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RESUMO 
 

 

Aboud LRL. Efeito da idade dentinária na formação de trincas após 
procedimentos de tratamento e retratamento endodôntico. [tese]. Niterói: 
Universidade Federal Fluminense, Faculdade de Odontologia; 2018. 
 
 

Os objetivos do presente estudo foram avaliar o volume de trincas 
dentinárias e a remoção do material obturador do interior do conduto radicular, 
levando em consideração a idade da dentina e o tipo de sistema de limas 
utilizadas nos procedimentos endodônticos. Foram utilizados 40 dentes 
unirradiculares recém-extraídos, incisivos inferiores, que apresentavam similar 
volume radicular. Os dentes foram divididos em dois grupos de acordo com a 
idade do paciente: Grupo Jovem (18 a 30 anos) e Grupo Idoso (60 anos ou 
mais). Cada espécime foi scaneada por microtomografia computadorizada 
(micro-CT) em três estágios: antes de qualquer intervenção, após tratamento 
endodôntico com limas Reciproc (REC) e após subsequente retratamento 
endodôntico. Cada grupo foi subdividido em dois subgrupos, de acordo com a 
técnica de retratamento utilizada: um recebeu retratamento com REC e outro 
com lima ProTaper Universal Retreatment (PUR). As imagens foram analisadas 
quanto às diferenças no volume das trincas dentinárias nos terços médio e 
apical dos dentes entre os subgrupos, de acordo com a idade da dentina. Os 
subgrupos Jovem e Idoso retratados com REC também foram avaliados 
levando em consideração a remoção do material obturador. Em ambos os 
estágios (antes e depois da instrumentação), as imagens de micro-CT da 
dentina radicular idosa apresentaram maior volume de trincas do que as 
jovens, sem significância estatística (P > 0.01). Quando retratada com PUR, a 
dentina radicular idosa apresentou um volume de trincas significativamente 
maior (P < 0.01) quando comparado com os dentes retratados com REC, 
indicando assim uma maior incidência nas formações de trincas na dentina 
radicular idosa após o retratamento com PUR. A idade dentinária e a presença 
de trincas não foram fatores relevantes para a remoção do material obturador.  

 

 

Palavras-chave: trincas dentinárias, idade dentinária, instrumentos 
reciprocantes, instrumentos rotatórias, microtomografia computadorizada, 
retratamento. 
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ABSTRACT 
 

 

ABOUD LRL. “Effect of aging on dentinal crack formation after treatment and 
retreatment procedures: a micro-CT study”. [thesis]. Niterói: Universidade 
Federal Fluminense, Faculdade de Odontologia; 2018. 

 
In order to evaluate the volume of dentinal cracks and the removal filling 

material inside the root canal, taking into account the age of the dentin and the 
type of file system used for endodontic procedures, forty freshly extracted 
single-rooted, lower incisive teeth, that presented similar root volume, were 
divided into two groups according to the age of the patient: Group Young (18 - 
30 years old) and Group Old (60 years old or more). Each specimen was 
scanned by microcomputed tomography (micro-CT) in three stages: before any 
treatment, after endodontic treatment with Reciproc files (REC), and after 
subsequent endodontic retreatment. Each group was subdivided in two 
subgroups, according to the retreatment technique used: one received 
retreatment with REC and the other with ProTaper Universal Retreatment 
(PUR) files. The images were analyzed for differences in the volume of dentinal 
cracks in the middle and apical thirds of the teeth among the subgroups, 
according to the dentin age. The subgroups Young and Old retreated with REC 
were analyzed taking into account the removal filling material when had cracks. 
In both stages (before and after instrumentation), the micro-CT images of the 
old root dentin presented with more volume of cracks than those from young 
root dentin, statistical significance notwithstanding (P > .01). When retreated 
with PUR, the old root dentin presented with a significantly higher volume of 
cracks (P < .01) when compared with the REC retreated teeth, thus indicating a 
higher incidence in crack formations in the old root dentin after retreatment with 
PUR. The dentinal age and the presence of cracks were not found to be 
relevant factors for the removal of the filling material. 

 
 

 

Keywords: dentinal cracks, dentinal age, reciprocating files, rotary files, 
microcomputed tomography, endodontic retreatment. 
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1 - INTRODUÇÃO  

 

É sabido que a dentina humana sofre várias modificações, como a 

diminuição do número e tamanho dos túbulos dentinários com o avançar da 

idade1/1, tendo como consequência a diminuição da incidência de infecção 

bacteriana nos túbulos2/1. A dentina idosa é mais desidratada, o que aumenta a 

incidência de trincas, pois a hidratação promove certos mecanismos que 

contribuem com a dissipação de energia, aumentando a resistência ao 

desenvolvimento das fissuras na superfície dentinária3, 4/1, 4,5/2. Assim sendo, 

estudos sobre o efeito dos procedimentos endodônticos sobre a dentina 

considerando a idade podem ser relevantes na prática clínica diária. 

 

Durante os procedimentos de tratamento e retratamento endodontico, as 

trincas dentinárias podem aparecer devido à quantidade de dentina 

removida5/1. Os diferentes sistemas de limas usados, devido às suas 

configurações, podem favorecer ou causar maiores danos à estrutura 

dentinária. Vários estudos têm reportado que as limas manuais e reciprocantes 

podem gerar trincas, porém em menor número quando comparadas com as 

limas rotatórias5, 7/1. 

 

Quando se faz necessário o retratamento do canal radicular várias 

técnicas podem ser utilizadas envolvendo o uso de solventes, calor, 

instrumentos mecânicos e a combinação entre eles 6/2. Instrumentos 

reciprocantes também tem sido amplamente utilizados no processo de 

remoção da guta-percha e cimento, por aparentemente causarem menos 

danos à estrutura dentinária 7,8/2, por possuírem maior rapidez na remoção da 

guta-percha e cimento obturador com menos extrusão apical de debris, quando 

comparados aos instrumentos rotatórios 9,10,11,12/2. 
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 Diferentes métodos de análise de imagem têm sido empregados tanto 

na visualização de defeitos dentinários 9/1, quanto na remoção de material 

obturador do interior do conduto radicular 15/2. Contudo, a microtomografia 

computadorizada (micro-CT) tem sido uma tecnologia recentemente 

empregada para análise dentinária, pelo fato de promover detalhes acurados 

em imagens de alta resolução 9,10/2. O emprego do micro-CT pode detectar o 

surgimento e evolução das trincas dentinárias após o tratamento e 

retratamento endodôntico 8,9,10/1, assim como a visualização e quantificação do 

material obturador remanescente pós –retratamento15-18/2. 

 

Os objetivos do presente estudo foram comparar o aumento do volume 

das trincas formadas, em dentinas jovens e idosas, antes e após o tratamento 

e retratamento endodôntico, utilizando os instrumentos reciprocante (REC) e 

rotatório (PUR) através da análise ao micro-CT e, analisar se a idade dentinária 

e a presença de trincas teve alguma influencia na remoção do material 

obturador.  
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2 – METODOLOGIA 

2.1 SELEÇÕES DA AMOSTRA E MICRO-CT ESPECIFICAÇÕES 

 

 O número de amostras foi selecionado de acordo com a base estatística, 

após a aprovação do comitê de ética da Universidade Federal Fluminense, 

Niterói, Brasil, sob o número 978.418. Quarenta incisivos inferiores 

recentemente extraídos foram selecionados e estocados em saliva artificial 

(Formula e Ação Farmácia, São Paulo, Brasil) a 37°C, durante todas as etapas 

do experimento. A escolha dos incisivos inferiores foi feita por apresentarem 

similar volume radicular, com o intuito de padronizar ao máximo a presente 

pesquisa. Dentes com fraturas radiculares, curvaturas acentuadas, múltiplas 

raízes, múltiplos canais, cáries ou restaurações, severas variações anatômicas 

e severas calcificações foram excluídos.  

 

 Os dentes foram divididos em dois grupos (Tabela 1): Grupo Y (jovem), 

dentes de pacientes com idade entre 18-30 anos (n=20); e Grupo O (idoso), 

dentes de pacientes com idade acima de 60 anos (n=20). O aparelho de micro-

CT (Skyscan 1173; Brucker micro-CT, Kontich, Belgium) a 70 kV e 114 mA foi 

usado para avaliar as trincas dentinárias bem como a remoção de material 

obturador. Num total de 449 cortes de micro-CT (thickness, 14. 25 µm cada), 

nos terços médio e apical dos dentes. Assim sendo, uma análise do perfil de 

aproximadamente 15 mm do ápice radicular foi obtida. Um suporte de metal 

específico foi utilizado juntamente com uma base de resina acrílica, feita sob 

medida para que cada amostra ficasse fixa e na posição correta durante cada 

observação ao micro-CT. 
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GRUPO Y 

DENTES DE PACIENTES COM 
IDADE ENTRE 18-30 ANOS (n = 20) 

GRUPO O 

DENTES DE PACIENTES COM 
IDADE DE 60 YEARS OU MAIS (n = 
20) 

GRUPO YR: DENTES RETRATADOS 
COM RECIPROC R.25 (n = 10) 

GRUPO OR: DENTES RETRATADOS 
COM RECIPROC R.25 (n = 10) 

GRUPO YP: DENTES RETRATADOS 
COM PROTAPER D1, D2 E D3 (n = 
10) 

GRUPO OP: DENTES RETRATADOS 
COM PROTAPER D1, D2 E D3 (n = 
10) 

 

Tabela 1. Divisão das amostras de dentes em grupos e subgrupos. 

 

Uma análise inicial ao micro-CT, antes de qualquer intervenção 

endodôntica nos dentes, foi realizada e a presença de trincas prévias em 

alguns dos 40 dentes foi identificada. Após essa etapa, ambos os grupos foram 

endodonticamente tratados.  

 

2.2 PREPARO DO CANAL RADICULAR 

 

 Antes de iniciar o tratamento endodôntico, as superfícies das raízes 

foram revestidas com material de impressão a base de poliéster (Impregum F, 

3M ESPE, St Paul MN, Germany), para simular espaço do ligamento 

periodontal. Logo após uma base de resina epóxica, com diâmetro de 18 mm, 

foi feita a fim de reduzir o impacto gerado durante os procedimentos 

endodônticos, minimizando assim uma possível formação de trinca 11/1. 

 

 Para manter um padrão, os dentes foram acessados e a patência foi 

feita com lima K #15 (Dentsply Maillefer, Ballaigues, Switzerland), 
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acompanhada de abundante irrigação-aspiração com 10 ml de hipoclorito de 

sódio a 5,25% (NaOCl; Formula e Ação Farmácia, São Paulo, Brasil), em cada 

etapa, durante todo a instrumentação. Todas as amostras foram 

instrumentadas com Reciproc R.25 com 0.08 de taper (VDW, Munich, 

Germany), mantendo uma padronização. O motor VDW SILVER RECIPROCⓇ 

(VDW, Munich, Germany) foi utilizado de acordo com as especificações do 

fabricante. Após a instrumentação, uma generosa irrigação final foi feita com 

um total de 30 ml de NaOCl e 10ml de ácido cítrico a 10%(Formula e Ação 

Farmácia) e 5 ml de água destilada. 

 

 Na sequencia, todos os 40 dentes foram separados de acordo com a 

idade (Grupos O e Y) e analisados pela segunda vez ao micro-CT para verificar 

se a instrumentação gerou ou aumentou o volume das trincas pré-existentes. 

 

2.3 OBTURAÇÃO DO CANAL RADICULAR 

 

 Após a segunda análise ao micro-CT, os dentes foram irrigados com 

5,25% NaOCl e ácido cítrico a 10% e secos com cones de papel Reciproc R.25 

(VDW). Os canais foram obturados com cones guta-percha Reciproc R.25 

(VDW) e cimento AHPlus (Dentsply De Trey, Konstanz, Germany) usando a 

técnica de compactação vertical aquecida (Easy Thermo-Pack, Easy Endo, 

Belo Horizonte, Brasil), com o intuito de causar menos impacto à raiz e reduzir 

o risco de formação de trincas nesse estágio 11/1. O selamento coronário foi 

realizado com o selador temporário ColtosolⓇ (Vigodent, Rio de Janeiro, RJ, 

Brasil). Os dentes foram imersos em saliva artificial a 37°C durante 30 dias. 
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2.4 GRUPOS DE AMOSTRAS 

 

 Como mostrado na Tabela 1, após a obturação dos canais, as amostras 

foram separadas e divididas em subgrupos, tendo como base a técnica de 

retratamento usada: YR (jovem retratado com REC), YP (jovem retratado com 

PUR), OR (idoso retratado com REC) e OP (idoso retratado com PUR). 

 

 Os subgrupos YR e OR foram retratados com a lima Reciproc R.25. Um 

tampão de guta-percha do terço coronário foi removido com condutor elétrico 

aquecido (Easy Thermo-Pack, Easy Endo, Belo Horizonte, Brasil). A lima REC 

foi introduzida no canal em movimento lento de vai-e-vem, sem introduzir 

completamente o instrumento no interior do canal, segundo orientação do 

fabricante. Os dentes foram irrigados com um total de 30 ml de 5,25% de 

NaOCl, 10mL de ácido cítrico a 10% e 5 ml de água destilada. O total da 

solução usada no canal foi de 45 ml. O selamento coronário foi realizado com 

ColtosolⓇ. 

 

Os subgrupos YP e OP foram retratados com limas ProTaper Universal 

Retreatment D1, D2 e D3. Uma penetração inicial no material obturador foi 

realizada com a lima D1, seguindo-se a sequencia de penetrações com as 

demais limas, da menor para a maior (D1 até D3), aplicando delicada pressão 

apical, seguindo a orientação do fabricante. O movimento do motor VDW foi de 

600 rpm e torque de 150 g cm-1. Os dentes foram irrigados e o selamento 

coronário realizado tal como nos subgrupos YR e OR. 

 

 Após este último estágio, os dentes foram submetidos à terceira análise 

ao micro-CT, a fim de detectar o volume das trincas de acordo com o 
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instrumento utilizado no retratamento, levando em consideração a idade 

dentinária. 

 

2.5 ANÁLISE DAS TRINCAS 

 

 Quatrocentos e quarenta e nove cortes (14.25 µm), obtidos do terço 

médio e apical radicular de cada dente, foram analisados. A integração com as 

funções do programa Image Pro Plus 7.0 software (Media Cybernetics, 

Bethesda, USA) foram usadas para acessar a formação das trincas. O software 

é capaz de produzir imagens animadas ao longo do dente, do inicio ao fim da 

trinca dentinária. O software ImageJ 1.49 m (National Institute of Health, 

Bethesda, USA) foi usado para segmentar e quantificar o volume das trincas. 

 

2.6 ANÁLISE DA REMOÇÃO DO MATERIAL OBTURADOR 

 

 A análise da remoção do material obturador foi realizada nos subgrupos 

retratados com a lima REC (YR e OR). A escolha desses subgrupos se deu 

pelo fato de, segundo a literatura, os instrumentos reciprocantes apresentarem 

menos danos à dentina durante o retratamento que os instrumentos rotatórios 9, 

10,11,12/2. Após a remoção do material obturador e da avaliação do volume de 

trincas os dentes foram submetidos novamente à análise ao micro-CT para a 

detecção se a remoção do material obturador foi afetada pela presença das 

trincas e da idade dentinária. Os mesmos 449 cortes foram feitos (14.25 µm) 

utilizando o programa Image Pro Plus 7.0 software (Media Cybernetics, 

Bethesda, USA). O software CTAn Skyscan Bruker (Bruker micro-CT, Kontich, 

Belgium) foi usado para processar as imagens. 
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2.7 ANÁLISE ESTATÍSTICA  

 

 Para a análise estatística do volume das trincas o software Prism 5 

(Graph Pad Software, La Jolla, USA) foi usado. O teste de Mann-Whitney foi 

usado com nível de significância de 1% para comparações do volume das 

trincas entre os grupos não instrumentados e instrumentados, dentinas jovens 

e idosas, e entre dentinas jovens e idosas retratadas com REC e PUR. 

 

Os Testes de Friedman com pós-teste de Dunn foram realizados para  

comparações múltiplas da formação das trincas ao longo dos procedimentos 

endodônticos realizados, usando os dois diferentes tipos de instrumentos. A 

cada momento, o número de trincas entre dentes de jovens e idosos, e entre 

REC e PUR foi comparado usando o Teste de Mann- Whitney. 

 

Para a análise da remoção do material obturador a estatística foi feita a 

95% de intervalo de confiança usando SPSS software (SPSS versão 17.0, 

Chicago, IL, USA). Dados obtidos pela análise volumétrica do material 

obturador residual foram comparados usando testes não paramétricos. O teste 

de Mann-Whitney foi feito com nível de significância de 0.05 para comparações 

entre a presença das trincas e a remoção do material obturador entre dentinas 

jovens e idosas que foram retratadas com REC. 
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SUMMARY 

 

 In order to evaluate the volume of dentinal cracks taking into account the age of the dentin  and 
the type of file system used for endodontic procedures, forty freshly extracted single-rooted 
(lower incisive teeth) that presented similar root volume,  were divided into two groups 
according to the age of the patient: Group Young (18 - 30 years old) and Group Old (60 years 
old or more). Each specimen was scanned by microcomputed tomography (micro-CT) in three 
stages: before any treatment, after endodontic treatment with Reciproc files (REC), and after 
subsequent endodontic retreatment. Each group was subdivided in two subgroups, according to 
the retreatment technique used: one received retreatment with REC and the other with ProTaper 
Universal Retreatment (PUR) files. The images were analyzed for differences in the volume of 
dentinal cracks in the middle and apical thirds of the teeth among the subgroups, according to 
the dentin age. In both stages (before and after instrumentation), the micro-CT images of the old 
root dentin presented with more volume of cracks than those from young root dentin, statistical 
significance notwithstanding (P > .01). When retreated with PUR, the old root dentin presented 
with a significantly higher volume of cracks (P < .01) when compared with the REC retreated 
teeth, thus indicating a higher incidence in crack formations in the old root dentin after 
retreatment with PUR. 

 

KEY WORDS 

dentinal age, dentinal volume cracks, microcomputed tomography, reciprocating files, rotary 
files 

 

 

 

INTRODUCTION 

 

It is well known that the human dentin undergoes various modifications, such as   
decrease in the number and size of dentinal tubule with age (1), thereby lowering the incidence 
of bacterial infections in the tubules (2). The young hydrated dentin presents with certain 
mechanisms that contribute to the dissipation of energy and resistance to the development of 
cracks on the surface, a feature that is absent in the aged dentin, the crack resistance of human 
dentin decreases with tissue age and dehydration (3, 4). Therefore, studies on the effect of 
different types of endodontic procedures, on the dentin according to dentinal age would be 
relevant in daily clinical practice. 
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Dentinal cracks may occur due to the amount of dentin removed during endodontic 
treatment and retreatment procedures. Moreover, different files systems with various tapers, 
cutting blades and tip configurations, including manual, rotary and reciprocating motion 
instrumentation are used. Several studies have reported that manual and reciprocating motion 
instruments can generate cracks, but on a smaller scale when compared with the rotating files 
(5,  7).  

In the case of endodontic retreatment the incidence of cracks formation and propagation 
after the procedure was reported by researches that were reported by researchers who used 
manual, rotational and reciprocating instruments. The behavior of rotational and reciprocating 
systems in the generation of defects has been the point of greatest interest in these studies. (8-
11). 

Different microscopy methods have been used to analyze the dentinal defects (9). 
Microcomputed tomography imaging (micro-CT) is recent technology used for dentin analysis 
because it provides accurate details of the defects in high-resolution images (9,10). This 
technique can depict the generation and amount of crack formation after endodontic treatment 
and retreatment, despite the various types of instrumentation used, thus providing a clear insight 
into how the different files, techniques and systems used can influence endodontic success or 
failure ( 8-10).  

The purpose of the present study was to compare the increase in the volume of crack 
formations in young and old root dentin, before and after endodontic treatment and retreatment 
with rotary and reciprocating instruments, using micro-CT analysis. The Reciproc file (REC; 
VDW, Munich, Germany) was used for canal instrumentation. In the retreatment stage both 
groups were divided and retreated with REC and ProTaper Universal Retreatment file (PUR; 
Dentsply Maillefer, Ballaigues, Switzerland) with the aim of comparing the two systems in both 
dentin (young and old) by micro-CT. 

 

 

 

MATERIALS AND METHODS 

 

Selection of samples and Micro-CT specifications 

According to a statistical database, the number of samples was selected after obtaining 
the approval of the ethics committee of the Federal Fluminense University, Niterói, Brazil (local 
ethical committee review number 40186714.5.0000.5243). Forty freshly extracted mandibular 
single-rooted human teeth were selected and stored in artificial saliva at 37°C throughout the 
experimental procedures. The chosen teeth were lower incisive that presented similar root 
volume, in order to standardize the maximum of the present research. Teeth with root fractures, 
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cracks, curved canals, multiple roots, caries or restorations, severe anatomic variations, and 
severe calcified canals were excluded. The teeth were divided into two groups (Table 1): Group 
Y, teeth belonging to patients aged 18 – 30 years old (n = 20); and Group O, teeth obtained from 
patients aged 60 years or more (n = 20). A micro-CT scanner (Skyscan 1173; Brucker micro-
CT, Kontich, Belgium) at 70 kV and 114 mA was used in this study to evaluate the dentinal 
cracks. A total of 449 micro-CT slices (thickness, 14. 25 µm each) were analyzed from samples 
of the apical and middle thirds of the teeth. Thus, a profile of approximately 15 mm from the 
apex of the root was obtained. A specific metal support was used and an acrylic resin base was 
made so that each dental specimen remains securely fitted for further observations.   

The presence of previous cracks in some of the 40 teeth was identified by an initial 
micro-CT analysis performed in all dental elements prior to the endodontic treatment. Then, 
both groups of teeth were endodontically treated. 

Root canal preparation 

Before initiating the endodontic treatment, the surface of the roots was coated with a   
polyether-based impression material (Impregum F, 3M ESPE, St Paul MN, Germany) in order 
to simulate the periodontal ligament space. Then, it was embedded in a base made of epoxy 
resin (diameter 18mm) (11). 

To ensure standardization, the teeth were accessed and patency was performed with a 
#15 K file (Dentsply Maillefer, Ballaigues, Switzerland) accompanied by abundant irrigation-
aspiration with 5.25% sodium hypochlorite (NaOCl; Formula e Ação Farmácia, São Paulo, 
Brazil) throughout the instrumentation process. All specimens were instrumented with Reciproc 
R.25 file with a 0.08 taper (VDW, Munich, Germany), to achieve a previously standardized 
shape, using the motor VDW SILVER RECIPROCⓇ (VDW, Munich, Germany) according to 
manufacturer's standards. After instrumentation, copious irrigation was performed with a total 
of 30 mL of NaOCl, followed by a final rinse with 10 mL of 10% citric acid (Formula e Ação 
Farmácia) and 5 mL of double distilled water.  

Subsequently, all 40 samples were separated according to age, and analyzed for the 
second time by micro-CT to assess whether the instrumentation had generated some damage to 
the dentine prior to the endodontic retreatment. 

 

 

 

Root canal filling 

 

After the micro-CT second analysis, the specimens were irrigated with 5.25% NaOCl 
and 10% citric acid, and dried with Reciproc R.25 paper cones (VDW). The canals were filled 
with Reciproc R.25 gutta-percha (VDW) and AH Plus sealer (Dentsply De Trey, Konstanz, 
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Germany) using the warm vertical compaction technique (Easy Thermo-Pack, Easy Endo, Belo 
Horizonte, Brazil) in order to cause less impact on the root, and reduce the risk of crack 
formation at this stage (11). Coronal sealing was carried out with a temporary sealer Coltosol
Ⓡ (Vigodent, Rio de Janeiro, RJ, Brazil). The teeth were immersed in artificial saliva at 37°C 
for 30 days.  

 

Sample groups  

As shown in Table 1, after root canal filling, the samples were separated into the 
subgroups based on the retreatment technique used: YR (young retreated with Reciproc), YP 
(young retreated with ProTaper Universal Retreatment), OR (old retreated with Reciproc), and 
OP (old retreated with ProTaper Universal Retreatment). 

 

Table 1. Separation of teeth by groups according to the retreatment technique. Groups: Y 
(Young), YR (Young retreated with Reciproc), YP (Young retreated with ProTaper Universal 
Retreatment), O (Old), OR (Old retreated with Reciproc), OP (Old retreated with ProTaper 
Universal Retreatment). 

 

GROUP Y 

TEETH OF PATIENTS 18-30 YEARS OLD 
(n = 20) 

GROUP O 

TEETH OF PATIENTS 60 YEARS OLD OR 
OVER (n = 20) 

GROUP YR: TEETH RETREATED WITH 
RECIPROC R.25 (n = 10) 

GROUP OR:  TEETH RETREATED WITH 
RECIPROC R.25 (n = 10) 

GROUP YP:   TEETH RETREATED WITH 
PROTAPER D1, D2 and D3 (n = 10) 

GROUP OP:   TEETH RETREATED WITH 
PROTAPER D1, D2 and D3 (n = 10) 

 

 

 

 The YR and OR subgroups were retreated with file Reciproc R.25. The bulk of the 
gutta-percha in the coronal third of the canal was removed with an electric heat carrier (Easy 
Thermo-Pack, Easy Endo, Belo Horizonte, Brazil). The REC file was introduced into the canal 
in a slow in-and-out pecking motion applying slight pressure, without pulling the instrument 
completely out of the canal or advancing into the filling material toward the apical third. The 
samples were irrigated with a total of 30 mL 5.25% NaOCl, 10 ml 10% citric acid and 5 mL 
double distilled water. Hence, a total solution volume of 45 mL was used per root canal. 
Coronal sealing was carried out with ColtosolⓇ. 
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The YP and OP subgroups were retreated with PUR files. An initial penetration of the 
filling material was made with a D1 file, followed by a sequence of penetrations with the 
shortest to the longest file (D1, D2, D3), applying slight apical pressure. The speed of the motor 
VDW was 600 rpm. The specimens were irrigated and coronal sealing was performed similar to 
the YR and OR subgroups. 

After the last step, the teeth were submitted to a third micro-CT analysis to detect the 
volume of cracks according to the instrument used for endodontic retreatment, and taking into 
consideration the age of the dentine. 

 

 

 

Dentinal crack evaluation 

Four hundred and forty nine frames (thickness 14.25 µm) obtained from the medium 
and apical thirds of the root of each tooth were evaluated. Frame integration functions of the 
Image Pro Plus 7.0 software (Media Cybernetics, Bethesda, USA) were used for to assess crack 
formation. The software enables the animated visualization of images along the axis of the 
tooth, from the start of crack formation to the end. The software ImageJ 1.49 m (National 
Institute of Health, Bethesda, USA) was used to segment and quantify the volume of cracks.  

 

 

 

Statistical analysis 

Statistical analysis was performed with Prism 5 software (Graph Pad Software, La Jolla, 
USA). The Man Whitney method was used with a significance level of 1% for   comparisons in 
mean volume of cracks between non-instrumented and instrumented young and old root dentins, 
and between young and old dentins that were retreated with REC and PUR. 

Friedman’s test with Dunn's multiple comparisons post-test was employed to compare 
the incidence of crack formation throughout the interventions, when using the two different 
types of files. At each moment, the number of cracks among the young and old dentin, and the 
REC and PUR cases was compared using Mann Whitney’s test. 

 

RESULTS 

Initial analysis of the dental elements before any intervention showed that Group O 
presented with a mean crack volume of 0.39 mm3, whereas mean volume in Group Y was 0.28 
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mm3, statistical significance notwithstanding (p > .01). In the second analysis (micro-CT), after 
endodontic treatment with REC files and before the root canal filling, the specimens 
demonstrated an increase (p > .01) in the volume of the cracks. The Old instrumented (Oi) 
group presented with a greater volume of cracks (0.56 mm3) than Young instrumented (Yi) 
group (0.42 mm3; Fig. 1). 

 

 

 Figure 1. The mean volume of cracks (mm3) in the different groups: Y and O (white bars) 
before instrumentation; Yi and Oi (striped bars) after instrumentation,   (p > .01), with no 
significant difference. 

In the third analysis (micro-CT) following retreatment no significant differences in the 
incidence of cracks were observed among the YR, YP and OR groups (p > .01), however, a 
statistically significant difference was noted in the retreatment OP group (p < .01; Fig. 2).  
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Figure 2.  Mean volume of cracks (mm3) after retreatment with the REC (white bars) and PUR 
(striped bars) instruments, (p > .01).with no significant difference. 

 

As shown in Figure 3, analysis of the volume of micro-fractures throughout the 
interventions revealed significant differences between group O and group OP (0.017 ± 0.008 
mm3 vs 0.28 ± 0.234 mm3).  

 

Figure 3. Evolution of the mean crack volumes (mm3) in the groups: Y and O (white bars, 
before instrumentation), Yi and Oi (striped bars, after instrumentation) and YP and OP (black 
bars, retreated with PUR files) ,(p < .01). 

 



24 
 
 

Figure 4 illustrates the cracks in an old tooth retreated with PUR at different time points 
during the experiment.  

 

 

 

Figure 4. A (Crack initial before instrumentation), B (Increase in crack size after 
instrumentation with REC), C (Increase in crack size after retreatment with PUR). 

 

 

 

 

DISCUSSION 

 To the best of our knowledge, this is the first ex-vivo study to compare the volume 
dentinal cracks between young and old root dentin after instrumentation and endodontic 
retreatment. Micro-CT technology allows for a detailed analysis of the roots before any 
endodontic procedure has been performed (9-10, 13). In the initial analysis before any 
intervention in the present study, Group O presented with a greater crack volume when 
compared with Group Y. This fact confirms that the old root dentin tends to be more 
dehydrated, thus reducing the dissipation of energy, which causes it to become more fragile and 
susceptible to micro-cracks (3, 4, 14). 

The use of single-rooted mandibular incisive teeth attempted to decrease as variations in 
study results. Storage conditions are known to affect the incidence of dentinal cracks before and 
during endodontic procedures (11, 15). In the present study, dental specimens were stored in 
artificial saliva at 37°C throughout the study period because they needed to be well hydrated, 
simulating clinical circumstances. Another means of minimizing the effect of defect-causing 
factors is by simulating the periodontal ligament, by attaching the dental element to a base made 
of epoxy resin through a molding polyether material, in order to neutralize the impact on the 
dentin during the endodontic procedures (11). Besides that, the use of irrigating substances 
during the endodontic process can also induce defects. NaOCl can induce more defects in the 
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dentinal surface (16) when compared with EDTA. Final irrigation with 10% citric acid was 
chosen in this study because EDTA (17%) has been shown to induce significant 
demineralization in old root dentin (14). Lastly, the effect of rotary and reciprocating systems 
files on the incidence of dentinal defects during endodontic procedures has been reported in the 
literature, with some cases reporting no significance on the formation regardless of the 
technique or instrument used (6, 11, 15, 17). 

In order to minimize the increase in the volume of dentinal defects, instrumentation was 
performed using the single-file system (Reciproc R.25 in both groups) because they presented 
with the same shape and root curvature suitable for this file. The REC files were chosen because 
of their flexibility, owing to the fact that they are made of M-Wire Nickel-Titanium alloy 
subjected to thermal treatment with an S-shaped cross-section, which can lower the incidence of 
cracks when compared with the rotary system (11, 18). The results of the present study showed 
that the specimens presented with an increase in the volume of cracks, although the difference 
was not statistically significant (p > .01). This is in accordance with the findings of previous 
studies, thus indicating that instrumentation with REC may cause damage to the dentin (6, 15). 
The old root dentin demonstrated an increasing trend in the volume of cracks when compared 
with the young dentin, which may be attributed to the physiological conditions of the aged 
dentin (3, 4, 14). 

 

Some studies have reported that filling techniques can cause dentinal fissures (20,21), 
however, other studies using micro-CT have shown no effect on the generation or increase in 
volume of crack formation ( 21, 22). Warm vertical compaction was the method of choice 
during the tooth filling stage of posterior retreatment.  

In this study, the choice of REC and PUR files for endodontic retreatment was based on 
previous literature, which showed the efficiency of these files in the generation or increase of 
dentinal defects. The REC and PUR systems require short periods of time for retreatment, both 
are safe for the removal of fillings in straight root canals, and are associated with the formation 
of dentinal defects during the retreatment procedure (14, 22, 23). It is noteworthy that PUR files 
have three instruments with particular designs, wherein each one has an active tip to facilitate 
the initial tooth penetration and the removal of the filling material (24). 

 

After retreatment with REC and PUR, visualization by micro-CT revealed no 
statistically significant difference in the volume of crack formation between the YR and 
YP groups (p > .01). However, a significant difference (p < .01) was noted when the 
PUR file was used for retreatment in the OP group. This evidence has supported the 
argument that the REC file is less aggressive on the dentin during retreatment (24) when 
compared with the PUR file (25). In addition, as the dentin tends to become more 
fragile with age, it may present with more defects when submitted to endodontic 
procedures (1-4, 12). Considering these factors, the present study showed that the REC 
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files were not prejudicial to any of the root dentins. Nevertheless, further studies 
confirming these results are merited. 

.  
Within the limitations of the present study, the use of REC files appeared to 

have no statistically significant differences in the generation of cracks in any type of 
root dentin when compared with the PUR files significant increase in the volume of 
crack formation was noted in the old root dentin following retreatment with PUR. 

 

 

 

 

RESUMO 

 

Para avaliar o volume de fissuras dentinárias levando em consideração a idade da dentina e o 
tipo de sistema de limas utilizadas para procedimentos endodônticos, 40 dentes unirradiculares 
incisivos inferiores, que apresentavam similar volume radicular, recentemente extraídos foram 
divididos em dois grupos de acordo com a idade do paciente: Grupo Jovem (18 a 30 anos) e 
Grupo Idoso (60 anos ou mais). Cada espécime foi scaneada por microtomografia 
computadorizada (micro-CT) em três estágios: antes de qualquer tratamento, após tratamento 
endodôntico com limas Reciproc (REC) e após subsequente retratamento endodôntico. Cada 
grupo foi subdividido em dois subgrupos, de acordo com a técnica de retratamento utilizada: um 
recebeu retratamento com REC e outro com lima ProTaper Universal Retreatment (PUR). As 
imagens foram analisadas quanto às diferenças no volume das fissuras dentinárias nos terços 
médio e apical dos dentes entre os subgrupos, de acordo com a idade da dentina. Em ambos os 
estágios (antes e depois da instrumentação), as imagens de micro-CT da dentina radicular idosa 
apresentaram maior volume de trincas do que as jovens, sem significância estatística (P > 0.01). 
Quando retratada com PUR, a dentina radicular idosa apresentou um volume de trincas 
significativamente maior (P < 0.01) quando comparado com os dentes retratados com REC, 
indicando assim uma maior incidência nas formações de fissuras na dentina radicular idosa após 
o retratamento com PUR. 
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ABSTRACT 

Introduction: This study evaluated the removal of the filling material during endodontic 

retreatment considering the presence of cracks and the dentin age. Methods and Materials: A 

total of 20 freshly extracted single-rooted teeth were categorized into the following two groups 

according to the age of the patient: Group Young (Y; aged 18-30 years) and Group Old (O; aged 

≥60 years). Each tooth specimen was scanned by microcomputed tomography (micro-CT) 

subsequently after endodontic retreatment with the Reciproc files (REC). The images were 

analyzed for differences in the volume of dentin cracks and the presence of the filling material 

in the middle and apical thirds of the teeth among the groups, according to the dentin age. 

Results: The micro-CT images showed that after retreatment, there were more cracks in the old 

root dentin than those in the young root dentin, although the difference was not statistically 

significant (P > 0.05). The greatest reduction in the filling material was achieved when the old 

root dentin with cracks was retreated when compared with that of the young root dentin with 

cracks, but the difference was not statistically significant (P > 0.05). Conclusion: The dentinal 

age and the presence of cracks were not found to be relevant factors for the removal of the 

filling material. 

Keywords: Dentinal Age, Dentinal Cracks, Endodontic Retreatment. 

 

INTRODUCTION 

Non-surgical endodontic retreatment can be indicated in case of treatment failures (1, 

2). Efficiency in the removal of the filling material from the interior of the root canal and the 
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preservation of the dentin structure are fundamental for successful retreatment (3). However, it 

is known that dentin undergoes modifications with age, especially dehydration. The old dentin 

is less hydrated than the young dentin, which contributes to the development of cracks on the 

dentinal surface that can lead to endodontic failure (4, 5). 

Several techniques involving the use of solvents, heat, mechanical instruments, and 

combinations of different methods can be used for the removal of the filling material (6). 

Reciprocating instruments, such as Reciproc Files (REC; VDW, Munich, Germany), have been 

widely used for this purpose as they appear to cause less damage to the dentin structure (7, 8). 

The use of reciprocating instruments has been considered as the most rapid method for 

removing gutta-percha and sealer when compared with rotating files (9-11,) besides extruding 

less apical debris (12). The Reciproc system uses a single file and has been selected because of 

its flexibility due to the fact that the system is made up of M-Wire nickel-titanium alloy 

subjected to thermal treatment with an S-shaped cross-section, which can reduce the incidence 

of cracks when compared with the rotary system (13, 14). However, the behavior of this type of 

file has not yet been analyzed taking into account the dentinal age factor. 

The dentin structure and the removal of the filling material from the interior of the root 

canal have been analyzed through image analyse using stereomicroscopy, optical microscopy, 

electronic microscopy, conventional tomography, and X-rays. However, microcomputed 

tomography (micro-CT) imaging has been widely used today as it provides accurate details of 

the defects with high-resolution images, especially in  endodontic studies (15-18). 

This study was conducted to evaluate the removal of the filling material using the 

Reciproc R.25 file by micro-CT imaging, taking into account the age of the dentin and the 

presence of cracks. 
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MATERIAL AND METHODS 

Selection of samples and micro-CT specifications  

 After obtaining the approval of the ethics committee of the Federal Fluminense 

University, Niterói, Brazil (local ethical committee review number 40186714.5.0000.5243), and 

the number of samples was selected according to a statistical database. A total of 20 freshly 

extracted mandibular single-rooted human teeth were selected for this ex- vivo study and stored 

in artificial saliva at 37°C throughout the experimental procedures. Teeth with severe anatomic 

variations, root fractures, curved canals, caries or restorations and severe calcified and multiple 

roots were excluded. The specimens were categorized into the following two groups: Group 

Young (Y), which included teeth belonging to patients aged 18 – 30 years (n = 10), and Group 

Old (O), which included teeth obtained from patients aged ≥60 years (n = 10). A micro-CT 

scanner (Skyscan 1173; Brucker micro-CT, Kontich, Belgium) operating at 70 kV and 114 mA 

was used for evaluating the dentinal cracks and the removal of the filling material. A specific 

metal support was used and an acrylic resin base was prepared so that each dental specimen 

remains securely fitted for further observations.  A total of 449 micro-CT slices (thickness, 14. 

25 µm each) were analyzed from samples of the apical and middle thirds of the teeth. Thus, a 

profile of approximately 15 mm from the apex of the root was obtained.  

Root canal preparation 

Before starting the endodontic treatment, to simulate the periodontal ligament space, the 

surface of the roots was coated with a   polyether-based impression material (Impregum F, 3M 

ESPE, St Paul MN, Germany). Then, it was embedded in a base with a diameter of 18mm made 

up of epoxy resin (18). 
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Root canal instrumentation procedures were performed using the reciprocating system 

namely Reciproc R.25 file with a 0.08 taper (VDW, Munich, Germany) using the motor VDW 

SILVER RECIPROCⓇ (VDW, Munich, Germany) according to the manufacturers’ 

instructions. To ensure standardization, the teeth were accessed and patency was performed with 

a #15 K file (Dentsply Maillefer, Ballaigues, Switzerland) accompanied by abundant irrigation 

aspiration with 5.25% sodium hypochlorite (NaOCl; Formula e Ação Farmácia, São Paulo, 

Brazil) throughout the instrumentation process. A copious final irrigation, after the 

instrumentation, was performed with a total of 30 mL of NaOCl, followed by a final rinse with 

10 mL of 10% citric acid (Formula e Ação Farmácia) and 5 mL of double-distilled water. Then, 

the samples were categorized according to age for the next step. 

 

Root canal filling 

The specimens were irrigated with 5.25% NaOCl and 10% citric acid and dried using 

Reciproc R.25 paper cones (VDW). The canals were filled with Reciproc R.25 gutta-percha 

(VDW) and AH Plus sealer (Dentsply De Trey, Konstanz, Germany). With the intention of 

causing less impact on the root and reducing the risk of crack formation at this stage, the warm 

vertical compaction technique (Easy Thermo-Pack, Easy Endo, Belo Horizonte, Brazil) was 

used (19). A temporary sealer ColtosolⓇ (Vigodent, Rio de Janeiro, RJ, Brazil) was used for 

the coronal sealing. After this process, the teeth were immersed in artificial saliva at 37°C for 30 

days.  

Removal of the filling material 

The Y and O groups were retreated. The bulk of the gutta-percha in the coronal third of 

the canal was removed using an electric heat carrier (Easy Thermo-Pack, Easy Endo, Belo 
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Horizonte, Brazil). The REC R.25file was introduced into the canal in a slow in-and-out 

pecking motion by applying slight pressure, without pulling the instrument completely out of 

the canal or advancing into the filling material toward the apical third. Hence, a total solution 

volume of 45 mL was used per root canal (30 mL of 5.25% NaOCl, 10 mL of 10% citric acid, 

and 5 mL double-distilled water). The coronal sealing was carried out using ColtosolⓇ. 

Subsequently, the teeth were subjected to micro-CT analysis to detect the removal of 

the filling material taking into consideration the presence of cracks and the age of the dentin. 

A total of 449 frames (thickness 14.25 µm) obtained from the medium and apical thirds 

of the root of each tooth were evaluated. Frame integration functions of the Image Pro Plus 7.0 

software (Media Cybernetics, Bethesda, USA) were used for assessing crack formation and 

visualization of remaining root canal filling. This software enables the animated visualization of 

images along the axis of the tooth, from the start of crack formation to the end. The software 

CTAn Skyscan Bruker (Bruker micro-CT, Kontich, Belgium) was used for the processing of 

images. 

Statistical analysis 

All statistical analyses were performed at a 95% confidence interval using SPSS 

software (SPSS version 17.0, Chicago, IL, USA). Data obtained from the volumetric analysis of 

the residual filling material were statistically compared using non-parametric tests. The Mann-

Whitney test was used with a significance level of 0.05 for   comparisons of the mean presence 

of cracks and the removal of the filling material between the young and the old root dentins that 

were retreated with REC. 
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DISCUSSION 

Removal of the root canal filling material and the proper cleaning of dentinal walls are 

the principal objectives of endodontic retreatment (2, 20). Due to the dental anatomy, the apical 

portion has been the most difficult to remove the filling material, which can lead to the 

formation of dentin cracks (21). The results of the present study corroborate with those reported 

by Taha et al. (21) based on the presence of a remaining of the filling material in the apical 

third. Figure 2 shows the remaining of the filling material in the apical third after the 

retreatment procedure. The micro-CT technology allows for a detailed analysis of the roots 

before performing any endodontic procedure (22, 23).  

 

Figure 2. Micro-CT image of the remaining filling material inside the root canal (arrow). 



38 
 
 

 

 Some factors may alter the ex- vivo dentin structure leaving the search results 

vulnerable. For example, the storage conditions are known to affect the incidence of dentinal 

cracks before and during endodontic procedures (24, 25). In this study, the dental specimens 

were stored in artificial saliva at 37°C throughout the study period because they are needed to 

be well hydrated for simulating clinical circumstances. The use of irrigating substances, such as 

NaOCl, during the endodontic process can also induce defects in the dentinal surface (26). In 

this study, 10% citric acid was chosen because EDTA (17%) has been shown to induce 

significant demineralization in the old root dentin during the final irrigation (27). The 

simulating periodontal ligament is another means of minimizing the effect of defect-causing 

factors to neutralize the impact on the dentin during the endodontic procedures (13). In addition, 

some studies have reported about the effect of rotary and reciprocating system files on the 

incidence of dentinal defects during endodontic procedures (7, 22, 28). 
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 Several studies have shown that the choice of the instrument used in the removal of the 

filling material has an influence on the formation of dentin defects (7, 8, 13, 18, 19, 22-26). The 

choice of the instrument was based on studies that showed that the reciprocating system caused 

less damage to the dentin structure and efficiently removed the filling material. The REC file is 

safe for the removal of fillings in straight root canals requires short periods of time during the 

retreatment procedure, and the file can be kept more centered in the canal (9, 29-32). The REC 

R25 file was used according to the anatomy of the chosen specimens. 

To increase our knowledge, this ex- vivo study evaluated the remaining filling material 

taking into account the presence of dentinal cracks and whether there was any correlation 

between the young and the old root dentin. Although the literature describes that young 

hydrated dentin presents certain mechanisms that contribute to the dissipation of energy and 

resistance to the development of cracks on the surface and that the crack resistance of human 

dentin decreases with tissue age and dehydration (4, 5), the present study has indicated through 

the retreatment analysis by micro-CT that Group O showed more presence of cracks than Group 

Y, but with no significant difference (P > 0.05). 

The removal of the filling material from the root canal can be influenced by the 

anatomy of the chosen type of teeth. The studies of Rosa et al. (17) and Taha et al. (21) 

evaluated the removal of the filling material due to curvature complexity. In the present study, 

single-rooted, lower incisor and lower canine teeth were chosen as they have straight roots, 

which reduce the curvature variables, which could cause complications in the retreatment 

process. It is worth mentioning that the influence of the dentin age was a differential parameter 

in the proposed methodology. A greater percentage of the removal of the filling material was 

observed in the Group O that had cracks, although not statistically significant (P > 0.05). The 

results of the present study suggest that dentin age along with the presence of cracks does not 

interfere with the removal of the obturator material. 
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CONCLUSION 

Within the limitations of the present study, the dentinal age and the presence of cracks 

were not found to be relevant factors for the removal of the filling material. 
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4 - CONCLUSÕES 
 

 O uso das limas Reciproc não apresentou diferença significante na 

geração de trincas tanto na dentina jovem quanto na idosa. 

 

 A lima ProTaper Universal Retreatment causou um significante aumento 

na formação do volume de trincas na dentina idosa. 

  

 A idade dentinária e a presença de trincas não foram fatores relevantes 

na remoção do material obturador do interior dos condutos radiculares. 
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