding proves
the effect of radiation on the filling material, and consequently, on the endodontic
reintervention. Such a procedure must be carried out with greater acuity than
under normal clinical conditions. Furthermore, the use of supplementary steps to

accomplish greater filling material removal must be always considered.

CONCLUSION

It is possible to conclude that irradiation of the teeth, before and after
primary endodontic treatment, increased the amount of remaining filling material
attached to the root canal walls after endodontic reintervention, regardless of the

radiation dose delivered.
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4. CONCLUSAO

Com base nos resultados obtidos € possivel afirmar que a irradiagao dos
dentes, antes e apos o tratamento endoddntico primario, aumentou a quantidade
de material obturador remanescente aderido as paredes do canal radicular apos

a reintervengao endoddntica, independentemente da dose de radiacao recebida.
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