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Introducéo

A preservacao e manutencdo da estrutura dentinaria, durante a realizacdo do tratamen-
to endoddntico, influencia diretamente na sobrevida dentéria. Segundo Sabetiet al. (2018), o
tipo de acesso cavitario e a instrumentacdo do canal radicular podem influenciar a resisténcia
a fratura nos dentes tratados endodonticamente.

A cavidade de acesso endodéntico convencional recomenda a remocdo completa do
teto da camara, tentando a penetracdo mais retilinea do instrumento endodéntico no canal
radicular, a fim de melhorar a eficiéncia da instrumentacdo e minimizar o risco de acidentes
(Schroeder et al. 2002; Patel, Rhodes, 2007). No entanto, isso geralmente resulta em maior
remocao de tecido da coroa dentaria. Quanto maior a perda de estrutura, menor a resisténcia a
fratura do dente (Tang et al., 2010).

Uma abordagem alternativa para o acesso endodontico tradicional é a cavidade mini-
mamente invasiva (Gluskinet al., 2014; Brklein; Shafer, 2015), que enfatiza uma maior pre-
servagdo do tecido dental saudavel durante a abertura coronariana do estagio. Krishanet al.
(2014) observaram que o desempenho de uma menor cavidade de acesso diminui a forca de
fratura necessaria nos pré-molares e molares quando comparada a abertura coronéaria conven-
cional.

Por outro lado, o design de um acesso endodontico mais conservador pode influenciar
0s principios desejados no estagio de preparo quimico mecanico. O acesso minimamente in-
vasivo pode levar os instrumentos endodénticos a trabalhar principalmente na superficie in-
terna do canal radicular, resultando na ocorréncia de transporte apical. Estudos recentes mos-
traram que o transporte do canal radicular afeta negativamente o progndstico a longo prazo
devido a remocdo excessiva da dentina e a retificacdo da curvatura do canal original
(Burklein, Schafer, 2013, Elnaghy, Elsaka, 2014). Assim, o presente estudo tem como objeti-
vo avaliar se a conformacéo da cavidade de acesso endodontico realizada em molares superio-
res influencia na eficacia da instrumentacéo, na area preparada, na ocorréncia de transporte e

na centralizacao.



Resumo

Introducdo: O formato do acesso coronério do tratamento endodéntico pode influenciar a
longevidade clinica da fratura do dente a ser tratado, principalmente por estar correlacionada
com maior desgaste e fragilidade de sua estrutura. Objetivos: Avaliar se a conformacao da
cavidade de acesso endodéntico em molares afeta a eficcia da instrumentacdo na acdo dos
instrumentos no interior do canal radicular durante a realizacdo do preparo quimico-mecanico.
Método: Foram utilizados 20 canais mesiovestibulares dos molares superiores, com compri-
mento, grau e raio de curvatura padrdo em todas as amostras. Os canais foram divididos alea-
toriamente em dois grupos experimentais (n = 10), de acordo com o tipo de acesso endodonti-
co analisado (abertura convencional e minimamente invasiva). Os preparativos foram feitos
por um unico operador. Os canais foram preparados com o sistema Logic, e o instrumento
apical final, no comprimento de trabalho (PA), foi padronizado no Logic n° 25 tapper .04.
Para verificar a &rea de dentina removida, o transporte e a centralizagdo no canal, foram reali-
zadas imagens de tomografia computadorizada, antes e apds a instrumentacdo. A anélise foi
realizada em cortes axiais previamente identificados em duas posi¢bes pré-determinadas no
canal radicular: 3 mm da entrada do canal e 3 mm do apice dentario, com o auxilio do pro-
grama OnDemand3DTM Dental. Para analise estatistica, foi utilizado o Teste T de Student,
com nivel de significancia de 5%. Resultados e Conclusfes: Independentemente da posicdo
dos canais analisados, ndo houve diferenca na area preparada, na ocorréncia de transporte e
centralizagdo do instrumento endoddntico entre os dois tipos de acessos coronarianos realiza-
dos. Embora, na posicdo mais préxima ao terco cervical do canal, tenha sido observada uma
maior tendéncia ao desgaste da dentina em dentes cujo acesso endoddntico era convencional.
Palavras-chave: acesso endoddntico, instrumentos minimamente invasivos, niquel-titanio,

preparo de canais radiculares, tomografia computadorizada.
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Abstract

Introducion: The form of coronary access and endodontic treatment may influence the clini-
cal longevity of the fracture of the tooth to be treated, mainly because it is correlated with a
greater wear and fragility of its structure. Objectives: To evaluate if the conformation of the

endodontic access cavity in molars the impact of on instrumentation efficacy the action of the
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instruments inside the root canal during the accomplishment of the mechanical chemical
preparation. Method: Twenty mesiobuccal canals of maxillary molars were used, with stand-
ard length, degree and radius of curvature among all the samples. The canals were randomly
divided into two experimental groups (n = 10), according to the type of endodontic accessana-
lyzed (conventional and minimally invasive opening). The preparations were made by a single
operator. The canals were prepared with Logic system, and the final apical instrument, in the
working length (WL), was standardized in Logic n°® 25 taper .04. To verify the area of dentin
removed, transport and centralization in the canal, micro-computed tomography images were
taken, before and after instrumentation. The analysis was performed on axial sections previ-
ously identified in two predetermined positions in the root canal: 3 mm from the canal en-
trance and 3 mm from the dental apex, with the aid of the OnDemand3D™ Dental program.
For statistical analysis, Student's T-Test was used, with a significance level of 5%. Results
and Conclusions: Regardless of the position of the analyzed canals, there was no difference
in the prepared area, in the occurrence of transport and centralization of the endodontic in-
strument between the two types of coronary accesses performed. Although, in the position
closest to the cervical third of the canal, a greater tendency was observed for dentin wear in
teeth whose endodontic access was conventional.

Keywords: endodontic access, minimally invasive, nickel-titanium instruments, root canal

preparation, micro-computed tomography.

Introduction

The preservation and maintenance of the dentin structure, during the accomplishment
of the endodontic treatment, directly influences the dental survival. According Sabeti et al.
(2018), the type of cavitary access and instrumentation of the root canal can influence the
fracture resistanceendodontically treated teeth.

The conventional endodontic access cavity recommends the complete removal of the
chamber roof, attempting the most rectilinear penetration of the endodontic instrument into
the root canal in order to improve the efficiency of the instrumentation and to minimize the
risk of accidents (Schroeder et al. 2002; Patel, Rhodes, 2007). However, this usually results in
further removal of tissue from the dental crown. The greater the loss of structure, the lower
the fracture resistance of the tooth (Tang et al., 2010), as there will be a weakening of tissue
stiffness (Lang et al., 2006).

An alternative approach for traditional endodontic access is the minimally invasive

cavity (Gluskin et al., 2014; Burklein; Shéfer, 2015), which emphasizes a greater preservation
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of healthy dental tissue during the stage coronary opening. Krishan et al. (2014) observed that
the performed of a smaller access cavity increases the necessary fracture force in premolars
and molars when compared to the conventional coronary opening.

On the other hand, the design of a more conservative endodontic access can influence
the principles desired in the stage of mechanical chemical preparation. The minimally inva-
sive access may cause the endodontic instruments to work mainly on the inner surface of the
root canal, resulting in the occurrence of apical transport. Recent studies have shown that
transport of the root canal adversely affects the long-term prognosis because of excessive den-
tin removal and rectification of the original canal curvature (Burklein, Schéafer, 2013,
Elnaghy, Elsaka, 2014). Thus, the present study aims to evaluate if the conformation of the
endodontic access cavity performed in upper molars influences in the instrumentation effica-

cy, in the prepared area, in the occurrence of transport and in the centralization.

Methods

This study was approved by the Research Committee of the Faculty of Dentistry of
UFRGS and by the Research Ethics Committee of the same institution (Protocol CAAE
89366618.0.0000.5347).

Samples selection

Twenty third human permanent upper molarswere used in the study. The teeth pre-
sented crown similar dimensions and degree and radius of curvature of the root canals among
all the samples. The buccal-palatal (BP) and mesio-distal (MD) dimensions of each tooth
were recorded using a digital caliper (Mitutoyo, Suzano, Sao Paulo, Brazil). Only teeth with
the following dimensions were selected: BP width (11 mm + 1 mm) and MD width (9.5 mm +
1 mm).

Teeth with previous endodontic manipulation, presence of dental resorptions, incom-
plete rhizogenesis, calcific root canals, and root fractures were excluded from the sample.

The sample size was estimated based on the study by Moore et al. (2016) with o =
0.05 and 80% power in which at least 10 teeth were allocated in each of the two experimental

groups: conventional access and minimally invasive access.

Endodontic Access Cavity
In the teeth of the conventional access group, coronary opening followed the basic

principles by Torabinejad and Walton (2010); in which the roof of the pulp chamber is com-
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pletely removed. For this, a spherical diamond tip no. 1012 (KG Sorensen, Barueri, S&o Pau-
lo, Brazil)and Endo Z tip (Dentsply / Maillefer, Ballaigues, Switzerland) were used.

On the other hand, in the minimally invasiveaccess group, endodontic access was min-
imally invasive. With the help of a clinical microscope (D.F. Vasconcellos, Valenca, Rio de
Janeiro, Brazil), access to a pulp chamber was made in the central fossa main per occlusal,
perpendicular to the long axis of the tooth, with a spherical diamond tip no. 1016 (KG
Sorensen, Barueri, So Paulo, Brazil).

After access to the pulp chamber, the entrance of themesiobuccal, distobuccal and pal-
atal root canals was located with the aid of a Rhein catheter no. 3 (Golgranindustria e Comé-

rcio de Instrumental Odontoldgico Ltda., Sdo Paulo, S&o Paulo, Brazil).

Endodontic instrumentation

Initially, canals were negotiated with an endodontic instrument type K no.
10(Dentsply/Maillefer Instruments S.A., Ballaigues, Switzerland), until the tip of the instru-
ment was juxtaposed with the foraminal outlet. From the length measured on the instrument
in this condition, 1 mm was reduced, determining the WL.

The mechanical chemical preparation of the root canals was performed using instru-
ments from the ProDesign Logic system (Easy Odontological Equipment, Belo Horizonte,
Minas Gerais, Brazil). After the exploration of the root canal with the typeKendodontic in-
strument no. 15, the Logic rotary instrument no. 25 taper .01 was used in the electric motor
(Easy Dental Equipment, Belo Horizonte, Minas Gerais, Brazil) with a speed of 350 rpm and
torque of 1N, to effect patency. Then, for sequence of the preparation of the canals, the Logic
instruments were used successively no. 15 taper 03 (350 rpm speed and 2N torque) and Logic
no. 25 taper .04 (950 rpm speed and 4N torque) in the WL.

The intraradicular irrigation process during instrumentation was performed with 2.5%
sodium hypochlorite solution (lodontosul - Industrial Odontoldgica do Sul LTDA, Porto Ale-
gre, Brazil).

The endodontic preparation was performed by a single operator trained to use this ro-
tational system. Each set of instruments was used for the preparation of five molars from the
same experimental group.

After completion of the preparation, the canal was filled with 17% trisodium EDTA
(lodontecInddstria e Comércio de ProdutosOdontoldgicosLtda., Porto Alegre, Rio Grande do
Sul, Brazil) and the solution was activated for two minutes with endodontic instrument type

Kno. 15. Then, the EDTA was removed with 2 mL of distilled water and dried the canals us-
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ing absorvent paper points no. 25 (Tanarilndulstria Ltda., Manaus, Amazonas, Brazil) in the
WL.

Micro-computed tomography (micro-CT)

The SMX-90CT Plus (Shimadzu®) microtomograph was operated with 70 kV, 100
UA, FOV (XY) 13.3 mm, FOV (Z) 7.0 mm and Voxel size 0.013 mm/Pix.

The teeth were submitted to scanning in the microtomograph in two moments: pré and
post instrumentation. A support model made using ExpressTM XT Putty Soft (3M ESPE, St.
Paul, MN - USA) addition silicone was used in order to standardize the individual positioning
of the teeth in the microtomograph.

The analysis of the wear area, transportation and centering ability with the preparation
was made in the mesiobuccal root of all teeth.With the slices obtained from the dental root,
the analyzes were performed in two predetermined positions in the root canal: 3 mm from the

canal entrance (Position A) and 3 mm from the dental Apex (Position B).

Analysis of the wear area in root canal preparation/ volume dentin removed

The wear area was calculated using axial cutting of micro-CT, which were manipulat-
ed by the Image J program (Fiji, Madison, EUA).

To calculate the canal area value, the tool area of the program was selected; its prima-
ry function was to highlight the contour of the region to be measured. The wear area was cal-

culated based on the difference of the canal area before and after instrumentation.

Analysis of transportation and centering ability

The analysis of transportation and centering ability of the preparation was performed
in a linear mesiodistal direction of root canal.

For this, the formula described by Gambill et al. (1996) was used. The transport was
calculated as follows: (X1 — X2) — (Y1 — Y2).X1 represents the shortest distance from the
distal portion of the root to the periphery of the unprepared canal;X2 represents the shortest
distance from the distal portion of the root to the periphery of the prepared canal;Y1 repre-
sents the shortest distance from the mesial portion of the root to the periphery of the unpre-
pared canal; and Y2 represents the shortest distance from the mesial portion of the root to the
periphery of the prepared canal.A result of zero indicated no canal transport; a positive result
indicated the transport toward the distal region of the root; and a negative result indicated

transport toward the mesial region of the root. The centering capacity was calculated using the
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following formula: (X1 — X2)/(Y1 —Y2) or (Y1 — Y2)/(X1 — X2). The numerator of the for-
mula was the lowest number found when the values were unequal. The resulting values closer
to 1 indicated a better centralization capacity and the values closer to O indicated a lower cen-

tralization capacity.

Statistical analysis

The Shapiro-Wilk test was used to evaluate the normality of the data. For the compari-
son of the groups, for the dentin wear due to mechanical chemical preparation, Student's t-test
was used. The level of significance was 5% (P < 0.05) with the GraphPadPrism 7 (GraphPad
Software Inc., San Diego, CA, EUA) program.

Transportation and centralization of the preparation were analyzed using the mean and
standard deviation of the samples and application of the formulas described above to observe
these factors.

The null hypothesis was that there is no statistical difference in the design of the endo-
dontic access cavity in relation to the rotatoryinstrumentationof the root canals, in the pre-

pared area, in the occurrence of transport and in the centralization.

Results

The mean and standard deviation of the root canal preparation area at the two positions
analyzed is shown in figure 1. Regardless of the analyzed position, there was no difference in
the area prepared by the instrument between the two experimental groups. Only in the posi-
tion closest to the cervical third of the canal (position A) there is a trend towards greater den-

tinal wear in teeth whose endodontic access was conventional.

Figure 1 -Analysis of the two types of endodontic access in relation to the preparation area of

the root canal.

Position A Position B
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Conventional Conservative Conventional Conservative
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Means followed by distinct capital letters in the column differ significantly by means of the Student's t-test, at the significance level of 5%.
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Figure 2 shows the results referring to wear on the vestibular face of the root canal

according to the type of endodontic access performed. Regardless of the position analyzed,

there was no difference in wear on the vestibular face of the root canal during instrumentation

between the two experimental groups. Only in the position closest to the cervical third of the

canal (position A) there is a tendency for greater vestibular wear in teeth whose endodontic

access was conventional.

Figure 2-Analysis of the two types of endodontic access in relation to the wear of the vestibu-
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Means followed by distinct capital letters in the column differ significantly by means of the Student's t-test, at the significance level of 5%.

The occurrence of transport and centralization of the preparation in the two types of

endodontic accesses are expressed

in tables 1 (Position A) and 2 (Position B).

Regardless of the type of endodontic access performed, the instruments presented a capacity

of centralization in the preparation, without occurrence of transportation.

Table 1 - Analysis of the two types of endodontic access with regard to centralization and

transportation in the preparation in position A.

Typeofendodonticaccess

Positionsanalyzed in axial section

Transportation

(X1-X2)

(Y1-Y2)

(X1-X2) - (Y1-Y2)

Centralization
(X1-X2) / (Y1-Y2)

MeanSD Mean SD Mean Mean
Conventional Access 0.120 0.012 0.128 0.012 -0.008 0.93
Conservative Access 0.118 0.020 0.122 0.024 - 0.004 0.96
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Table 2 - Analysis of the two types of endodontic access with regard to centralization and

transportation in the preparation in position B.

Positionsanalyzed in axial section

Transportation

Centralization

Typeofendodonticaccess (X1-X2) - (Y1-Y2) | (X1-X2)/(Y1-Y2)
(X1-X2) (Y1-Y2) Mean Mean
Mean SD Mean SD
Conventional Access 0.053 0.024 0.056 0.024 -0.003 0.94
Conservative Access 0.077 0.009 0.079 0.012 -0.002 0.97

Discussion

The purpose of minimally invasive endodontic access is to preserve a greater amount
of healthy dental structure, resulting in a better prognosis of the tooth when subjected to cy-
clic occlusal loads(Pereira et al., 2013; Plotinoet al., 2017).0On the other hand, this type of
access should not hamper the performance of mechanical chemical preparation.

The method chosen for analysis of root canal instrumentation was micro CT. This
method provides greater precision, validity and reproducibility of the generated data (Saberi et
al., 2017; Silva et al., 2017).

As regions analyzed in the study were defined the axial cuts located in the cervical and
apical thirds of the canals. Excessive instrumentation of the cervical third of the canals may
cause root weakening or even cause some type of accident in the region (Peterset al., 2014).
Therefore, for analysis of the cutting action caused only by the endodontic instrument, no type
of drill was used for cervical pre-dilatation. The choice of the apical third for analysis has
been made, since the correct cleaning and shaping area are directly related to the success of
the endodontic treatment (Antunes et al., 2015).The apical transport favors the maintenance of
microorganisms and organic tissue remnants in the dentin walls, compromising the disinfec-
tion as well as the sealing of the root canal system (Wu et al., 2000).

The null hypothesis that there would be no statistical difference in the type of endo-
dontic access in relation to the rotatory preparation of the root canals was accepted. Theoreti-
callythat with the accomplishment of the minimally invasive access there would be a greater
difficulty of the endodontic instrument to work in all extension of the canal, mainly due to the
difficulty of access and coronary interferences on the act of instrumentation.In the study it can
be observed that, independently of the region analyzed in the root canal, there was no differ-
ence in the prepared area, in the occurrence of transport and centralization of the endodontic
instrument between the two types of coronary accesses tested. Moore et al. (2016) also did not

observe any difference in mechanical chemical preparation between the two types of endo-
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dontic accesses.In addition, the authors verified that the instrumentation modified 49% -59%
of buccal canal walls of upper molars, corroborating the limited efficacy of enginedriven in-
struments previously shown in all tooth types.

On the other hand, Alovisi et al. (2018) observed a greater displacement of the instru-
ment in the central region of the root canal in the teeth submitted to minimally invasive endo-
dontic access.According to the researchers, with the presence of occlusal interferences present
in the more conservative access, there is a greater number of pecking motions for the instru-
ment to reach the WL, thus, a greater probability of the instrument to correct the curvature of
the root canal and to cause the apical transport.

The final apical instrument of the study was standardized Logic n°® 25 taper .04, differ-
ently from Moore et al. (2016) that defined the last instrument in the WL being the V-
Taper2H rotary instruments (SSWhite Dental) no. 20 taper .06. According to Harris et al.
(2013), the use of endodontic instruments of smaller caliber and conicity in the preparation of
the root canal reduces the occurrence of deviations and apical accidents.

Pinheiro et al. (2018) analyzed the occurrence of transport and centralization in lower
molar mesial canals performed with the following rotary systems: Protaper Gold®, Prodesign
S®, Hyflex CM®, Hyflex EDM® and Logic®.The authors verified that the Logic® system
presented the lowest value of apical transport, but without significant difference in relation to
the other systems tested (P> 0.05).This, in a way, corroborates the data obtained in our study
with this same type of rotating instrument. Studies such as that of Birklein et al. (2014) and
Marceliano-Alves et al. (2005), demonstrated that heat-treated NiTi instruments promoted
lower values of transport at the apical level.

Another fact that although not presented statistical difference and that was observed in
the study is a greater tendency to wear of the dentin in the cervical third of the canal in the
teeth submitted to the conventional endodontic access in relation to the minimally inva-
sive.This finding can be justified by the kinematics of brushing motions against the canal
walls during instrumentation, since there was no occlusal dentin interference that made this

preparation movement difficult.

Conclusions
According to the proposed objectives, regardless of root canal analysis, there was no
difference in the prepared area, in the occurrence of transport and centralization of the endo-

dontic instrument between the two types of coronary accesses. Conventional endodontic ac-
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cess showed a greater tendency for dentin wear in the cervical third of the canal in relation to

minimally invasive access.
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