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Abstract

Objectives: This present study was designed to introduce the evolution of access cavity in
endodontics and summarize the previous studies. Furthermore, it evaluated the indication of
different type of access cavity by comparing the previous studies.

Methodology: Only the studies regarding conservative endodontic access cavity from 2010
to 2020 were included. The exclusion criteria for the studies were publication year before
2010 or collected sample less than 30 teeth. Finally, 15 studies were selected through
Pubmed.

Results: Conservative endodontic cavity benefits the preservation of dentin; however, there
are more studies stated that conservative endodontic cavity has no positive impact on
fracture strength of the tooth. Besides, Conservative endodontic cavity might compromise
the detection of extra canals and complicate the manipultaion of instumentation and
obturation. Further studies are required due to the drawbacks and limitations of previous
studies.

Conclusion: Within the limitations of the studies so far, no positive impacts have been found
utilizing Conservative endodontic cavity in incisors, and there are no clear benefits using
Conservative endodontic cavities in all respects. In addition, considering that most of the
studies found no positive impacts regarding fracture resistance of Conservative endodontic
cavities and given the complicated manipulation of Conservative endodontic cavities.
Nowadays, the use of traditional endodontic cavity in daily practice is sufficient to solve
most of the cases. There is a lack of supporting evidence to promote conservative
endodontic cavities in clinical practice and no adequate reasons to develop the training of
this technique in dental clinicians. In short, the use of conservative endodontic cavities is not
necessary in all type of teeth until the further randomized controlled trials existed in the
future.

Key words: traditional endodontic cavity, contracted endodontic cavities, ninja, truss,

fracture resistance, instrumentation efficacy, transportation.



Resumen
Objetivos: El presente estudio fue disenado para presentar la evolucion de la cavidad de
acceso en endodoncia y resumir los estudios previos. Ademas, evalué la indicacion de
diferentes tipos de cavidad de acceso comparando los estudios anteriores.
Metodologia: Solo se incluyeron los estudios sobre la cavidad de acceso endoddntico
conservador de 2010 a 2020. Los criterios de exclusidn para los estudios fueron el afio de
publicacion antes de 2010 o la muestra recolectada de menos de 30 dientes. Finalmente, se
seleccionaron 15 estudios a través de Pubmed.
Resultados: La cavidad de acceso endoddntico conservador beneficia la preservacién de la
dentina; sin embargo, hay mas estudios afirmaron que la cavidad endoddntica conservadora
no tiene un impacto positivo en la resistencia a la fractura del diente. Ademas, la cavidad
endododntica conservadora podria comprometer la deteccidn de canales adicionales y
complicar la manipulacion de la instumentacion y obturacion. Se requieren mas estudios
debido a los desventajas y limitaciones de los estudios anteriores.
Conclusion: Segun los estudios hasta ahora, no se han encontrado impactos positivos
utilizando la cavidad endodédntica conservadora en los incisivos, y no hay beneficios claros
con la utilizacion de las cavidades endoddnticas conservadoras en todos los aspectos.
Ademas, considerando que la mayoria de los estudios no encontraron impactos positivos
con respecto a la resistencia a la fractura de las cavidades endoddnticas conservadoras y
dada la complicada manipulacién de las cavidades endoddnticas conservadoras. Hoy en dia,
el uso de la cavidad endoddntica tradicional en la practica diaria es suficiente para solucionar
la mayoria de los casos. Existe una falta de evidencia de apoyo para promover las caries
endoddnticas conservadoras en la practica clinica y no hay razones adecuadas para
desarrollar la formacidn de esta técnica en los odontdélogos. En resumen, el uso de cavidad
endoddntica conservadora no es necesario en todo tipo de dientes hasta que existan mas

ensayos controlados aleatorios en el futuro.

Palabras clave: cavidad endododntica tradicional, cavidade endoddntica conservadora,

ninja, truss, resistencia a la fractura, eficacia de la instrumentacion.
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Introduction:

Historically, endodontically treated teeth are more breakable and have a higher

possibility of fracture compared with vital teeth(1-3). A large number of risk factors are

involved, including quantity of the substance loss, dehydration of dentine after treatment,

different filling technique, post selection(1,4,5). Preparation of access cavity is the most

challenging and a vital step in endodontic treatment.

Design of access cavity would affect the quantity of the substance loss, since the 1980s,

the concept of “complete unroofing of the pulp chamber and straight-line access to the level

of the mid-root canal curvature” has been promoted, which nowadays called the “traditional

endodontic cavity” (TEC) (6). Its principles include:

e The removal of all carious dentin and defective restorations(7)(8).

® The outline form(7,8).

® The convenience form(7,8).

* The “toilet” cleaning of the cavity.

* The extension for prevention (7).

In traditional endodontic cavity preparation, the initial penetration should be on the center

of the pulp chamber(8). Outline form can be considered as a projection of the internal



anatomy to the external surface. There are three factors determine the outline form: size of

pulp chamber, shape of pulp chamber, number and direction of root canal. Then, achieving a

straight line access from occlusal surface to the apical foramen is the main objective of

convenience form to improve visibility and following instrumentation(9). The toilet cleaning

of the cavity pointed out that to avoid obstruction of the root canal, removing debris and

necrotic substance by irrigation is crucial and indispensable. The extension for prevention is

accomplished by sacrificing additional tooth structure to prevent iatrogenic

complications(8).

The traditional access cavity provided some benefits, such as the improved visibility,

the better management during cleaning, shaping, and obturation procedures, the enhanced

exploration of the canal openings(7,10). It remained dominant and has been unchanged for

decades. Nevertheless, a concern regarding TEC is the excessive removal of the sound tooth

structure might lead to future fracture or deformability of the tooth(8,11).

In order to avoid it, the endodontic access cavity design has been modified first by Clark

and Khademi to minimize the tooth structure removal and this nowadays was known as the

Conservative Endodontic access Cavity (CEC), which emphasizes

e Partial deroofing of the pulp chamber(6).

e Conservation of the maximum amount of peri-cervical dentin in posterior teeth



ePreservation of the peri-cingulum dentin in anterior teeth.

eFormation of soffit(7,12,13).

Conservative Endodontic access Cavity overlooks the concept of straight-line access and

complete unroofing of the pulp chamber and aims to be least invasive and preserve the

tooth structure as much as possible(6,14). Peri-cervical dentin is the dentin located 4 mm

above and 4 mm below the CEJ(15—17). It is mainly responsible for distribution of the

occlusal force to the root; hence, it is major contributing factor in improving fracture

strength of the tooth and it is irreplaceable by any other material(13). In anterior teeth,

there is an area called peri-cingulum dentin. The forces are concentrated at the cingulum

when the upper front teeth are burdened in mastication; therefore, it acts as a cushion and

it is crucial for the strength of the tooth(13,18). Soffit is a little segment of pulpal roof

encircling the total coronal portion of the pulp chamber(13). If it is removed, the

surrounding peri-cervical dentin may be damaged(12); in addition, the main reason to

preserve soffit is to avoid gouging of the lateral walls(13).

Conservation of the pulp horns and slightly convergent walls occlusally beveled is one

of the keys of CEC, so that the floor of pulp chamber and the orifices of the root canal are

viewed from different angulation(7,19,20). While performing a conservative access cavity,



the opening should be as conservative as possible without a predetermined shape from the

beginning, until it is necessary to enlarge the cavity to achieve a better visibility (7).

As time goes by, these principles have been interpreted by creating different access

cavities(12). For instance: Truss access, Ninja Endodontic Access Cavity, Caries leveraged

access, Calla Lily Enamel Preparation, Guided endodontic access, Dynamic Guided

access(12).

Truss access consists of separate cavities directed to each canal orifice, rather than

removing whole pulp chamber roof. The principle of this access cavity is to preserve the

dentin in between the cavities which strengthening the remaining tooth structure(21). More

specifically, in case of a premolar, we could prepare the buccal and palatal canal separately

by preparing two openings in buccal and palatal parts of the occlusal surface leaving an

intact tooth structure between the two openings. In case of a mandibular molar, the

mesiobuccal canal and the mesiolingual canal could be prepared in a single opening, and the

distobuccal canal and the distolingual canal could be prepared in the other opening,

therefore, the intact tooth structure in between can reinforce the strength of the walls.

Nevertheless, the drawbacks of truss access include time consuming, compromising the

debridement efficiency, and inaccuracy which may lead to gouging, perforation, more

instrument breakage(6).



Truss access cavity (13)

The objective of ninja cavity is to perform a small hole on the occlusal surface and all of

the canal orifice can be localized successfully (22). It usually starts from the central fossa,

then conically towards the canal orifices(22)(23). In the case of anterior teeth, if attrition or a

deep concavity is presented in the lingual surface of the crown, the access can be carried out

in the middle of the incisal edge, and parallel to the long axis of the tooth. (19)(24)

Ninja access cavity(13)



In caries leveraged access, tooth structures of no value or low value including tertiary

dentin, undermined enamel, caries, and restorations can be used as a starting point and be

removed for access preparation. Direct conservation of healthy dentin and removal of

discontinuities in tooth structure can be achieved in this access design.(12)

Caries leveraged access cavity in lower first molar(12)

In Cala Lilly preparation, shape of the access appears like calla lily flower. In this

preparation a bevel (45 degree) is made on the enamel portion of access cavity to remove

undermined enamel. The majority of occlusal surface is involved, therefore, it improves the

resistance and strength of the access preparation (12).




Cala lilly preparation(13)

In “Guided Endodontics” method, 3D printing technique is used to achieve minimal

invasive access to root canals. Intraoral scanning is done followed by CBCT scanning. Virtual

drill path is then planned on the computer screen which is designed by combining the data

from intraoral scanning and CBCT and virtual sleeve is made for the guiding of the bur(13).

The template is printed with 3D printer and attached to model. Then the preparation is

made with specifically designed bur(12).

Dynamic guidance was proposed by Dr. Maupin as a solution for the difficulties in the

use of static drill guides in guided endodontics(25). It uses an overhead three dimensional

camera system (X-NAV System) which helps to immediately present the position of the

patient’s jaw and the bur in 3D during the clinical procedure (12). It has significant

advantages over guided endodontic access which lacks inter-occlusal distance and needs

waiting time for the preparation of a 3D printed guide (25).

Broadly speaking, CECs avoid the excessive invasiveness of tooth structure and enhance

the fracture resistance; however, some concerns may be identified, it might

e Compromise the efficacy of root canal instrumentation in lower molars(11)(26).
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¢ Increase the possibility of mishaps of root canal, such as transportation, perforation, and

ledging of the canals(6).

* Make subsequent obturation of root canal and coronal restoration more complicated.

e Require longer instrumentation time

So far, there is no randomized controlled trials to support that Conservative Endodontic

access Cavities participate in the durability and lifespan of the teeth(7). Furthermore, there

are studies suggesting that CECs don’t have a positive effect regarding fracture strength of

the tooth(14,27). Given the doubt existed and the difficulties during CEC procedure, whether

the benefits of CEC outweigh the risks is still controversial(6).

Objective:

This present study was designed to

eIntroduce the evolution of access cavity in endodontics.

eSummarize the previous studies given that some results of the studies are contrary, and it

might be doubtful for the readers.
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eEvaluate different type of access cavity by comparing the previous studies.

*Make a conclusion regarding the indication of each technique and analyze the benefits and

drawbacks of each technique.

Methodology:

Given that the topic was “New trends in designing access cavity in endodontics”, only

the studies regarding conservative endodontic access cavity from 2010 to 2020 were

included. The exclusion criteria for the studies were publication year before 2010 or

collected sample less than 30 teeth. Key words: traditional endodontic cavity, contracted

endodontic cavities, ninja, truss, fracture resistance, instrumentation efficacy, transportation.

Around 15 studies were selected through Pubmed with the university account and

downloaded in Mendeley so that citation and references could be inserted correctly with

Vancouver style. The studies including the experiment of different access cavity are listed in

the following table, and its’ results will be analyzed in the discussion.

12



Incorporating Journal Publication year Number of subjects

authors

CorsentinoG, Journal of 2018 One hundred

PedullaE, CastelliL, Endodontics mandibular first

LiguoriM, molar teeth

SpicciarelliV,

MartignoniM(22)

OzyT, OzsezerE(14) 2018 One hundred
extracted
mandibular first
molar

MooreB, Verdelisk, Journal of 2016 Fifty-nine extracted

KishenA, DaoT, Endodontics intact maxillary

FrcdC, molars

FriedmanS(27)

Chih-Yu Lin, Dan Lin, | Journal of 2020 Forty-five intact

13




Wei-Hung He(6)

Endodontics

extracted teeth

were selected

AlovisiM, Journal of 2018 Thirty extracted
PasqualiniD, Endodontics human mandibular
MussoE, BobbioE, molars
GiulianoC,

MancinoD(17)

A. F. A. Barbosa, E. J. 2020 Thirty extracted
N. L. Silva, B. P. intact mandibular
Coelho, C. M. A. molars

Ferreira, C. O. Lima

& L. M. Sassone(26)

KrishanR, PaquF, 2014 Ninety extracted

OssarehA,

KishenA(28)

Intact maxillary

central incisors,

mandibular second

premolars, and

mandibular first

14




molars

PlotinoG, Journal of 2017 One hundred and

GrandeNM, IsufiA, Endodontics sixty extracted

loppoloP, PedullaE, maxillary and

BediniR(29) mandibular molars
and premolars

Gokhan Saygili, Banu 2018 Sixty extracted

Uysal, Bawar Omar, maxillary first molars

Elif Tarim Ertas,

Huseyin Ertas(30)

Gaya C. S. Vieira, Journal of 2020 Sixty-two

Alejandro R. Perez, Endodontics mandibular incisors

Flavio R. F. Alves(31)

Almira Isufi, Journal of 2020 One hundred and

Gianluca Plotino,

Nicola M. Grande,

Luca Testarelli(32)

Endodontics

twenty extracted

maxillary and

mandibular molars

and premolars
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Results:

Rajesh Krishan et al, 2014(28) The mean load at fracture:

Premolars with CEC (586+-116.9N) and with

TEC (328+-56.7N).

Molars with CEC (1586+-196N) and with

TEC (641+-62N)

A. F. A. Barbosa et al, 2020(26) The average failure load

TEC group 748+-238 N

CEC group 971+-377 N.

Brent Moore et al, 2016(27) Mean proportion of the modified canal wall

CECs (49.7%+-12.0%)

TECs (44.7%+-9.0%)

Mean load at failure

16




CECs (49.7%+-12.0%)

TECs (44.7%+-9.0%)

Gaya Cet al, 2020(31)

Number of bacteria-positive samples

CEC group (25/29, 86%)

TEC group (14/28, 50%)

Mario Alovisi et al, 2018(17)

Mean volume of removed dental tissue

CEC group (23.01+-7.4 mm3)

TEC group (53.2+-8.9 mm3)

Mean number of pecking motions required

TEC group (3.6+-1.6)

CEC group (5.1+-2.2)

Gianluca Plotino et al, 2017(33)

Mean load at fracture

Upper premolars with TEC (around 498)

Upper premolars with CEC (around 821)

Upper molars with TEC (around 810)

Upper molars with CEC (around 1143)

T. Ozy et al, 2018(14)

Fracture loads of the roots

TEC + EverX Posterior (971.03+-114.28N)

17




CEC + EverX Posterior (1008.25+-216.83N)

TEC + SDR (1451.92+-205.39N)

CEC + SDR (1674.07+-238.36N)

Almira Isuf et al, 2020(32) Percentage of volume of dentin and enamel

removed

CEC group (up to 15%)

TEC group (more than 15%)

Discussion:

Rajesh Krishan et al, 2014(28) evaluated the impacts of CEC on different teeth. In the

study, mechanical efficacy of canal instrumentation is evaluated with micro—computed

tomographic (micro-CT) imaging. Preoperative and postoperative micro-CT images enables

measurements of changes in root canal morphology, including volume of the dentin

removed and canal wall surface areas untouched by instruments(28)(34). Fracture resistance

of teeth is measured by simulated functional loading in the Instron Universal Testing
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machine until fracture occurs(28)(35). Their findings indicated that larger proportion of

untouched canal wall can be observed in the distal canals of molars with conservative

endodontic cavities and there were no significant differences in other tooth types. Therefore,

CEC compromises the instrumentation efficacy in the distal canals of molars. The dentin

volume removed was significantly smaller for CEC than for TEC in incisors, premolars, molars

all 3 tooth types. Furthermore, the fracture resistance for CEC was significantly higher than

for TEC in premolars and molars and no remarkable differences in incisors. More importantly,

molars and premolars with CEC presented similar fracture resistance to intact teeth of the

same type; however, teeth with TEC were much less resistant than intact teeth(28).

In addition, Rajesh Krishan et al, 2014(28) advocated that CEC deserves to be

considered as a preferable cavity for mandibular premolars. They found out that CEC on

mandibular molars has an advantage of increased fracture strength and disadvantage of

compromised canal instrumentation in the distal canals. Given that proper widening of the

distal outline of CEC might reduce the risk of compromised canal instrumentation(28)(29),

they stated that even in mandibular molars, CEC deserves to be considered as a preferable

cavity design. They mentioned the importance of minimally invasive procedures and

recommended the clinicians to sharpen their skills to be able to work effectively in confined

spaces.
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The study by A. F. A. Barbosa et al, 2020(26) evaluated the impacts of CEC on

mandibular molars. In the study, the surface area, unprepared area, volume of dentine

removed and the overall root canal filling quality were calculated by a software “3D Slicer

4.4.0.” The root canals were contaminated by a culture of enterococcus faecalis so that the

level of microbial reduction could be evaluated later on(26). Fracture resistance was

measured by a universal testing machine callled EMIC DL2000 with continuos compressive

force(26). The results indicated that conservative endodontic access cavities did not provide

any benefits compared with the traditional endodontic access cavities regarding microbial

reduction in canals after final irrigation, volume of dentine removed, centring ability and

transportation(26), and there are more unprepared canal wall areas in conservative

approaches compared to the traditional endodontic access cavities. In addition, there is no

significant differences regarding the average failure load among the group TEC and CEC. A. F.

A. Barbosa et al, 2020(26) concluded that conservative approaches were associated with

larger volumes of filling material remnants within the pulp chamber, which is in line with the

findings of Rajesh Krishan et al, 2014(28). It indicates that adequate cleaning of pulp

chamber and manipulation of instrumentation are more difficult in small access cavities.

However, A. F. A. Barbosa et al, 2020(26) found out that there was no positive influence

regarding fracture resistance of mandibular molars(26), which is contrasting to the findings
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of Rajesh Krishan et al, 2014(28). It might be due to the restoration of the teeth was carried

out before the fracture test in the study by A. F. A. Barbosa et al, 2020(26), and the

instrumented teeth without restoration were loaded to fracture in the study by Rajesh

Krishan et al, 2014(28). It has been proved that restored teeth would recover up to 72% of

the original fracture resistance when compared to untreated teeth(27,36). One of the

limitations of this study is that microbial sampling was performed by paper points.

Contamination of root surfaces may not have been detected completely with paper points

since it prevents the detection of bacterial biofilms on canal walls; comparatively speaking,

pulverization technique enhanced the detection and provided a reliable representation of

bacterial sampling(37). However, pulverization technique cannot be used in this study

because it will lead to the failure of following assessment because of its destructive nature.

The study by Brent Moore et al, 2016(27) evaluated the influence of CECs regarding

instrumentation efficacy in maxillary molars. Extracted intact teeth were assigned to CEC

and TEC group. Imagination of micro-CT allows verification of instrumentation efficacy. The

fracture resistance was measured by Instron Universal Testing machine, and the axial strain

was recorded before cavities performed and after instrumentation completed(27). The teeth

were fatigued periodically and it was compressed by continuous force afterwards. It found

out that there was no significant differences between CECs and TECs regarding
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instrumentation efficacy, besides, there was no significant advantages regarding fracture

strength of CEC on maxillary molars compared with TEC on maxillary molars(27). This result

is contrasting to the findings of A. F. A. Barbosa et al, 2020(26) regarding impacts of

instrumentation efficiency of CEC. Brent Moore et al, 2016(27) stated that there is no

significant difference regarding instrumentaton efficiency between CEC and TEC. It might be

due to the differences of the type of teeth included. Brent Moore et al, 2016(27) selected

maxillary molars as samples, and A. F. A. Barbosa et al, 2020(26) used mandibular molars as

samples. The findings of A. F. A. Barbosa et al, 2020(26) and Brent Moore et al, 2016(27)

both presented that there is no significant difference on fracture resitance between CEC and

TEC. Brent Moore et al, 2016(27) neither supported nor opposed the uses of CEC on

maxillary molars. They stated that due to the complication of root canal systems in maxillary

molars, and complication of localizing secondary canal in mesiobuccal root (38). The

utilization of CEC on maxillary molars should be carefully assessed by the clinician individualy.

However, Gokhan Sayzgili et a/, 2018(30) evaluated the secondary mesiobuccal canal

detection ratio of different endodontic Access Cavity types in the upper first molars. They

selected 60 extracted maxillary first molars. The canals were searched after each group of

cavities prepared. The weight of the teeth were calculated pre-operatively and

post-operatively(30). They found out that the secondary mesiobuccal detection rate of
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conservative endodontic cavity (%53,3) and traditional endodontic cavity (%60) are similar.

In other words, it was concluded that the use of conservative endodontic cavity in upper

molars seems reasonable in the matter of detecting secondary mesiobuccal canal and the

removal of hard tissue; however, the clinicians have to take their own knowledge and

technique into account.

Gaya C et al, 2020(31) evaluated the impacts of minimally invasive endodontic

regarding the disinfection and shaping of oval canals of mandibular incisors. The samples

were divided into conservative and traditional access cavities, and a pure culture of

Enterococcus faecalis contaminated the canals for 30 days(31). Intracanal bacteriologic

samples were taken pre-operatively and post-operatively. (31). Micro-CT scans were used to

evaluate the shaping. It found out that bacterial counts in the traditional cavity group were

82% lower than in the contracted cavity group, which is contrasting to the result by A. F. A.

Barbosa et al, 2020(26). It is due to the difference of methodologies. Gaya C et al, 2020(31)

selected 30 manibular incisors and A. F. A. Barbosa et al, 2020(26) selected 30 mandibular

molars. Furthermore, Gaya C et al, 2020(31) performed additional steps during the

procedure of bacteriological sample taking, for instance, they sealed the apical foramen of

all the samples with Topdam material, which is useful for avoiding bacterial leakage and

simulating the vapor lock effect by creating a closed-end system. Nevertheless, both studies
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had the same limitation, which is using paper points for bacteriologic sampling. This method

cannot discover the exact localization of the residual bacteria, it only evaluates the

approximate bacteriologic conditions in the main canal(31,39).

Gaya C et al, 2020(31) found out that there were no significant differences regarding

the volume of unprepared areas in canals between the contracted and traditional

endodontic cavity groups (31), which is in agreement with Brent Moore et al, 2016(27) and

conflicting with Barbosa et al, 2020(26). Brent Moore et al, 2016(27) and Gaya C et al,

2020(31) had the similar result even though they used different instruments. The

disagreement of Barbosa et al, 2020(26) and Gaya C et al, 2020(31) may be due to the teeth

selected and the instruments selected. Gaya C et al, 2020(31) utilized the XP-endo Shaper for

root canal instrumentation, and Barbosa et al, 2020(26) selected Reciproc Blue R25 (VDW,

Munich, Germany). XP-endo Shaper was a recently introduced instrument and it was

designed to touch more walls than traditional instruments without removing excessive

structure due to its flexibility and snake shape(40). It was concluded by Gustavo De-Deus et

al, 2019(40) that the XP-endo Shaper showed a higher percantage of root filling removal.

Mario Alovisi et al, 2018(17)” assessed the influence of Contracted endodontic cavities

on the preservation of the original canal anatomy after shaping with nickel-titanium rotary

instruments. Thirty extracted human mandibular molars with fully formed apices and
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independent mesial canals were randomly assigned to group Contracted endodontic cavities

and group traditional endodontic cavities(17). Micro-CT analyses were performed before

and after shaping, and images were analyzed to evaluate canal volumes, surface areas, and

centroid shift on cross sections at 1 mm and 3 mm from the apex. They found out that there

were several pecking motions observed in the CEC group, and TEC presents a better

preservation of the original canal anatomy during shaping compared with CEC, particularly at

the apical level. In the findings of Mario Alovisi et al, 2018(17), there were more apical

transportations observed in the CEC group compared with the TEC group. It was possibly

related to the presence of coronal interferences (17,27—-29).These results differ from the

findings of A. F. A. Barbosa et al, 2020(26). It is probably due to the difference of instruments

for the preparation. A. F. A. Barbosa et al, 2020(26) carried out the instrumentation with

Reciproc Blue R25 and Reciproc Blue R40. Mario Alovisi et al, 2018(17) used WaveOne Gold

(Dentsply Maillefer) for shaping. Regaing the manufacture of Reciproc Blue, it was coated by

an oxide layer, which may enhance the flexibility. In addition, It has been proven that the

cyclic fatigue resistance of Reciproc Blue was higher than of WaveOne Gold(41). These

differences might affect the number of pecking motions required during instrumentation

and the outcome of transportation.

25



Gianluca Plotino et al, 2017(33) selected 160 teeth including 40 maxillary first molars,

40 mandibular first molars, 40 maxillary first premolars, and 40 mandibular first

single-rooted premolars. All types of teeth were drilled with the same type of bur. The

canals were filled with gutta percha and at the end, the access cavities were restored with

composite restorations(33). To simulate the oral environment, the teeth were mounted on

brass rings with the roots embedded in self-curing resin up to 2 mm apical to the CEJ while

loaded in a mechanical material testing machine (LR30 K) for fracture test(33). The

maximum load at fracture was recorded; moreover, the fracture was classified into

restorable or unrestorable depends on the site of fracture. The statistics indicated that the

mean load at fracture for teeth of TEC group was significantly lower than the CEC group(33).

The findings of Gianluca Plotino et al, 2017(33) revealed that the mean load at fracture for

teeth of TEC group was significantly lower than the CEC. This result are in line with the

study by Rajesh Krishan et al, 2014(28). Although the methods were different, both of them

reached the same results. Rajesh Krishan et al, 2014(28) tested fracture resistance without

restoration, unlike Gianluca Plotino et al, 2017(33) tested after restoration. However, some

recent studies manifested that CEC does not have positive impacts on fracture resistance

compared with TEC such as Barbosa et al, 2020(26), Brent Moore et al, 2016(27), T. Ozy et

al, 2018(14)...etc. This contrasting finding might be associated with lots of factors, including
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the type of teeth selected, the endodontic and restorative materials chosen, the

approaches to test the fracture resistance(27,28,33). Regarding the method of fracture test,

Both Gianluca Plotino et al, 2017(33) and Rajesh Krishan et al, 2014(28) mounted the

samples on brass rings with the roots embedded in self-curing resin up to 2 mm apical to

the cementoenamel junction. Brent Moore et al, 2016(27) mounted the teeth up to 3 mm

apical to the cementoenamel junction in customized cylinders fabricated with self-curing

resin, with a 0.2-mm-thick lining of polyvinyl siloxane simulating the periodontal ligament.

In addition, Brent Moore et al, 2016(27) carried out a distinct method, the teeth were

subjected to 1 million loading cycles in the Instron Universal Testing machine to simulate

approximately 4 years of chewing function within the physiological forces(27). This extra

method made the samples more similar to the intraoral condition in reality compared with

other studies. Therefore, it further validated the result.

T. Ozy et al, 2018(14) aimed to compare the fracture strength of mandibular molar

prepared with CEC and TEC, and restored with SDR and EverX Posterior base composite

materials(14). The samples were divided into TEC prepared with SDR restored, TEC prepared

with EverX restored, CEC prepared with SDR restored, and CEC prepared with EverX restored.

All the teeth were kept in distilled water at room temerature for 24 hours before the

fracture test(14), and the fracture test was carried out by an Instron Universal Testing
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Machine(Instron, Buckinghamshire, UK). The fractures were recorded as restorable if it was

above the level of bone simulation and unrestorable if it was below the level of bone

simulation. Among the different groups, the highest fracture resistance was presented in

group TEC+SDR and group CEC+SDR(14). The results manifested that there was no

statistically significant difference regarding fracture strengths of TEC and CEC preparation

with the same restorative material. In addition, the manipulation of restorative materials in

CEC preparation was more difficult than TEC preparation(14). Unlike most of the studies

preparing occlusal cavities, the study by T. Ozy et al, 2018(14) imitated the interproximal

caries, which explained the class Il cavitys prepared. It was concluded that there was no

statistically significant difference regarding fracture strengths of TEC and CEC preparation

with the same restorative material. However, they found out that the manipulation of

restorative procedures in CEC is more complicated, which might compromise the

achievement of correct restoration.

Almira Isuf et al, 2020(32) compared the difference between ultraconservative

endodontic cavity (UEC), conservative cavity and traditional cavity regarding the amount of

removed dentin and enamel. The teeth were scanned by CBCT before and after access cavity

preparation. The sliced image data were imported into the MeVisLab framework system. The

percentage of volume of dentin and enamel removed for each endodontic access cavity
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preparation was measured(32). They found out that the percentage of volume of dentin and

enamel removed in UEC (less than 6%) and CEC (8.1%-14.2%) was significantly lower than in

TEC (16%-19.2%) in all of the tooth types(32). One of the limitation of this study was that the

maximum and minimum values of dentin and enamel removed in each of the group were

similar to the mean of the other groups. However, it at least proposed the benefit of

“conservative concept” according to the percentage of volume of dentin and enamel

removed.

All'in all, CEC might compromise the detection of extra canals and complicate the

manipultaion of instumentation and obturation. So far, the incidence of instrument fracture

has not been assessed yet in any article, it is a subject worthy to be focused on. Further

studies are required and there are more aspects have to be taken into account. For instance,

if the knowledge and the technique of clinician would affect the detection rate and the

difficulty of instrumentation and obturation(19).

On the other hand, due to the limitation of sampling technique, the influence of CEC on

microbial reduction is still imprecise. Further studies with different technique are required to

confirm the results. It is clear that the dentin would be preserved more in CEC, which

validates the concept of “conservative dentistry.” However, given the statitics so far, most of

the studies concluded that CEC had no significant impact on fracture resistance compared
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with TEC. There are a lot of uncertainties would affect the results. For example, tooth age is

a vital factor that affect the tooth strength and durability. It is recommended to be

considered in sample selection; nonetheless, it has been neglected in most of the included

articles(19). Furthermore, internal and external anatomy of teeth, such as the width of pulp

chamber, crown morphology, would affect the value of fracture resistance test. Most of the

studies carried out sample selection by 2D radiogragh and direct measurement. In future

studies, it is worthy to be considered using CBCT or micro-CT technologies so that the

reliability and accuracy of sample selection can be further validated. Besides, there are

plenty of factors might affect the outcome of fracture resistance test, such as the storage of

extracted teeth, the technique of extraction carried out by clinician. This information is

always encouraged to be reported(19).

Some studies have divided the samples into TEC and CEC, but the concept of

ultra-conservative cavity was included in some studies as well. The definition of different

cavities has always been debatable, and the cavities carried out were based on the

experience of cliniclian. There are different access can be considered as CEC due to the

ambiguous and undefined terminology. Therefore, it might confuse the reader because of

the misconception of different designs. For example, the term contracted was meant to

define a “conservative” access cavity, but often its design was more associated with the
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cavities

design of an ultraconservative cavity(27,32). On the other hand, the “traditiona

that they performed might be more conservative than the definition of TEC in reality(32).

Furthermore, the force applied to the samples in every studies was not as dynamic as the

force in reality, and lots of intraoral factors such as PH changes, temperature changes, saliva

were not simulated(14). Future research should focus on simulating the intraoral condition

as much as possible.

In general, it is advisable to shift the modern dentistry toward a minimally invasive

concept, but it is also indespensable to perform sufficient endodontic access for adequate

operating space(17). In previous studies, most of the endodontic access were performed in

extracted human teeth and it was challenging even under this condition, not to mention

when actually treating a patient. It is always unworthy that the clinicians merely want to

preserve the tooth substance and sacrifice the completeness of treatment. After all, the

overall success of endodontic treatment is the main objective that every clinicians are tying

to achieve.

At this point in time there are no clear benefits to support the use of Conservative

endodontic cavities. In addition, there is no randomized controlled trials regarding

conservative endodontic cavities so far, the long-term prognosis and durability of the teeth

with conservative endodontic cavities are still unknown. Furthermore, patient-related
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factors such as periodontitis, bruxism can be presented in clinical trials, which is impossible

to be simulated in laboratory conditions(19). Therefore, whether conservative endodontic

cavities are recommendable in daily practice should require further studies with more

samples and randomized controlled trials in the future.

Conclusion:

Within the limitations of the studies so far, no positive impacts have been found

utilizing Conservative endodontic cavity in incisors, and there are no clear benefits using

Conservative endodontic cavities in all respects. In addition, considering that most of the

studies found no positive impacts regarding fracture resistance of Conservative endodontic

cavities and given the complicated manipulation of Conservative endodontic cavities.

Nowadays, the use of traditional endodontic cavity in daily practice is sufficient to solve

most of the cases. There is a lack of supporting evidence to promote conservative

endodontic cavities in clinical practice and no adequate reasons to develop the training of

this technique in dental clinicians. In short, the use of conservative endodontic cavities is
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not necessary in all type of teeth until the further randomized controlled trials existed in

the future.

10.
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Reduction in Tooth Stiffness as a Result of

Endodontic and Restorative Procedures

Ermest 5. Resh, B3z, DDS, Harold H, Messers, DDS, PhD, and William H. Dougkas, DMD, PhD

Endodontically treated teath are thought to be mone
suscaptible to racture as & result ol the loss ol toath
witality and tooth structure. This study was designed
b compang the contributions of endodontic and re-
slorative proceduras ta the lose of stFength by using
nondesiruclive scclusal leading on extracied miacl,
maxillary, sacend bicuspids. An encapaulabed strain
gauge was bomded on enamel just above the ce-
manicenamal jEncton on both the buceal and Bngual
aurlaces, and ihe teath were mounisd in nylon Hings
leaving 2 mm of root surtace exposed. Under |oad
coniral, each iooih was loaded al a rale of 37 N per
# for 3 ® and unloaded 8t the samse rale m & closed
o sera-hydraulke syslem o measune silness, A
MR- SRR CUrve was genarabed Trom sach gauge
pror 1o aMeration of the looth and alter each pro-
cedure performed on the tooth. Cuspal etifiness, as
a measure of looth strength, was evaluated on one
of bwo series of seguentially parfommed procedunss:
1. [a) unaltered 1ooth, (b) access preparation, (c] in-
strumentation, (d) obiuration, and (a) MOD cavity
preparation; of 2. (a) unsMered toath, (b) occlusal
cavily preparation, (&) Dao-surlace cavity propata-
fion, [d) MOD cavity preparation, {2) access, () in-
strumentation, and (g} obluration. Results on 42
teeth indicatle thal endodontic procedunes have only
@ emall effect on the tooth, reducing the relative
sliffness by 5%. This was less than ikal of an aceiu-
w8l cavity preparation (20%). The largest losses in
sliffness were relaied 1o ihe loas of manginal ridge
integrity. MOD cavity preparation resulied in an av-
erage of & B3% koss in refative cuspal stiffness, The
reEuls indicale that endedonic protedores do ol
weaken leeth with inlact manginal ndges.

Endoadontic trestmem is considered 10 weaken the tooth by
increasimg the brittleness, leading 10 @ higher suscepaibiliny
fracture. Comsequendly, the reoommendod pestaration his
beem cuspal privection with & cost restoration. Chinical sbudicy
on large membes of paiests have imsdicaied the noed For
spocir] restorative considerations for endodontcally treased

fr

il [ 1=3) One ol the krgest difficolics with recrospactive
studies is that only the climically sucoemful cases age examimed
(1% The prestest Geilure vate in endodonteally (reaed Leeth
was pssocumsd with lick af appropriase ressorsion (3, 3.
Tieeth sne belirved 10 become more britile as o direct result of
endodenisc treatment [cading o fractare and wohs loss (4),
Te ralify increased bricilensss his not been proven, Hiardness
measuremenis ol -en:l-ndmiﬂll} cregaed eeth ikEn werg
sregied wp e 10w peewously andesind ne Gillerence n
Bardncs betwosn cadrlomtically ecaed and wital teeth {55,
Sirniliarly, panch shear lesting oo eadodontically ireated ieeih
showed only 2 small (plihough simistically significant) reduoe-
bon in sirength of 14% (&),

Restaranive proced wres (nod bn relenios s crdhsdositic ineal-
weM ) Reivet: i @xarmingd 1o determenc thiar cominbation
1 The prsstaser of Lhe looth o frcture. Seatistical differenoes
were dilfiod o democstrate for resorative pmoedares due
1o the desiructive mature of these wefis To overonme the
prohlem of sample vanaion, lsrge sanshers of fmplis are
needed, 11 has beca shown thal the reslling weakening ol the
i h due 1o reslorabive procederes ipcreases with the reduc-
liom of 1oeth structere (7, B Accordimg to Larson et al. (E)
occlosal cavities significanily weaken the 10onh mnid wiler
isthmius preparations. ressll in the Brpes) decnease of 1mqh
FRELENCE B0 fraclane, Factors sach a8 1B mdenlénance of
margivel sidge infegrity asd widith of the isthmas region also
dppar to be importas) in redecing sxolh raciure (7, 90, The
vonclusions that could ke drren froms presioos work ane as
the presereation of ipath stnechare is imparinnt in meintuning
Fessaznce W fracture, esperully by peossrving mangisal rdpes
And MAINLEINIng farmow sIkmus

According 10 Hood (M), sondestructive lechmigues em-
plovimg lincar vanable dilfcrendial froesformers, which mea-
sure smmall movements of looth strocture ander load, provide
pne method 1o examine the eifects of sequencisl creatments.
e relative comiributons of rerorlive and endodani: pre-
cedures enubd be more accuralcly assessad, wilhan physéolog-
ical limsils, wsang Whis lecheigque. Hood chaerved 1hat & sl
redwcisan of loolh stnectare, such os en cochusal covity prep-
aratbon, peoduced a significant decrease in loeh eigidiny.
Emndndomic procedures ako significanily decresed 1ooah ri-
gidity reflecting o deceeased silTniss in e Wooth (10,

Okt dowigss are an sgreemenl thal the removal of has!
lissue increased cusgal fexure under codusall bead (11, 124
Morin el al (1 3) stane that the use of strain gauges alsn permil
the vivmalization of hysoeresis. Hysicresis, which is the stmte af
being behisd, in firain gilge mesisrements wail] be 1he
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Identifying and Reducing Risks for Potential Fractures in
Endodontically Treated Teeth
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Introduction: Although long-term functional survival
rates can be high for initial endodontically treated
permanent teeth, they are generally more susceptible
1o fracture than teeth with vital pulps. Tooth extraction
is often the consequence of an unfavorable prognosis
after coranal and root fractures, but their occurrence in
endodontically treated teeth might be reduced by iden-
tifying the risks for fracture ascociated with various
operative procedures. Methods: This article presents
an overview of the risk factors for potential tooth frac-
fures in endodontically treated teeth on the basis of liter-
ature refrieved from PubMed and selected joumal
searches. Results: Postendodontic tooth fractures
might occur because of the loss of tooth structure and
Induced stresses caused by endodontic and restorative
procedures such as access cavity preparation, instru-
mentation and irigation of the root canal, obturation
of the instrumented root canal, post-space preparation,
post selection, and coronal restoration and from inap-
propriate selection of tooth abutments for prostheses.
Conclusions: Potential tooth fractures might be
reduced by practitioners being aware during dental
treatments of controllable and noncontrollable risks.
(! Endod 2010;36:609-617)
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Ithough the long-term functional survival of initial endodontically treated perma-
tteeth was reported as 97.1% after 8 vears in a very large epidemiologic survey
(1), coronal and/or radicular toeth fractures continue to remain important reasons for
postendodontic tooth repairs and exiractions (2, 3). A 3-vear follow-up survey involving
857 randomly selected weeth with m:unsurguml root canal treatment found that 18
(28.1%) of the twial 64 woth extractions performed by the dentists were antributed
1o nonspecific tooth fracures (4). Relatively few large “clinical sidies from general
practices have examined the prevalence and incidence of complete and incomplete
coronal and/or radicular fraciures in restored and nonresiored teeth with either vital
pulps or endodontically treated nomvital pulps and with either complete or incomplete
root formation. Most of the clinical reports have been of findings from surveys and
retrospective studies, of which several were conducted in institutions.

Apart from these tooth fracures caused by sudden inpact trauma, postendodontic
tooth fractures have generally been attributed o weakened tooth structure caused by
incomplete root formation, dental caries, woth wear, and operative dentistry proce-
dures and from changes in tooth structure cansed by aging, vital pulp dssue loss,
and endedontic therapy (5). These fatigue failures of tooth structure and restorative
materials in endodontically restored teeth might result from normal functiodnal stresses
and from increased functiomal and parafunctional stresses.

Because increasing numbers of elderly persons want 1o retain their remaining
dentitions for as long as possible, increasing numbers of ieeth now require endodontic
therapy. Many of these rernaining teeth show the adverse effects of severe “wear and
tear” from previous dental conditions and/or restorative treatments, with an increased
risk for postendodontic toeth fracures. Ahough the causes are multifactorial, many
such fracures undoubtedly result from inappropriate treatment planning and
endodontic and restorative procedures undertakien by dental practitioners. Therefore,
the purpose of the present article is to identify and reduce the risks for potential tooth
fractures.

Methods
Publications in PubMed were initially searched by using the key words “endodont®
AND tooth fracture OR root fraciure.” Further articles were gleaned from references
listed in the publications and related articles and from searching selected jourials.

Results

Prevalence and Incidence of Tooth Fractures

After excluding tooth fracture caused by sudden impact iraumea, the American Asso-
cation of Endodontists has classified $ vartations of longitudinal oot fracture: enamel
craze lines, fractured cusp, eracked tooth, split woth, and vertical root fracture (6).

Ome 15-week study involving 11 dentists reported 543 tooth fractures, of which
£5.6% were complete cusp fractures, 13.4% incomplete or suspecied cusp fractures,
and 0.9% roed fractures (7). Some 3% of the fractured teeth had not been restored
prestously, and most of the 377 cusp fractures that were not associated with caries
occurred in teeth with vital pulps. This study also reported that during any given vear
some 6% of adult patients with at least 1 posterior tooth at risk would experience
a complete posterior cusp fracture in the absence of caries, with an incidence rate
of 72.7 per 10040 person-years at risk. The noncarious fracture rate experience for ante-
rior teeth was far lower. In the subsequent 1- o 2-vear follow-up study of 517 previously

Risks for Potential Fracmres in Endodoosically Treaied Teeth 608
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Fracture strength of human teeth with cavity

preparations

José Mondelli, C.D., M.5.D., Ph.D.,* Lincoln Steagall, C.D., M.5.D., Ph.D.,**
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and Francisco Bruno Soares, C.D.
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Failum of dental restorations is a major concern.
The most common causes are faulty cavity prepara-
tion and improper manipulation of restorative ma-
terials. Another cause of failure is the geometric form
of the cavity preparation, which may lead o fracture
of the tooth.

The anatomic forms of posterior teeth with cusps
and fossae present a design possessing a tendency to
deflect the cusps under stress (Fig. 1, AL' While
sound teeth rarely fracture from the stresses of
mastication, fracture of a cusp may occur in teeth
which have been weakened by caries and the cavity
preparation required for restoration.

The typical intracoronal cavity preparation, espe-
cially in the maxillary premolars, exaggerates the
height of the cusps (Fig. 1, B). The weakened or
unsupported cusps are subjected to stresses which
tend to deflect or fracture them at the buccopulpal
or linguopulpal line angles (Fig, 1, C). While a
fracture may not occur, deflection of a weakened
cusp may open the tooth-restoration interface and
lead to subsequent marginal leakage (Fig. 1, O It is
evident that the buccolingual width of the occlusal
preparation may contribute toward weakening of
the cusps.

Cavity forms have been based on Black’s princi-
plca.-' Far Class I and II cswit}r pmpﬂ.rﬁtiana, Black
advocated an occlusal width of one-third the bucco-
lingual intercuspal distance. Present-day equipment
and restorative materials permit more conservative
geometric forms. Modern cavity preparation permits
narrow occlusal designs, one-fourth the buccolingual
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intercuspal dimension.” " Vale™ ' investigated the
effect of the buccolingual width of MOD cavity
preparations prepared in sound teeth. His stress
studies encouraged conservative cavity preparations.
However, a well-controlled investigation of the
cffccts of stress upon the cusps of occlusal prepara-
tions of various widths should ascertain the validity
ol conservative occlusal preparations.

This article reports the fracture strength of teeth
prepared with three buccolingual widths of occlusal
preparations.

MATERIALS AND METHODS

Freshly extracted sound premolars from patients
200 25 vears of age were cleaned and fixed in
neutral formalin for 72 hours." Only teeth which fell
within the range of dimensions established by
Galan' were accepted for testing. The teeth were
examined by stereoscopic microscopy. Those with
cracks or fractures were rejected.

The roots of the teeth were embedded in a
self-curing polystyrene resin which did not develop
exothermic heat.”" The exposed crown was main-
tained in a vertical position by a metal brace. The
teeth, with roots embedded in the polystyrene base,
were stored in distilled water. The period of storage
did not excecd 1 week after extraction.

The cavities were prepared with a No. 169
;mmath.tap&md fissure bur under ]'!_Eh spccd and
finished with the same bur under conventional speed
and with hand instruments.

Class I occlusal preparations. The buccal and
lingual walls were parallel to each other. The mesial
and distal walls diverged slightly toward the occlu-
sal. The mean cavity depth was 2.3 mm.

The cavities were prepared to satisfy three critical
dimensions of the isthmus. These differed in the
buccolingual width as a fraction of the intercuspal
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ABSTRACT

Endodontically treated teeth restored with posts
are susceptible to coronal leakage atter long-term
function, We hypothesize that demineralized
collagen matrices (DCMs) created in dentin by
acidic zine phosphate cement within the dowel
spaces degrade with time. Forty-two post-restored
tecth were extracted after three periods of clinical
service and were examined, by means of scanning
and transmission electron microscopy. for the
status of the DCMs. SEM revealed a progressive
degradation of the DCMs, becoming less dense
after 3 to 5 years, losing structural integrity after &
to 9 years, and partially disappearing after 10 to 12
vears, TEM revealed evidence of collagenolytic
activity within the DCMs, with loss of cross-
banding and unraveling into microfibrils, and
gr;l.'lrinnl}'lic acli\'il}' that resulicd 1n disimcgrminn
of the microfibrils. Bacterial colonization and the
release of bacterial enzymes and of host-derived
matrix metalloproteinases may contribute 1o the
degradation of collagen fibrils in root dentin after
climical function.

KEY WORDS: in vive, root dentin, collagen
fibrils, bacteria, matrix metalloprodeinases.

Beceived May 6, 2003: Last revision February 4. 2004;
Acceped February 24, 2004

4. FerrariM, MasonPN, GoracciC, PashleyDH, TayFR. Collagen degradation in Endodontically

Collagen Degradation
in Endodontically Treated Teeth
after Clinical Function

INTRODUCTION

I[ i well-established that coronal leakage is a polential cause of fuilure in
endodontically treated teeth (Saunders and Saunders, 19941, This problem
can be more pronounced after post preparation, when only relatively shon
(e, 4-5 mm) lengths of obturating materials remain in the canals {Barrieshi
et al., 1997; Fox and Guuieridge, 1997; Metzger et al., 2000; Abramovilz &
al., 20011 Although coronal leakage has been substantially reduced with the
use of adhesive secondary resin seals (Galvan er al., 2002) and resin
cements (Fogel, 1993), zine phosphate cement is still used in some parts of
the world for luting of metal posts and crowns, Most adhesive resin cements
canmol guaraniee a Muid-tight seal that prevents the ingress of oral fluids,
bactenia, and endotoxins (Alves e al, 1998), particularly after long periods
of simulated intra-oral function (Reid e al, 2003). 1t is alse unlikely that
zinge phosphate cement, that exhibited the most severe initial microleakage
{Bachicha ef al, 1998), can sustain a long-term seal over years of clinical
SEIVICE,

Bucterial infection caused by coronal leakage remains the central 1ssue in
endodontic failure, but very few studies have examined the condition of root
canal dentin in post-restored teeth. Zinc phosphate is an initially acidic, non-
bonding cement that has the capacity to dissolve the smear layer and
demineralize the underlying intact dentin (Shimada er al, 1999). Recent in
vitre studies have reported the disappearance of denuded collagen fibrils within
mcompletely resin-infiltrated regions of dentin hybrid layers (De Munck e ol
H)I3). It is expected that teeth restored with zinc-phosphate-cemented posis
and retrieved afier long periods of intra-oral function are useful as in vive
muodels for examining the course of degradation of collagen fibnls.

Thus, the objective of this study was w test the hypothesis that denuded
collagen fibrils that are exposed by zine phosphate cement in dentin lining
dowel spaces degrade with time, The null hypothesis tested was that clinical
aging has no effect on the integrity of root dentin collagen matrices adjacent
1o metal posts that are luted with a conventional non-bonding cement.

MATERIALS & METHODS

Forty-two climcally asympromatic, endodontically trested weth that were scheduled
for extraction because of prosthodontic or periodontal reasons were selected. These
teeth were all previously root-filled with gutta-percha and CGrossman's sealer by
means of a lateral condensation technique, with additional dowel spaces prepared
and with metal posts cemented with zine phosphate cement. Half of these teeth
were restored with metal crowns, while the remaining functioned as abutments of
fixed partial dentures. The metal posts inserted into these teeth included 9 tapered
self-threading posts, 15 parallel-sided threaded metal posts, and 18 cast dowel-core
that were all cemented with zine phosphate cements,

The study prodocol was approved by the Commission for Medical Ethies of
Siena University, Italy, The patients were informed of the intent of the study, and
thear written consents were obtined. Five teeth had been endodontically treated
12 years previously, 7 tecth had been treated 10 years previously, 14 teeth 8 years
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the biomechanical behavior of endodonti- cally treated maxillary premolars . Part | : Fracture
resistance and fracture mode. 2008;

INFLUENCE OF RESTORATIVE TECHNIQUE ON THE
BIOMECHANICAL BEHAVIOR OF ENDODONTI-
CALLY TREATED MAXILLARY PREMOLARS. PART |:
FRACTURE RESISTANCE AND FRACTURE MODE

w Paulo Vinicius Soares, DDS, MS,* Paulo Cesar Freitas Santos-
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PhD, and Carlos Jose Soares, DDS, MS, PhD?

School of Dentistry, Federal University of Uberlandia, Minas Gerais,
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Statement of problem. Unresolved controversy exsts concerning the preferred cavity design and restorative technique
used to restore endodontically treared maxillary premolars co improve their resistance to fracture under occlusal load.

Purpose, The purpose of this study was to evaluate the fracture resistance, stress distribution, and cusp deformation
of endodentically treated human maxillary premaolars restored with different matenzls. The study is divided into 2
parts. In Part I, fracture resistance and fracture mode were determined.

Marterial and methods. Seventy noncarious human maxillary premolars were selected and divided inta 7 growps
{n=10}. The control group, 5T, consisted of sound unprepared teeth. Teeth in the other & groups were endodonti-
cally treated and each received 1 of 2 cavity preparacion designs: MODM, direct mesio-occlusal-distal preparation;
MO, indirect mesio-occlusal-distal preparation. Teeth were restored with 4 cypes of material: AM, MODd restered
with amalgam; CR, MODd restored with composite resin; LPR, MODI restored with laboratory-processed compaosite
resin; and LGC, MODH restored with leacite-reinforced glass ceramic, The fracture resistance (M) was assessed under
compressive load in a universal testing machine. The data were analyzed by T-way AMOWA and the Tukey HSD test
{ox=.05). Fracture modes were recorded based on the degree of tooth structure imvokvement and restoratben damage.

Results, Statistical analysis showed that the ST group presented the highest fracture resistance values. The restored
groups showed significancly higher fracture resistance values compared to the nonrescored groups. The groups re-
stored with adhesive techniques (LPR, CR, and LGC) presented significantly higher fracture resistance values cham the
group restored with the nonadhesive technigue (AM) (P<.001). The catastrophic fractures were prevalent in MODd,
MODN, AM, and LPR groups, and less severe fractures were found in 5T and LGC groups. For the CR group, there was
no prevalent fracture mode.

Conclusions., Teeth with the greatest amount of remaining tooth structure and those restored using adhesive tech-
nology showed higher fracture resistance values, There was great vaniation in the type of fracture among groups. (]
Prosthet Dent 2008;99:30-37)

CLINICAL IMPLICATIONS

Adhesive restorations using composite resin, laboratory-processed composite
resin, and ceramic materials improve the fracture resistance of endodontically
treated maxillary premolars with MOD cavity preparations. However, the frac-
ture mode may depend on the mechanical properties of the restorative material.

Supported by grant Mo. 1355-05 from the Research Support Feundation of the State of Minas Gerais { FAPEMIG).
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6. DdsCL, DdsDL, MsWHDDS. Impacts of 3 Different Endodontic Access Cavity Designs on
Dentin Removal and Point of Entry in 3-dimensional Digital Models. J Endod.
2020;46(4):524-30.
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e e oos, | IMpPACts| of 3| Different| »
" Endodontic Access Cavity -
Designs on Dentin Removal
and Point of Entryin
3-dimensional Digital Models

ABSTRACT
SIGNIFICANCE ,
Intreduction: The purpose of this study was 1o evaluate the tooth structure thaoretically

The present study provides required to be removed in the coronal and cenical regions to accomplish 3 different
infarmation regarding the endodontic acoess praparations in & novel digital model. The deviation of the center of access
awverage amount of dentin caly from the central flossa will also be measured and compared among the 3 endodontic
remonval required in different cavity designs, which in tum may serve as suggested points of entry for different access
endodontic accass desians openings. Methods: Twenty-one maxillary mokars and 15 mandibular motars were selected
The study also shows that the and 3-dimensionally imaged with cone-beam computed tomoegraphic maging. Three-
cantral fossa i an appropriate dimensional {30 volume reconstructions were made and converted into sterealithograotny
anatamic landmark that could files. Digital access cavty preparation was performed on each 30 reconstruction modal with
senve as the paint of entry in The: 3 most commanty used endodantic access praparations: minimally irmasive (MI), maocdified
both maxikary and mandibulas straight-line (MS), and traditional straight-line (TS) technigues, After the access cavity outlines
molars, ware detarmined, digital sectioning of each reconstructed 3D tooth modal was performead

arthogonal to the long asis of the tooth at 3 levels: (1) passing through the central fossa, (2) 1.5
mm apical to the central fossa, and (3) 2 mm apical to the cementoenamel junction. The near
distance from the cantroid of the access opaning 1o the central fossa was measured to
calculate the point of entry, and the amount of toath structure removal at the pearicarvical arsa
wias measured to calculate the theoretically minimum amount of linear dentin removal
required. Two-way repeated measures analysis of varance was parformed for the interactions
batwean different access dasigns and the amount of canical dantin removal, Other data were
statistically analyzed with 1-way repeated measwres analysis of variance. The Tukey post hoc
test was usad for multiphe comparisons. Significance was set at .05, Results: The amount of
deviation of the canter of the aceass cavity from the central fossa in all test groups was less than
1 mm. The dmensicns of access openings differed significantly among the 3 access forms
From the"Tidsian of Endodiortics, (TS = MS = MI, P = .0001). The amount of requirad cenvical dentin removal was the greatest
Departmernt of Dertigtry and *Onision of ! N
Prosthadontics and Opersthe Dartstry, inthe TS method followed by the WS and M methods (F < .0001), Conclusions: The cantral
Dapartment of Dentistry, Kaohsiurg fossa could senve as good starting points in all access preparations in both maxilany and
E;g::‘:i‘g"gh':"_’r';'j;'; ';E"",‘zmm mancitular molars. Dientin removal in the coronal and cardcal regions was tha greatest in the
Clinkz, Tan Tock Sang Hosptal, Movens, TS design followed by the MES and M1 designs, When comparning different canals in the
Singapore City, Singapore same access form, less cervical dentin was sacrificed in the palatal canals of maxillary molars

Addrass requests for reprints to Dr and tha distal canals of mandibular molars. (J Endod 2020:46:524-530.)
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Since the sarly 19808, mulliple authors have shudied acoess canity design, instrumentation lechnicues,
and their affects on minimiziog the risks of iatrogenic complcations ™, These authars advocatad tha
completa unroofing of the pulp chamber and straight- e access to the level of the midroot canal
cunvature, wihoss concepts ara now termed the “tradiional” eccess preparation. Linike the treditions
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Conservative endodontics: A truss access case series

Hussain Mookhtiar, Vivek Hegde, Srilatha S and Meheriar Chopra

Abstract

The prime objective of this case report is to obtain access cavity designs that is strategic dentin
preservation (ie, leaving a truss of dentin between the 2 cavities thus prepared), Three permanent teeth
with an indication for endodontic treatment were treated via the truss access cavity design rather than
traditional access cavity protocol using copious irigation, The teeth were then given post-endodontic
restorations, Endodontically treated teeth did not show any pest-operative symptoms or any presence of
post-operative periapical radiolucency or flare-up. Truss access approach mainly emphasizes on the
preservation of the healthy tooth struciure with the minimally invasive approach. This minimal invasive
approach in access opening avolds the need for conventionally placed crowns.

Keywords: Access C:‘I\'il}'. truss access, conservative access cavitics

Introduction

Endodontic therapy 15 comprised of three factors which are cleaning and shaping, disinfection
and three-dimensional obturation of the root canal system. However, access cavity preparation
is known to be one of the most challenging and an important step for a successful endodontic
treatment '],

Weakening of tooth structure is a major drawback in Traditional Endodontic Access Cavity
(TEC) mainly due to pathology. For restoration of these teeth, various treatment modalities
may be used, ranging from a simple direct restoration with or without a post and core to more
complex indirect restorations, including inlay, onlay and full-coverage crowns 1,

TEC has been shown to demonstrate a significantly higher percentage of non-restorable
fractures of teeth which was reasoned to be related to the higher volume of coronal tooth

structure loss in TEC Pl

To overcome this, Clark and Khademi moedified the endodontic access cavity design 1o
minimize the tooth structure removal and this was known ag the Conservative Endodontic
access Cavity (CEC), The aim of the CEC was to preserve some of the chamber roof and the
pericervical dentin 14,

The pericervical dentin is the dentin that is located 4 mm above and 4 mm below the cresal
bone and they serve in distribution of functional stresses in teeth. Thus, it is necessary that we
preserve this pericervical dentin in order to maintain the biomechanical response of the
radicular dentin 1¥!

Trials of more conservative access cavity designs such as contracted (a small conservative
cavity on the occlusal surface that allow the clinician o access all the canal orifices), truss (a
direct access from the occlusal surface to expose the mesial and distal canal orifices and
leaving the intervening dentin intact). and ninja {uliraconservative approach) access cavity
preparation methods have been previously reported to improve fracture resistance of
endodontically treated teeth and reduce the dependency on complex, more expensive post
endodontic restorations *. The differences between traditional access cavity and contracted
access cavily is mentioned in Table 1.

One approach of CEC is the onfice-directed design {also called the “*truss™ access cavityl, in
which separate cavitics arc prepared to approach the mesial and distal canal systems in a

mandihnlar mnlar whersas for mavillare malare the mwcine and  dictahoesal canale are
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Endodontic access cavity (s one of the most impontant siep for a successful endodontic treatment. The
design of the tradisonal endodontic cavity (TEC) for different tooth types has been established
several decades ago and has remained unchanged with enly minor modifications, In TEC, it has a
properly access cavity with straight line aceess. Wheress {in conservalive scosss cavity (CEC), there is
preservation of the pericervical dendin and complete deronfing of the roof is avoided.
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INTRODUCTION

Ensbostomitic therapy comprised of three factors and they were
cleaning and shaping, disinfection and three-dimensional
obration of the root canal system. However, Access cavily
preparation is known to be one of the most challenging and
i:rn|'||,1r|:|.1'LI Slep fivr 1 successiul endodontic treatment,
Inadequate access cavity preparation may also result in
dil'ﬁ:.:ult}- m ||.J:.::|Ii11p; or ﬂc;;oliuling the root  camals,
instrument separation and aberrations of the canal shape
which may resultl in inadequate cleaning, shaping and filling
of the root canal system. This may lead to failure of the
reatment, For a long vme G, V, Black's prepartions were
totally sccepted by the profession. Traditional endodontic
access cavities (TEC), it emphasizes on straight line access
into  the root canals and this helps to  increase  the
bismechanical preparation efficacy and reduce the procedure
ermors. However, a concern related to TECs is the amount of
tooth structere removed, which may reduce its resistance 0
fracture under functional loads." * The most current evolution
is a minimalistic approach 1o access design by shifting the
outline configuration toward greater dentin preservation and
idealizang the endodontic-restortive inl.¢r|‘a|,.-¢."‘[l:¢|,-¢n| Iy, Clark
and Khademi modified the endodontic access cavity design to
minmmize the woth sirecture removal and this was known as
the Conservative endodontic access cavity (CEC). The aim of
the CEC was o preserve some of the chamber roof and the
pericervical dentin.”

*Carresponding autior! Ashwind Galkwad

Figmrel (AT Skeckes watly an | A-Ch eochsal view sl {11 sagamal
wigw ol e cavilty desipng of & firs) mandibualar salar,

{A-INA tradinonal access cavity (black line dashed), (A, C,
and D} conservative access cavity (green). and (B-D0
wlirscomservative ““ninja” access cavity (resd), Companson of
the 3 nccess cavity designs in the {C) occlusal and (D)) sagittal
view, respectively. The sagittal view shown as a conservative
access cavity maintains a robust amount of pericervical dentin.
B, buccal; [, distal; L, lingual; M, mesial

Traditienal endedemtic aocess cavify

The access cavity preparation depends on the GV . Black's
principles. Omne of ils fundamental concepls, “extension for
prevention”, had been followed universally for many decades.
A lintle mmedificaton of the pranciples and they include the

outline form, the convenience form, removal of the canous
dentin and the todlet of the caviry”

Dunng cavity preparation, the centre of the pulp chamber
should be the target of the initial penetration, at a point where
the roof and floor of the pulp chamber are a1 the widest. The
outline form is then determined by the shape of the pulp
chumber which also determines the occlusal extent of the

Comservative Dentistry and Endodontics, Bharat Vidyapeeth Deemed To Be University Dental College ond Hospital, Pune
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Case Report

Intentional replantation — a ‘last resort’
treatment or a conventional treatment
procedure? Nine case reports

Peer M. Inentional replantation

Abstract

obwious radiographic or clinical endodontic failure, This artele
reviews nine cases of intentional replantation (TR) thar show the
leasibility of the procedure in avariety ol indications, Only one case
of replantation showed evidence of pathosis that reflected room
resorption or ankylosts, This repont suggests that TR is a reliable
and predictable procedure and should be more often considered as

a’last resort’ treatment or a
conventional treatment procedure? Nine case reports Dent
Travrmatol 2006 200 4855, 10 Blackwell Munksgaard, 20008,

Intentional replantation is an accepted endodontic
treatment procedure in which a tooth is extracted and treated
o ll:i]lf]l' 1 I]l" ']l';’ll {'ﬂ".'lll}' ':l]'lfl 1 I]"]'I i]'lﬁ"l'l l'd il]l“‘ i'l"«- 50 ]l']'l'.."l Loy Correct an

a treatment |111:-d'.[1il}' in our cfforts to maintain the natural

dentition,

Although non-surgical endodontic procedures have a
high success rate, failures do occur (1-3) These can
be managed by root canal re-treatment or endodontic
surgical mtervention (4. The purpose of this arucle
15 1o present intentional replantation (TR asareliable

ane prediciable procedure that may be regarded as
a potential option when considering endodontic peri-
radicular surgery

Definition
Intentional replantation is an accepted endodontic
treatment procedure in which a tooth is extracted
and treated outside the oral cavity and then inserted
into its socket to correct an obwvious radiographic or
clinical endodontic failure (5)

Indications

Intentional replantation is indicated when other
endodontic treatments performed o maintain the
tooth have failed, or when endodontic periradicular
surgery is not feasible.
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Fastre of voot canal treatments: IF conventional root
canal therapy, non-surgical re<treatment, and sur-
gical re-treatment have failed, intentional replanta-
tion may be indicated.

Anatomic Hmitatios: Prosamity of the treated oo
apex o nerves such as the mandibular or mental
nerve, or to anatomic structures such as the maxil-
lary sinus can present problems with periradicular
surgery, and IR should be considered as an alter-
nate treatment.,

Arcessibility problems; Periradicular surgery on man-
dibular molars can be difficult because of dense
buccal bone [external oblique ridge) and lingual
root inclination,

Fatient management: A procedure such as periradicu-
lar surgery, which requires patient cooperation,
especially when using the microscope, can be diffi-
cult to perform. Intentional replantation may facil-
itate the desired result.,

FPersistent chronic pain: Sometimes, IR is an option as a
diagnostic ol when all former treatments fail o
alleviate chronie pain. It also permits evaluation of
unsuspected pathosis such as resorption or fractures.
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Influence of Access Cavity Design on Root Canal
Detection, Instrumentation Efficacy, and Fracture

Crosshark

Resistance Assessed in Maxillary Molars

Gabriela Rover, DDS, MSc,” Felipe Goncalves Belladonna, DDS, MSc,”

Eduardo Antunes Bortoluzzi, DDS, MSc, PhD,* Gustavo De-Deus, DDS, MSc, Phi,
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Abstract

Introduction: The aim of this study was to assess the
influence of contracted endodontic cavities {(CECs) on
root canal detection, instrumentation efficacy, and frac-
ture resistance assessed in maxillary molars. Traditional
endodontic cavities (TECs) were used as a reference for
comparison. Methods: Thirty extracted intact maxillary
first molars were scanned with micro-computed tomo-
graphic imaging at a resolution of 21 um, assigned to
the CEC or TEC group (n = 15/group), and accessed
accordingly. Roat canal detection was performed in 3
stages: (1) no magnification,  (2) under an operating
microscope (OM), and (3} under an OM and ultrasonic
troughing. After root canal preparation with Reciproc in-
struments (VDW GmbH, Munich, Germany), the speci-
mens were scanned again. The noninstrumented canal
area, hard tissue debris accumulation, canal transporta-
tion, and centering ratio were analyzed. After root canal
filling and cavity restoration, the sample was submitted
to the fracture resistance test. Data were analyzed using
the Fisher exact, Shapiro-Wilk, and t tests (a0 = 0.05).
Results: It was possible to locate more root canals in
the TEC group in stages 1 and 2 (P = .05), whereas
no differences were observed after stage 3 (P > .05).
The percentage of noninstrumented canal areas did
not differ significantly between the CEC (25.8%
+ 9.7%) and TEC (27.4% + 8.5%) groups. No signifi-
cant differences were observed in the percentage of
accumnulated hard tissue debris after preparation (CEC:
0.9% = 0.6% and TEC: 1.3% =+ 1.4%). Canal transpor-
tation was significantly higher for the CEC group in the
palatal canal at ¥ mm from the apical end (P < .05). Ca-
nal preparation was more centralized in the palatal ca-
nal of the TEC oroun at 5 and 7 mm from the apical

group at 5 mm from the apical end (P < .05). There was no difference regarding fracture
resistance among the CEC (996.30 + 490.78 N} and TEC (937.55 + 347.25 N) groups
(P> .05}. Conclusions: The current results did not show benefits associated with CECs.
This access modality in maxillary molars resulted in less root canal detection when no
ultrasonic troughing associated to an OM was used and did not increase fracture
resistance. () Endod 2017:43:1657-1662)

Key Words

Endodontic cavity, fracture resistance, instrumentation efficacy, micro—computed
tomography, minimally invasive intervention

Significance

The influence of CECs on root canal preparation
outcomes and fracture resistance remains limited
and controversial, We provide new insights
regarding root canal detection, instrumentation ef-
ficacy (noninstrumented canal area, hard tissue
debris accumulation, canal transportation, and
centering ratia), and fracture resistance of maxillary
maolars. The curent results did not show benefits
associated with CECs compared with TECs.

Tl“.ldiﬁﬂll:t' endodontic
cavities (TECs) empha-
size straight-line pathways
into root canals to increase
preparation efficacy and
prevent procedural emors
(1, 2). However, a concem
related o TECs is the
amount of tooth structure
removed, which  may
reduce its resistince W
fracture under functional
loads (3, 4). As an alternative to this traditional approach, minimally invasive
endodontic cavities or contracted endodontic cavities (CECs) have been described
(3,5-11), emphasizing the importance of preserving the tooth structure, including
pericervical dentin. It was already shown that CECs improved the fracture resistance
of premolars and mandibular molars; however, this kind of access compromised the
efficacy of root canal instrumentation in lower molars (8). Yuan et al (9) showed,
through finite element analysis, that CECs reduced stress in the occlusal and cervical
regions when performed in mandibular molars. On the other hand, another study
showed that CECs were not able to improve the fracture resisiance of maxillary molars

whaon rommared with TRC (100 Thoe the influence of MR nn the ennt canal neena.
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Abstract: The aim of every endodorile treamment is fe eradicare all vrgande substrares feow the complex rvaf conal system and o
obturate the reat caral spstem. After the establishment af diaguosis and treatuent plan, te part of the treatment directly applicd so the

fongle 5 the access cavily preparmtion. Access eavity preparation is of poromenns imporiaree a5 it s the vitgl stage thay governs te
suceesy o pase of the subsegnent reciment sfapes. Erndodoniicy Roy veen an unpurui.l'dﬂ.l' a'dmr.mml i fechaelory and molerialy i

the past conple of decades. Thiv pevied fras wimessed remarkoble o

livy i in plew witiclt hos brongh abour

varieis modiffcations in all phases of endedonic rawmmrindm‘llwg @ecess apening,

Kevwords: Access preparation, Truss access, Minja nccess

l. Imntroduction

In this era of enhanced magnification coupled with the
availability of increasingly more flexible nickel-titanium
rotary instruements, there has been a paradigm shift in
endodontics  from conventional to conservative access
rlrL"pal'.ll.il;)ll. Within the last 10 VRS, ihe “[‘m| ol access
preparation is towards reducing size of access preparation to
||'|\,! nulu.Ti|| diml.,-n;\'iuns -;yl' !|'||.: pu|'p l.:humb-e.:r mminﬂ: H1
yielding improved survival outcomes. The application of
traditional  or  conventional access  cavity  preparations
became gquestionable as it is invasiveand may lead to
structural failure of a tooth [1].Strectural loss of woth is one
of the risk factors for fracture predilection in endodontically
remted teeth [2], Tradinonal access cavily preparation is
found to be one of the larpest causes of failure of root canal
treatment. 50, a reduced endodontic access design would
reduce the failure of root canal treatment. Improved
prognosis of rool canal reated eeth 15 seen n conservative
endodontic cavity, or ultraconservative “endodontic cavity™.
Clark and Ehademi [3], indtially proposed an approach for
aceessing tooth structure and dental material =0 as to gain
aceess loo the moot canal system by leverage of caries,
missing tooth structure and existing restorations.

2. Preservation of Tooth Structure

Endodontic access should be considered as the kev o
endodontic success, as well as restorative success and to the
long-term retention of endodontically treated teeth and
fracture resistance of tooth which are reloted to the amount
of residual tooth structure [4],[3]. The long-tenm retention of
tonth can be ensured by the preservation of the tollowing:

11 Pericervical dentin (IMCIy

Pericervical dentin is the dentin near the alveolar erest which
15 roughly 4 mm above the crestal bone and extending 4 mm
apical to the crestal bone. This critical zone of dentin is
imeploceable s it plays o enteal robe in the maimtenance of
long-term survivability and  optimum  function  of
endodontically treated tooth [6].Pericervical dentin is crucial
for the transfer of occlusal load to the root. Pericervical
dentin preservation is of wimost importanse as it helps in the
prevention of fracture, preservation the fermule.

1.2 Banking of tooth structure (Saflit)

In architecture, a soffit is described as the underside of an
architectural feature such s the ceiling, the comer of the
ceiling, and the wall [T]-According te Clark and Khademi, a
small piece of roof of pulp chamber 15 retained aroumd the
pulp chamber to preserve pericervical dentin, which is
knowm as the soffit. Montenance of soffit s 8 perfect
cxample of banked tooth structure. Attempis at removing
soffit. which 15 a small preee of roof around the entire
coronal portion of the pulp chamber may alsodamages the
surroundding Pericervical dentin [3]),[8]. The primary reason
to maintain the soffit is o prevent the occurrence of the
gouging of the lateral walls. This conservative approach of
banking tooth structure thus aids in the long-term retention
amdl fracture resistance of tooth,

1.3 Three-dimensional ferrale (3DF)
Ferrule 15 the axinl wall dentin covered by the axial wall of

the crown and has been described as the backbone of
prosthetic  dentistry,  Three-dimensional  ferrule  is an
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Abstract:

Minimally invasive or the endolight concepts reviews tradittonal endodontics and modifies 1t o cater o
maximeon preservation of the ecisting strictures. Treaiment staris with a proper diagnosis treatment planming
ard meticulous execwrion of the principles mentioned i the articlefor successfild owtcomes. This requives nof
only a thorough nowledee of the dental anaromy but also clivical expertive and upgradation of knowledge
ahaut recent advancements in the field, Thix article reviews strategies invedved in this aspect and protocols that
ated in aitainment of fovorable reswlts jor the longevity of treatments wnderwent by the patient. For this review
all relevant textbooks and bibliographies of important articles and data bases from Medline, PubMed were
serutinized.

Key Word: Endolight concepi, Pericervical Dentin, Ninja access, Calla lilly, Dynamic access
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I. Introduction

Endodontics is best described by American Association of Endodontists (AAE) as that branch of
dentistry that is concerned with the morphology. physiology and pathology of the human dental pulp and peri
radicular tissues. Its study encompasses the basic clinical sciences including biology of the normal pulp: the
ctiology, diagnosis, prevention and treatment of discases and imnjuries of the pulp and association pert radicular
conditions, 1 And Minimally invasive endodontics (MIE) or endolight 15 a concept of maximum preservation of
the healthy coronal, cervical and radicular tooth structure during the endodontic treatment. Thos, as [ B Bender
guoted “The pulp is a small tissue with a big issue™'

The actual inflammatory status of the pulp 15 not taken into consideration by treatment strategies
currently. oot canal treatment is the therapy of choice to save the toothin the majority of cases of mature tecth
diagnosed with imeversible pulpitis or apical periodontitis,  Alternative strategies could be used to treat pulpitis
and increase the success of endodontic procedures beyond the improvement of the “tools and gadgets” used
during conventional root canal treatmentwhich are less invasive. MIE channels the treatment in restoration of
pulpally involved tooth aiming at the its reparative potential. Consequently, there 15 loss of dental hard tissue
and subsequent weakening of the treated tooth as reviewed by Kishen and Al- Omiri, increasing their fracture
potentialas studied by Reeh et al.”,

Pulp dentinal complex: an underestimated fuctor:

The complex functions as an exquisiteresponse sensory system with unusual mechanisms to defend 1t
from insults, Thorough understanding of this complex simplifies the treatment protocol, Studies by Pashley et
al. using 1 ™' demonstrated the role of dentinal tubules in pulpal pathogenesis. Initial stimulation or irttation of
odontoblasts lead w subseguent inflammation, tissue destruction and ultimately some amount of repair.
Structural aspects of dentin have to be revised for a better understanding of these processes.

Dentin sub structure: The response of the underlying pulp is determined by two properties of dentin-
its permeability and its sensitivity, Dentin substructure is penctrated by millions of tubules and their density
varies rom 40,000 w 70,000 twbules per square millimeter, The diameter of which varies from [pm at the DE]
to 3um at the pulpal surface. The variations in size and surface area covered by tubules are important in the
pathogenesis of pulpal inflammation. The degree of pulpal damage increases exponentially with permeability.
Dentin sensitivity is determined by odentoblastic processes, tubular fluid dynamics and sensory innervation,

Pulpal reactions: Pulpal immune response involves humoral and cellular challenges to invading
pathogens. The host immune response increases in mtensity as infection advances, Odontoblasts and dendritic
cells play a pivotal role in immunologic responses. Objective clinical findings are needed for determining the

DOL TO9THYOES3-190T 130617 www. iosrjournal.org 6| Page
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The Effects of Endodontic Access Cavity

® CrossMark

Preparation Design on the Fracture Strength of
Endodontically Treated Teeth: Traditional Versus
Conservative Preparation

Taba Ozyirek, DDS, PhD,* Ozlem Ulker, DDS,” Ebru Ozsezer Demiryiirek, DDS, PhD,*

and Fikret Yilmaz, DDS, PhlyY

Introduction: The aim of this study was to compare the
fracture strengths of mandsbular molar teeth prepared
using traditional endodontic cavity (TEC) and conserva-
tive endadantic cavity (CEC) methads and restared using
SDR (Dentsply Caulk, Milford, DE} and EverX Posterior
{GC Dental, Tokyo, Japan) base composite materials.
Methods: A hundred mandibular first molar teeth
woere randomby divided into 5 groups. In group 1 (the
control group), samples were kept intact. In group 2,
TECs were prepared, and the samples were restored
with EverX Posterior and composite resin, In group 3,
CECs weere prepared, and the samples were restored
with EverX Posterior and composite resin. In group 4,
TECs weere prepared, and the samples were restored
with S0R and composite resin. In group 5, CECs were
prepared, and the samples were restored with SDR
and composite resin, This load was applied on the sam-
ples at 1-mm/min speed using a 6-mm round-head tip
until fracture. The forces resulting in fracture were re-
corded in newton units. The data were analyzed using
Kruskal-Wallis and Pearson correlation tests at a 5% sig-
nificance level. Results: The fracture strengths of the
samples in the control group were significantly higher
than the experimental groups (P < .05), There was no
statistically significant difference in the endodontic ac-
cess cavities prepared used the TEC and CEC methods
and restored using the same composite base material
(P = .05). Conclusions: CEC preparation did not in-
crease the fracture strength of teeth with class Il cavities
compared with TEC preparation, The fracture strangth of
teeth restored with the SDR bulk-fill composite was
higher than that of teeth restored with EverX Posterior.
(J Endod 207 8:44:800-805)

Key Words

Conservative access cavity, EverX Posteror, fracture strength, SDR, traditional access
cavity

he structural, esthetic,

and functional rehabil-
itation of endodontically
treqated teeth is very diffi-
cult (1), Previous sudies
showed that by eritically
reducing the amount of
dentin, endodontic access
cavity preparation decreased the fracture strength of weeth and increased cuspal deflec-
tion during function (241, In traditional endodontic cavity (TEC) preparation, the
controlled removal of the tooth structure is supported to prevent complications that
can ocour during endodontic treatment (3, 61, The loss of dentin and anatomic
structures, such as cusps, ridges. and the pulp chamber roaf, can result in fracture
of the tooth after the inal restoration (7). I contrast o TEC preparation, conservative
endodontic eavity (CEC) preparation is a minimally invasive procedure that can pre-
serve bonth structures, such as pericervical dentin (7140, There are no exact rules
1o prepare the CEC; the aim is to preserve as much of the tooth structure as possible
and to locate the canal orifices, In the present study, CECs were prepared
consldering 1 tooth with a mestal cavity.

Advancernents in adhesive technelogy have enabled conservative and esthetic post-
endodontic restoration (15 ). Conventional composites and owabbe bulk-Gll base com-
posites, which can be bulk filled in lvers up o 4 mm in thickness, are a good aliernative
for the restoration of endodontically treated posterior teeth (160, A well-known
example of bulk-fill base composites is SDR (Dentsply Caulk, Milford, DE). SDR has
an increased depth of cure because of increased translucency (171 3DR includes a flex.
ible polymer that does not transkate the shrinkage stress 1o the tooth. Thus, it is lvpeth-
esized that this will reduce the strengthening effect of the composite on e tooth.

Kew compasite resin—hased materials, including polvethylene and ghass fibers, are
also avilable for use in endodontic restoration © 150, The use of newly developed fiber-
based compaosites means that wide cavities exposed to a high level of stress, especially
these in pesterior teeth, can be more successfully restoved 191, EverX Posterior (G0
Dental, Tokyo, Japan) has been intreduced for dentin replacement in karge, deep, and

Consarvative endodontic cavity preparation was
propased to reduce fracture risk of endedaentically
treated teeth. Conservative and traditional end-
adantic cavity preparation showed similar fracture
strangth, which was lower than the intact teath.
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During patient treatment, the clinician needs to consider many factors that will affect
the ultimate outcome. In simple terms, these factors can be grouped into 3 categories:
the operator needs, the restoration needs, and the tooth needs. The operator needs
are the conditions the clinician needs to treat the tooth. The restoration needs are
the prep dimensions and tooth conditions for optimal strength and longevity. The tooth
neads are the biologic and structural limitations for a treated tooth to remain predict-
ably functional. This article discusses molar access and failures of endodontically
treated teeth that occur not because of chronic or acute apical lesions but because
of structural compromises to the teeth that ultimately renders them useless. What
both authors have discovered in their respective practices through careful ocbserva-
tions of failing cases and modes of failure, and observation of the truly long-term
(decades) successful cases, is that the current models of endodontic treatment do
not lead to long-term success. The authors want to coronally shift the focus to the
cervical area of the tooth and create awareness for an endorestorative interface.
This article introduces a set of criteria that will guide the clinician in treatment deci-
sions to maintain optimal functionality of the tooth and help in deciding whether the
treatment prognosis is poor and alternatives should be considered. This article is
not an update on traditional endodontic access, as the authors believe the traditional
approach to endodontic access is fundamentally flawed. Traditional endodontic
access has been endodontic centric, primarily focused on operator needs, and has
been decoupled from the restorative needs and tooth needs. Central to our philosophy
is that balance needs to be restored to these 3 needs, which are almost always in
conflict when performing complete cusp-tip to root-tip treatment.

Disclosure: Drs Clark and Khademi will receive a royalty from the sales of CK Endodontic Access
burs. httpfwanw sswhiteburs.com.
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The following case studies provide insight into the integration of the principles set
forward in the preceding article. Each case is evaluated first on the endorestorative
principles that form the basis of the modern endo-endorestorative-prosthodontic
continuum. Endorestorative needs should, whenever possible, trump previous notions
of endodontic needs.

Case 1 is provided by Dr Clark, and cases 2 to 6 are provided by Dr Khademi. Dr
Clark's provides a stark contrast between the old and new models of endodontic
access and shaping. Dr Clark then risks avoiding postplacement but also avoids the
mutilating effects of a full crown by instead providing a minimally invasive restorative
technigue using direct composite to permanently splint the tooth for ideal function.

Case 2 shows the possibilities in a maxillary meolar when an emphasis is made on
banking of coronal and pericervical dentin (PCD). The conscientious preservation of
tooth structure during access and endodontic shaping allows a second, and possibly
third, prosthesis (crown) during the patient's lifetime.

Case 3 is an ideal study of the realities of day to day endodontic access. This
thought provoking access teaches that the authors are not accessing a crown, but
accessing the root through the crown. This tipped and rotated maxillary molar; is
also mutilated and coronally altered with a PFM crown creating a mirage that could
easily lead to gouging and even perforation unless the operator follows the disciplined
approach outlined in the text.

Case 4 iz an access through another PFM crown. The importance of proper access-
ing through full crowns should not be underestimated, as the pulpal death rate from
a full crown procedure has been documented in some studies to be well over 20%.

# 3402 South 38th Street, Tacoma, VWA 98409, USA
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Abstract

Introduction: Contracted endodontic cavities {CECs)
have developed from the concept of minimally invasive
dentistry and provide an alternative to traditional end-
adontic cavities (TECS). They have been designed in an
effort to preserve the mechanical stability of teath.
The contracted cavity design preserves more of the
dentin but may influence the geometric shaping param-
eters. The aim of this micro—computed tomographic
study was to evaluate the influence of contracted end-
odontic cavities on the preservation of the original
root canal anatomy after shaping with nickel-titanium
rotary instruments, Mathods: Thirty extracted human
mandibular molars with fully formed apices and inde-
pendent mesial canals were randomly assigned to group
1{TEC) and growp 2 (CEC). Each group was shaped using
ProGlider (Dentsply Maillefer, Ballaigues, Switzerland)
and WaveOne Gold {Dentsply Maillefer). Imigation was
perfarmed wath 10% EDTA and 5% sodium hypochlo-
rite. Samples were scanned before and after canal
shaping to match canal volumes (SkyScan; Bruker mi-
crolT, Kontich, Belgivm [100 kY, 100 wA, and 15-um
resolution]), and images were analyzed to evaluate ca-
nal volumes, surface areas, and centroid shift on cross
sections at —1 mm and —3 mm from the apex. Results:
TECs showed a greater preservation of the onginal root
canal anatomy with less apical transpertation than
CECs, possibly because of the absence of coronal inter-
ferences and, therefore, fewer pecking motions required
te complete instrumentation. Conclusions: Within the
limitations of this study, TECs may lead to a better pres-
ervation of the original canal anatomy during shaping
compared with CECs, particularly at the apical level, {J
Endod 2018,44:614-620)

Key Words

Cenitering ability, contracted endedontic access, micro—
computed tomegraphy, minimally invasive, nickel-tita-
nbum instruments, shaping outcomes

Significance

A vt
ion s considered a
fundamental step i ortho-
arade endodontic treatment
(1), Complete removal of
the pulp chamber mof is
cructal 1o avodd bacterial
contamination from  palp
residues (2, 31, Moreover,
an approprizte access may promote canal detection and enhance instrumentation
efficacy by avoiding coronal interferences (4). Contracted endodontic cavities
{CECs) have stemmed from the concept of minimally invasive dentistry (5, 6). They
have been presented as an alternative to traditional endodontic access cavitles
(TECs) designed to preserve the mechanical stability of the woth (7, 2). However,
alihough the contracted cavity design retains more dentin, it may influence the
peometric shaping paramelers, In contracled seces cavities, coronal interference
may canse endodontic instruments to work primarily on the internal surface of the
root canal, resnlting in root canal transportation. Recent studies have shown that
root canal ranspontation negatively affects long-term prognosis after endodoniic pro-
cedures because of excessive removal of dentin and straightening of the original root
canal enrvature (9-13). However, no data are available regarding the influcnee of
combracted cavilics on geometric shaping outoomes,

Micro—computed tomographic (micro-CTH imaging is considened 4 refiable method
10 sissess the aquelity of root canal shaping throogh the analysis of 2-dimensional (200 and
F-dimensional {30} geemetric shaping pacameters (1416}, The aim of this micro-CT
stuidy was to evaluate the influence of CECs on the preservation of the original reot canal
anatony afier shaping with nickel-titanium reciprocating instruments.

Freshlv extracted mandibular first permanent molars with fully formed apices
were used in accordance with the local ethics committee. A sample size of 15 per
group was cilcolated with G=Power 3.1.4 (Kicl University, Kiel, Germany) to sét the
study power at 80% (2 large effect sive equal © 1 was considered for the sample
sive caleulated), After debridement of the root surface, specimens were immersed
in s 0.01% sodivm hypochlorite (NaOCL) solution at 4G for 24 hours and then stored
in saline solution. A wotal of 40 weth were selected, Specimens were mounted on a
custom-made support in order to perform preliminary low. resolution micro-CT scans
{SkySean 1172; Bruker microCT, Kentich, Belgium} to attain an overall outline of the
rool canal anatomy and o ensure inclusion criteria were met (1712 A total of 450

The influence of contracted endodonfic access on
root canal anatomy preservation after shaping with
MITi instruments was evaluated. The use of the
traditional endodontic access during clinical prac-
tice may lead 1o less canal transpartation at theapi-
cal heel.
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Abstract

Intraduction: Ima root canal treatment, the first step that is done is endodontic access, the access cavity plays an important rale in
gond instrumentation and delivery of imrigants during the endodontic process. [Fa gond endodontic access cavity is lacking, then the
entire procedure is compramised at some level since an effective cleaning and shaping is the most essential for the success of a oot
canal procedure, An inadequate endodontic access cavity makes everything difficult in the treatment starting from lecating the canals
to negotiation, debridement, disinfection, and later on, the obturation of the reot canals. & good endodontic access cavity also helps
in prevention of any iatregenic error during raot canals like perforation, ledge formation, and instrument separation.

Aim of the Worle: This study aims at assessing the conservative access cavity designs and comparing them with the traditional access
cavity designs,

Methodology: The review is a comprehensive research of FUBMED from the year 1994 to 2017,

Conclusion: Minimal invasive dentistry involves the use of matural tooth structure more than any artificial restoration for strength
anmd esthetic functions. The conservative aooess cavity has a stepwise approach that aims at conserving the natural tooth structure.
The advent of microscopes and CBCT imaging are the most important aids that help in the success of the endodontic cavity
Keywords: Controcted Accesy Covity; Truss Covity Design; Ningr Access Covity; Saffit; Pericervical Dentin

Introduction

The recent pass in Conservative Dentistry and Endodontics has seen a new revelution which aims at preserving the natural tooth
structure as far as pessible and being the most conservative one can get [ 1], In a root canal treatment, the first step that s done is endo-
dontic access, the access cavity plays an important mole in good instrumentation and delivery of irrigants during the endodontic process. [F
a grmd endodontic access cavity is lacking, then the entire procedure is compromised at spme level since an effective dleaning and shaping
is the most essential for the success of a root canal procedure [2]. An inadeguate endodontic access cavity makes everything difficult in
the treatment starting From lacating the canals to negetiation, debridement, disinfection, and later, the abturation of the root canals &
gond endodontic access cavity alsa helps in prevention of any iatrogenic error during rost canals like perforation, ledge farmation, and
instrument separation [3].

Conventional endodontic access cavity

The traditional endodontic access cavity has a predetermined shape according to the type of teath (Figure 1),

Flgure I: Tradittonel Trapezoidel shoped endodontic cavity for lwer first moler f4].

Citation: Mohamed Hany Ahmad Abd Elghany and Haneen Abdullah Aljubeed. *Conservative Access Cavity Preparations”. EC Dental Sci-
ance 192 [2020]: 01-06.
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Silva EJNL, Pinto KP, Ferreira CM, Belladonna FG,
De-Deus G, Dummer PMH, Versiani MA. Current
status on minimal access cavity preparations: a critical
analysis and a proposal for & umiversal nomenclature.
International Endodontic Journal, 63, 1618 1635, 2020,

In the last decade, several access cavity designs invol-
ving minimal removal of tooth tissue have been
described for gaining entry to pulp chambers during
root canal treatment. The premise behind this concept
assumes that maximum preservation of as much of the
pulp chamber roof as possible during access preparation
would maintain the fracture resistance of teeth following
root canal treatment, However, the smaller the access
cavity. the more difticult it may be to visualize and deb-
ride the pulp chamber as well as locate, shape, clean

and fill the canals. At the same time, a small access ¢

ity may increase the risk of fatrogenic complications as
a result of poor visibility, which may have an impact on
treatment outcome. This study aimed to critically anal-
yse the literature on minimal access cavity preparations,
propose new nomenclature based on seli-explanatory
abbreviations and highlight the areas in which more
research is required. The search was conducted without
restrictions using specifics terms and descriptors in four
databases. A complementary screening of the references
within the selected studies, as well as a manual search
in the highest impact journals in endodontics, namely

International  Endodontic  Journal and  Journal — of
Endodontics, was also performed. The initial search
retrieved 1831 publications. The titles and abstracts of
these papers were reviewed, and the full text of 94 stud-
fes was assessed. Finally, a total of 28 studies were iden-
tified as evaluating the influence of minimally invasive
access cavity designs on the fracture resistance of teeth
and on the different stages of root canal treatment {ori-
fice: location, canal shaping, canal cleaning, canal filling
and retreatment).  Overall, the stoadies had  major
methodological  drawbacks and  reported  inadeguate
and/or inconclusive results on the utility of minimally
invasive access preparations. Furthermore, they offered
limited scientific evidence to support the use of mini-
mally invasive access cavities to improve the oulcome of
root canal treatment and retreatment: they also pro-
vided little evidence that they preserved the fracture
resistance of root filled teeth to a greater extent than
traditional access cavity preparations, It was concluded
that at present, there is a lack ol supporting evidence
for the introduction of minimally invasive access cavity
preparation into routine clinical practice and/or training
of undergraduate and postgraduate students,

Keywords: conservative endodontic  cavity, en-
dodontics, fracture resistance, minimal access cavity
preparation. minimally invasive access cavily, root
canal treatment.
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Phenotypic comparison
of periodontal ligament
cells in vivo and in vitro

Lekic P, Rojas J, Birek O, Tenenbawm H, McCulloch CAG
.F‘J’.lrvu.-n_l-p.‘r r-mn.lmn'.u:-u u,f'Jl?g'rl'm.l'r}.'Hm' fgamens celly in vivo g inovitro.
J Periodoni Res 20001 36 71-79. @ Munksgaard, 2001,

The mammalan periodontal ligament contains heterogencous populations

of connective tissue cells, the precise function of which is poorly understood.
Despite close proximity to bone and the application of high amplitude physical
lorces, cells in the periodontal ligament (PL) are capable of expressing regulatory
factors that maintain PL width during adult life, The study of PL homeostasis
and PL exll differentintion requires culture and phenctypic methods for precise
characterization of PL cell populations, in particular those eells with an inherently
ostesgenic program. Currently it is unknown if cells cultured from the PL are
phenotypically similar to the parental cells that are present in the tissues. We have
compared the phenotype of cells in wive with cells derived from the PL and
expanded m vitro 1o assess the general validity of s vitre models for the study of
phenotypic regulation i vivo. Rat PL cells were isolated by either scraping the root
of the extracted first mandibular molars (Group A). or by scraping the alveolar
socket folluwing extraction of first mandibular molars {{_}rnnp B, or h}' u,ﬂ'n:n'mng
a mixture of cells after disaggregating a block of tissue consisting of first mandibular
maolar, PL and the surrounding alveolar bone (Group C). Cultured cells at
confluence were lxed and immunostained for z-smooth muscle actin {z-SMA),
osteopontin (OPN), alkaline phosphatase (AP), or bone sialoprotein (BSP).

For fir vive assessments, frontal sections of rat first mandibular molar were
immunestained for 2-SMA, OPMN, AP and BSP, We examined osteogenic
differentiation of cultured PL cell cultures by bone nodule-forming assavs. fir vive
and at all examined sites, =68% of PL cells were immunaostained for AP; ~ 30%,
and ~ 51% for QPN and 2-SMA { p=10.3), respectively, while only ~ 8% were
positively stained for BSP (p<0.01). Analysis of cultured PL cells in Groups A, B
and C showed 54%, 53% and 56% positive staining for 2-3MA respectively;
51%, 56%, 54% for OPN: 66%, 70%, 69% for AP and 2.2%, 1.4% and 2.8%
for BSP. The mean percentage of PL cells in sitg stained For the different markers
was similar to that of cultured PL cells (Group A ~ Group B~ Group C in site for
p=02)except for BSP which was 3 to 4 fold higher in viva { p<0.01). PL cell cultures
treated with dexamethasone showed mineralized tissue formation Tor all groups
(AL B, C). but no mineralized tissue formation was detected in the absence of
dexamethasone, As PL cells express quantitatively similar phenotypes i visro and
i vive, we conclude that the i wirro models used here for assessment of PL cell
differentiation appear to be appropriate and are independent of the cell sampling
method. Further, dexamethasone-dependent progenitors are present both on the
root and bone-related sides of the PL.
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lower molar: A case report
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ABSTRACT

Chennad — 600 077, Tamil Nadu, India. Phone: +91.9840136543. E-mail: drenramesh@gmail.com

This case report describes a clinical case of lower molar submitted to root canal treatment with emphasis on a new conservative approach
employed in access opening, A 32-year-old female patient suffered severe sensitivity of the right lower first molar with severe attrition involving
enamel and dentin as well as pulp exposition. The woman was glven root canal treatment with a new conservative approach on access opening
of lower molar in single visit and high strength direct composite restoration done, This technique mainly implies on the preservation of the
remaining tooth apart from pm\'i(ling adequate disinfection, preparation, and ﬁlling of the root canal.

Keywords: Conservative approach, access opening, minimal invasive dentistry, preservation of woth structure

Introduction

Minimal invasive dentistry is of great biological value than the artificial
prosthesis. For the past few decades, the need for the conservation
of tooth structure has been increasing in dentistry, especially in
the preventive and restorative part of dental treatment, Carious
lesions and dental fractures are usually associated with endodontic
pathologies. The field of endodontics started focusing on new
conservative appw\a(‘hc\' on access opening of root canal treatment
This technique mainly implies on the conservation of remaining

tooth structure,

Case Report

A 27 year-old female patient was re ferred 10 a dental clinic with severe
sensitivity in the right lower back tooth region. Intraoral examination

revealed severe attrition of the right lower first molar [Figure 1].

R.ulingrnphir examination showed radiolucency involving enamel,

dentin, and pulp [Figure 2].
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Coronal access

Following the delivery of local anesthesia and isolation with rubber
dam, coronal access was made out just exactly above the mesial pulpal
horn [Figure 3], The access to pulp chamber was gained from occlusal
surface to roof of the pulp chamber by orienting the bur parallel to
the long axis of the tooth in oval shape buccolingually with an Endo
access bur (Dentsply /Maillefer bur size no #2}. Then, the bur was
placed over the distal pulpal horn and the access to the pulp chamber
is gained [Figure 4. An Endo Z bur was used inside the pulp chamber

at high-speed rotation creating a divergent walls in the access cavity.

l'igurc 13 Pre-operative clinical photograph

new creations are licensed under the identical terms

This Is an cpen access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike
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Remaining Tooth Substance on Fracture Strength
of Endodontically Treated Teeth

Giacomo Corsentino, DDS, PhD, " Eugenio Pedulla, DDS, PbD, Laura Castelli, DDS,*
Marzia Liguori, DDS, " Valentina Spicciarvelli, DDS,” Marco Martignoni, DDS,"
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Introduction: The purpese of this study was to assess
the impact of access cavity preparation and the remain-
ing tooth substance om the fracture strength of
endodontically treated teeth. Methods: One hundred
sound mandibular first and second molar teeth were
selected and divided into 1 contrel and 9 test groups
{r = 10¥group) as follows: control group, intact teeth;
group 1, teeth prepared with traditional endodontic ac-
cess cavity (TEC); group 2, teeth prepared with conser-
vative endodontic access cavity (CEC); group 3, teeth
prepared with truss endodontic access cavity (TREC);
groap 4, TEC + 3 residual walls; group 5, CEC + 3 resid-
ual walls; groug &, TREC + 3 residual walls; group 7,
TEC + 2 residual walls; group 8, CEC + 2 residual walls;
and group 3, TREC + 2 residual walls. After access cavity
preparation, all test teeth were endodontically treated
and restored, The specimens were then loaded to frac-
fwre in a wniversal loading machine (Triaxial Tester
T400 Dngital; Controls s, Cemusco, Ialyl, and fracture
values were recorded in newtons. The data were
analyzed with 2-way analysis of variance and Tukey
post hoc analysis for multiple comparisons (P < .05). Re-
sults: Intact teeth were more resistant to fracture than
the teeth in all the test groups. Mo statistically signifi-
cant differences were found between the 3 tested access
cavities (P = .05). Significant differences were obsenved
hetwean the different number of residual walls
(P = .05). Conclusions: TRECs do not increase the frac-
ture strength of endodontically treated teeth in compar-
isgn with CECs and TECs, Moreover, the loss of mesial
and distal fidges reduced the fracture strength of teeth
significantly. {J Endod 2018:44:1416-1421)

Key Words
Conservative access cavity, fracture strength, mesio-
occlusal-distal cavity, residual walls, truss access cavity

The endodontic access cavity design and the loss
of 1 or 2 walls reduce the fracture strength of intact
beath, The access cavily designs lested did not in-
fluence the fracture strength of freated testh that
was reduced by the loss of 2 manginal walls.

Endod:mtimlly treated
teeth  are  more
exposed than vital eeth
to fracure risk during
function (1-4). A large
mnmbser of factors,
especilly the loss of dental
substance, contribute to
this failure (1, 5-9). Endodontic access cavity preparation could influence the
quantity of the residual dental substance {10). Consequently, inspired by the
minimally invasive dentistey coneept (11, conservative endodontic access cavity
(CECY preparation was proposed o preserve woth structuee maximally (11 125,
The CEC technique has been widely deseribed in the liersture (13-163, Some
endodontists have emphasized this principle by cremting “ninja” and “truss”
endodontic access cavities (NECs and TRECs, respectively). An NEC consists of a
small hole on the occlusal surface that should allow the clinician to find and access
all of the canal erifices (16). On the other hand, a TREC consists of divect access
from the occlusal surface o each canal orifice, avoiding removal of the whele pulp
chamber roof (171 An NEC could compromise the complete removal of the infecied
pullp tisswe as well as make canal shaping more diffiouliand less safe (160, A TREC, also
called orifice-directed dentin conservation access, significantly compromised debride-
ment of the pulp chamber of endodontically treated teeth (151,

It was reparted that CEC preparation could increase the strength to fracure of
endodontically wreaed teeth in comparison with a raditional endodontic access cavity
(TEC) (77, bt at the same time it could compromise instrumentation efficacy in distal
canils of mandibular molars (15). Regarding the influence on the strength of endodon-
tically trested teeth, only a previous study evaluated NEGs (16, whereas no articles are
actually avaikable on TRECs,

The fracture strength of endodontically treated teeth also could be affected
by Insufficient residual dental substance because of caries that produce the loss
of 1 or more dental walls (19, 200, Indeed, it is more clinically common 1o
treat endodontically eeth thar have lost sirecture for several reasons (16,
Therefore, the aim of the present study was o evaluate the influence of the
loss of the mesial or the mesial and distal walls in combination with TEC,
CEC, and TREC preparation on the fracture strength of endodontically reated
teeth.
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Abstract: New minimally invasive endodontic cavities have been described and proposed to preserve
dentin (and enamel) through strategic access, including point endodontic access cavity (PEAC). There
is no consensus to what extent PEAC contributes to tooth’s resistance to fracture, because there is no
agreement on how PEAC should be performed. The purpose of the present study is to describe and
classify four different tvpes of PEACs and to examine if a dynamic navigation system [DNS) could
allow planning and precisely executing these cavities in vitro. Forty TrueTooth TM Replica # 3-001
muodels, were randomly divided into four identical groups of ten and scanned using a cone bean
computed tomography (OP-Maxio 300, Instrumentarium-Kavo, Finland), Then, four different access
cavities were planned and performed by using DNS (Navident dynamic navigation system, ClaroMav,
Toronto, ON, Canada). For each tooth, a different PEAC was designed to obtain endodontic access to
the main mesio-buccal canal (MB1), resulting in a different location of the entry point on the occlusal
surface of the tooth, Precision was evaluated by comparing deviation in the inclinations between the
planned and real cavity. Data were recorded and statistically analyzed. DNS allowed preparation of
minimally invasive “straight line” cavities, with some differences in the accuracy.

Keywords: dynamic guide; digital planning; minimally invasive dentistry; conservative endodontic access

1. Introduction

In endodontics, the development of safer motor instruments and techniques of instrumentation
associated with the support of three-dimensional assessment of dental anatomy is leading clinicians
to operate in a more secure environments with enhanced predictability of outcomes: performing
minimally invasive access cavities represents the goal of all these improvements [1-1],

Minimally invasive endodontics (MIE) is a clinical approach aiming at performing endodontic
techniques and instrumentation, with minimal loss of tooth structure. The basic concept is to disinfect
the pulp chamber, then properly clean, shape and fill the root canal systems—without sacrificing
extensive occlusal enamel and dentin in the crown and roots. Several studies have shown that the
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Silva EJNL, Pinto KP, Ferreira CM, Belladonna FG,
De-Deus G, Dummer PMH, Versiani MA. Current
stabs on minimal aceess cavity propardtions: a crisical
analysis and & propossl for o wniversal Fomeelaiung.
Innemaronal Endodonnic Jowins, 53, 1618-1635, 2020

Inn the kast decade, several access cavity designs invol-
ving minkmal removal of teoth  tsse bave been
diseribed for gaining entry 0 pulp chambers during
rood canal trestment. The premise behind this concept
assurmes thal maximum peeservation of & much of ihe
pulp chamber ool as pessibhe during access preparation
woukl madnfain the fracture resistance of teeth following
raod canal weatment. However. the smaller the aceess
cavity, the moere dificalt it may be io viseallze and deb-
ride the palp chamber as well as locate, shape, clean
and Gl the conals, At the same tme, o small access cov-
ity may increass the dsk of latrogenic complications as
a resali of poor visibility, which may have an impact an
trestment putcome. This study aimexl o oritically anal-
v the literabhare on minimal access cavity preparations,
propese new nomenclaiture based on sellexplanatory
abbrevistions and highlight the areas o which maone
ressesirch B required. The sarch wias conducted withoot
resitrictions usdng specilics terms and descrigilors i loer
databasas. A complanentary sereening of e relerences
within the selected studies, as well as a manual ssach
i the highest impact journals in endodontics. namedy

Intermational  Endodentic Journal - and - Joumal  of
Endodontics, was abo perdormed. The initial search
retricved 1831 publications, The tiths and abstracts of
these papers were reviewed. amd the Tull test of %4 shxd-
ies was assessed. Finally, a total of 28 studies were iden-
tilid a5 evaluating the influence of minimally invasive
access cavily designs on the fracture resistance af teeth
amd o the dilferent atages of roal canal reatiment {on-
fice kocation, canal shaping, canal cleaning, canal filling
and  petreatmentl.  Overall, e stsdies had  mnjor
methoddogical drawbacks  and  reported  inadequate
andfor nconclusive resulis on the atility of minimally
Invasive socess preparations. Fumhermore, they offered
lbmiterd seiendific evidence to support the use of mini-
mally invesive socess cavities te mprave the auteome of
root conal treatment and retreatment: they also pro-
wiled little evidence that they preservad the fractare
reststance of rood filled testh fo & greater extent than
traclitional access cavity preparations. It was concladed
thiat at presend, there 5 a lack of supporting evidence
for the introclaction of minmmally invasive access cavity
preparation mito rmeine dimdcal practice and'or iraining
of undergradhsate and postgraduate students.

Keywaords: conservative  endodontic  cavity, en
dodimlics, Imsclune resistance. minimal access cavily
preparation. minimally invasive access cavily, rool
canal treatment.
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Trends|towards conservative endodontic treatment

INTRODUCTION
ctﬂl&iﬁlﬂr ERisy Pi.lli!:ll.t W]HJ 11H.‘i come toa IJE'I:ItiJ]

office and undergpoes o screening exarmination.

A quick Took ar any misang teeth may prompt
a demtise to ask, why were these teeth lost? VWhale
patient responses may be vagee, the answer often
inwvelves  fractured  endodontically  ereated  teeth
(ETT) For the most pare, teeth thar require end-
odentic treatment have already undergpone o prior
sequence of restorative procedures, which imvarably
results in dentin loss and structural weakening, The
addition of endodontic treatment to this sequence
rernoves additional coronal and radicular dentin
and potentially further decreases fracture resis-
tance.! Dentan removal during root canal treatment
(RCT) is consadered an operator (modifiable) factor
that could be assoctated with inereased vertical root
fracture incidence. Vertical root fractures (VREF) are
defined as fractures, wsoally imvolving ETT, that
are initiated exclugively 1 the root and wltimately
ead o tooth loss.

The goal of endodontic treatment is stated as the
“preventien and healing of apacal pertodontatis™* Over
the last six decades, much of the endodontic research
has been feeused on bow to sucomefully manage api-
cul periodontitis (AF). The momtoring of AP pro-
gressim consists of two parts: a clinseal aspece that is
focused around patient syrptoms and a Bme-depen-
dlemt radsegraphic evaluation of bone volume chang-
s arcund root apsces. Clinaeal symptoms, if present,
ot frequently resalve Eirly quickly afver BICT, Jow-
ever the radiographic evaluation las foemed the matn
foeus of endodonte sutcormes ressarch. These clinieal
studies, albent very few in comparison o laboratory
resenrch, have inberent flaws, some of which include

Baobby Nadean, DDE; Dale JTong, DS Viraj Yora, DS, M5

ghoat observation tmes, uncontrollable confounding
variables, kow patient sample sees and loss of patients
tor follow-up ™ These shocteomings contribure to the
daificulry many researchers have had when rying w
find direct correlations between the technical aspect
af RCT and r.l.d.iugm{rl:li."huu]'lns‘ l:lfil.[li.\'_‘.l.l Em‘.riudun-
titis. Thus, over the vears, dentises performing RCT
have been forced o make clinical decsions under high
levels of uncertaimty.” While clinscians place a hagh
value on radicgraphic healing of periapical eisswes,
this outcomne measure may be meanimgles o asgop-
romatic patients who desive long-term voth survival.

A outeome s defined as an end result or evemt
succeeding an action. For the mese past, outcomes
in dentistry can be divided imto procesi-centered
outeormes and patient-centered cuteomes. ™ A pro-
cesg-centered outeonmse relates o the way in which
the operator exercises their dexterity to satisfy the
technicul standands of o procedure, either non-aur-
greal or surgical. In endodontics, many process-cen-
tered outeomes are assessed by the look” of the -
miecliate post-operative rdiograph.

Edveation and clinieal practiee in dentistey his-
torieally stem froan the biomedical medel which
foeuses on disease managernent.” Clinicians ane of-
ten wnawans of this model and how 1t governs their
rensnning since it represents the norm that cannot ke
questioned.” Diental interventsons consist of surgieal
procedures in the oral cavity. “Tradationally, these
mterventions are performed with an undivided fio-
cus on the process”” Comsequently, dentists remain
focused on technical processs, oot realising how
these may transkte on some eccasions o unfivorabbe
patsent-centered  outcomes. Furthermore, research
sgrgrests that clinscians think I:|:|.E_5.- know  what

Dv. Masdeas graduated with a DOS degree from Dalhousie University. AHer practicing as a
qunaral dentist in Nesfoundland for ore wear, he enroliad in the 3-pear Graduate Endodontics
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maiLuboronto.ca. Dr. Dale Jung was raised in Orange County, California He atfended Pomaona
Colkege in Claremont, Caldornia and gradusted with a dagree in Biology. Following college,
. g spent tmo years af the Natioral Instkute of Dental and Craniolacial Research in Bathasda,
Maryland whare b studied human salvary gland desslopmant and authored of co-uthored &
tew papers. Dr. Jung then moved back to Calformia to atend UCL S School of Dentisbry o pursue
& career in derdistry. Durineg his ime in dental school, D Jung became inberested in the fiek of
andodontics and foliceing dental schoid, he pursused s interests at Mew York University College
of Derdistry in Mas York Clby, Mesw York whera ha aanned bis cortification in Endodantics. Dr. Wiesg
Wara graduated from the University of Wastern Ontario with & DDS and a Master of Science and
& Carticate of Spacialty in Endodontics Tram the Unisersity of Wichigan. Dr. Wora is in full Sime
privabe practios in Vaughan, O, imited b microscopic consarvat e endodontics and restorative
danbistry. He may be contacked ol virajlandadontocendre.ca
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The influence of endodontic access cavity design
on the efficacy of canal instrumentation, microbial
reduction, root canal filling and fracture resistance

in mandibular molars

A. F. A, Barbosa', E. J. N. L. Silva'® (%, B. P. Coelho’, C. M. A, Ferreira® (%), C. O. Lima’

& L. M. Sassone’

“Depariment of Endadontics, Schaal of Dentistry. State ni

ity of Rio de Janeiro (UER]), Rio de Janeir

and “Department of

Endodontics, School of Dentistry, Grande Rio Unbversity (UNIGRANRIO). Bio de Janeiro, Brazil

Abstract

Barbosa AFA, Silva EJNL, Coelho BP, Ferreira
CMA, Lima CO, Sassone LM. The influence of
endadontic access cavity design on the efficacy of canal
instrumientation, microbial reduction, root canal filling and
fracture  resistance 0 mandibular  molars,  infernationsl
Endodontic Journal, B3, 1666-1679, 2020,

Aim To assess the impact of conservative endodontic
access cavities (CEC) and truss access cavities (TAC)
during root canal treatment performed on mandibalar
molars in terms ofr ability to shape and f6ill root
canals, microbial reduction in canals, and cleaning of
the pulp chamber, In addition, the fracture resistance
of the teeth after coronal restoration was assessed,
Traditional endodontic cavities (TEC) were used as a
reference technbque for comparison.

Methodology Thirly extracted intact mandibular
malars were scanned in a microcomputed tomogra-
phy device {(micro-CT), matched based on similar
anatomical features and assigned to TEC, CEC or TAC
groups  (n = 10). The specimens were accessed
accordingly, and root canals were contaminated with
bacterial suspensions of Enterococcus faecalis (21 days).
Subsequently. the first microbial sample was collected
from root canals (S1). The canals were initially pre
pared with Reciproc Blue B25 instrument [ollowed by
a second instrumentation using Reciproc Blue R40.
Eight mL of .3% NalDCl were used as an irvigant for
each instrument. A final irrigation  protocol  was

performed with 2 mL of 0.5% NaOClL 2 mL of 17%
FITA and another 2 ml of (0.53% Nai}l, Microhial
samples were collected from root canals after B25
(821, R4 (583) and hnal irrigation (54). The tecth
were rescanned after 54, Then, root canals were filled,
rescanned, restored and the teeth subjected to fracture
resistance tests. The statistical analysis was performed
with type I negative binomial and beta (-1 inflation
regression models for microbiclogical analysis. Instru-
mentation, flling and resistance to fracture results
were subjected to avova and Tukey tests (F < (0005,
Results 54 revealed no sipnificant  variations  in
microbial reduction amongst the groups (F > (L03).
TEC had a significantly lower percemtage of unpre-
pared surface area than CEC (P < 0.05) No differ-
ences were found regarding the percentage of dentine
remaoved, transportation, centring ability and filling
voids amongst the groups (P > 0.05). The TEC group
had a significantly lower volume of remaining root
filling material within the pulp chamber than CEC
and TAC groups (P < 0.05), There was no dilference
regarding fracture resistance amongst the groups
(* = (.05),

Conclusion Conservalive access cavities  did  not
offer any advantage in comparison with the tradi-
thomal endoedontic cavities In any of the parameters
considered, Furthermore, conservative methods were
assoclated with  larger percentages of unprepared
canal surface area and larger volumes of remaining
root filling material within the pulp chamber,

Correspondence; Emmanuel Joie Mogaera Leal Silva, Roa Herotides de (liveira, 61802, Toarai, Miterdi, R). Bl (e-mail:

nogusiraemmanuelis hotmail.com).
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Impacts of Contracted| Endodontic Cavities on

@ Crosshdark

Instrumentation Efficacy and Biomechanical
Responses|in Maxillary Molars

Brent Moore, DM}, Konstantinos Verdelis, DS, Pb_L‘-‘, " Andl Kishen, MDS, Pbﬂ:
Thuan Dao, DMD, MSc, DipProstho, PhD, FRCD(C)," and Shimon Friedman, DMD*

Introduction: Recently, we reported that in mandib-
ular molars contracted endodontic cavities (CECs)
improved fracture strength compared with traditicnal
endadontic cavities (TECs) but compromised instru-
mentation efficacy in distal canals. This study assessed
the impacts of CECs on instrumentation efficacy and
axial strain responses in maxillary molars. Methods:
Eighteen extracted intact maxillary molars were imaged
with micro-computed tomographic imaging [12-um
woxel), assigned to CEC or TEC groups (m = Qigroup),
and accessed accordingly. Canals were instrumented
(V-TaperZH; 55White Dental, Lakewood, MJ) with
2.5% sodium hypochlorite imigation, reimaged, and
the propartion of the modified canal wall determined.
Cavities were restored with bonded composite resin
(TPH-Spectra-LV: Dentsply Intemational, York, PA)L
Anaother 28 similar molars {n = 14igroup) with linear
strain gavges (Showa Measuring Instruments, Tokyo,
lapan) attached to masichuccal and palatal roots were
subjected to losd cycles (50-150 M) in the Instron Uni-
versal Testing machine (Instron, Canton, MA), and the
awial microsirain was recorded before access and after
restoration. These 28 molars and additional 11 intact
rmalars {control) were cyclically fatigued (1 million cy-
cles, 5-50 N, 15 Hz) and subsequently loaded to failure.
Data were analyzed by the Wilcoxon rank sum and
Kruskal-Wallis tests (o = 0.05). Results: The overall
mean proportion of the modified canal wall did not
differ significantly between CECs {49.7% =+ 12.0%)
and TECs {44.7% + 9.0%). Relative changes in axial mi-
crostrain responses to load vaned in both groups. The
mean load at failure for CECs (1703 + 558 N) did not
differ significantly from TECs (1384 + 377 N) and was
significantly lower (P < .005) for bath groups compared
with intact molars (2457 + 941 N). Conclusions: In
maxillary molars tested in witre, CECs did not impact

instrumentation efficacy and hiomechanical responses compared with TECs, ( Endod
2016:42:1779-1783)

Key Words
Endodantic cavity, fracture strength, instrumentation efficacy, minimally invasive, root
strain

Endﬁdmlh‘c Ireatment
aims 1o retgin eeh in
health and function for
the long-term (11, buot
teeth may fracture, neces-
sitating extraction (24,
A fracture risk factor is
loss of dentin, including
that  associated  with
drilling of endodentic cavities (4), Traditional endodontic cavities (TECs) emphasize
siraizhi-line pathways into canals to enhance instrumentation efficacy and prevent pro-
cedural errors (5, 6). The associated removal of pericervical dentin (7, ) can impact
biemechanical responses of teeth (9-14). Increased cuspal flexure associated with
TECs (9,12-14) may lead w increased strain at the erown and root surfaces
(11=131, which, in turn, may increase (e susceptibility of treated teeth w fractre
under functional leads (4 90 These biomechanical effects are undesirable, but they
may be moderated in the short-term by restoration of endedontic cavities with bonded
composite resin (12, 15-18).

Contracted endodontic cavities (CECs), inspired by concepis of minimally invasive
dentistry (19), emphasize woth structure preservation including pericervical dentin
(7, 81 We previously reported © 200 that CECs, compared with TECS, improved fractune
strength under @ continuons load in unrestored mandibular premaolars and mokirs but
not in meilkary incisors, and compromised instromentation efficacy in distal canals of
mandibukar malars but not in premalars and incisors, These results, suggesting that the
impact of CECs varied in different tooth types when unrestored, might not be extrapo-
lated 1o restored maxillary molars in which the morphology is distincily different. Also,
unlike available data on fraciore sieength of intct mandibular molars (21), respective
data on maillary mokrs are lacking. Therefore, this sndy assessed the impacts of CECs
on canal instrumentation efficacy and biomechanical responses in masillary molars

Fracture after endodontic treatment i3 an ongoing
concem. Mademn dentistry has seen a trend to-
wards minimally invasive irgatments. In endodan-
tics, remaval of tooth struclure increases the
suscaptibility of teeth to fracture that gave rise to
the concept of contracted cavities.
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Impacts of Conservative Endodontic Cavity on Root Canal
Instrumentation Efficacy and Resistance to Fracture
Assessed in Incisors, Premolars, and Molars

Rafesh Krisban, DDS,* Frank Pagueé, DMD, Arezou Ossareh, BASc, * Anil Kishen, MDS, PhD,*
Thuan Dao, DMD, MSc, PhD,” and Shimon Friedman, DMD*

Introduction: Conservative endodontic cavity (CEC)
may improve fracture resistance of teeth but compromise
the instrumentation of canals. This study assessed the im-
pacts of CEC an bath variables in 3 tooth types. Methods:
Extracted human intact maxillary incisors, mandibular
premaolars, and molars (n = 20fype] were imagad with
micro—computed tomographic imaging (20-um resolu-
tion} and assigned to CEC or traditional endodontic cavity
(TEC) groups {n = 10/groupftype). Minimal CECs were
plotted on scanned images. Canals were prepared with
WaveOne instruments {Dentsply Maillefer, Ballabgues,
Switrerland) using 1.75% sodium hypochlorite and
post-treatment micro—computed tomographic images
obtained, The proportion of the untouched canal wall
(UCW] and the dentin volume removed (DVR) for aach
tooth type was analyzed with the independent-samples
ttest. The 60 instrumented and 30 intact teeth (negative
control, i = 100type) were loaded to fracture in the Ins-
tron Universal Testing machine {Instron, Canton, MAJ (1
mmémin), and the data were analyzed with 1-way anal-
ysis of variance and the Tukey test. Results: The mean
proportion of UCW was significantly higher (P < 0&)
only in the distal canals of molars with CEC (57.2% +
21.7%) compared with TEC (36.7% + 17.2%). The
mean DVR was significantly smaller (P < 003) for CEC
than for TEC in incisors (16,09 + 4.66 vs 23.24 + 3.38
mm’), premalars (824 = 1.64 vs 1459 & 485 mm’),
and molars {33.37 & 67.71 mm”). The mean lozd at frac-
ture for CEC was significantly higher (P = 05) than for
TEC in premolars {586.8 = 116.9 ws 3284 + 56.7 N)
and molars (15869 = 196.8 vs 641.7 + 62.0 N In
hath tooth types, CEC did not differ significantly from
the negative controls, Conclusions: Although CEC was
associated with the risk of compromised canal instru-
mentation anly in the molar distal canals, it conserved
coronal dentin in the 3 tooth types and comveyed a

benafit of increased fracture resistance in mandibular molars and premolars. {J Endod
2014:40:1160-1166)

Key Words
Dentin volurme removed, endodontic cavity, fracture resistance, instrumentation
efficacy

Tr‘adiliu-nu] endodontic cavity {TEC) designs for different tooth types have remained
unchanged for decades with only minor modifications. Highlizhting “convenience
form” and “extension for prevention”™ (1), TEC promotes the controlled removal of
toasth structure bevond gaining acoess to canal orifices to facilivie cleaning, shaping,
and filling of root camals and W prevent procedural complications (1, 20
Consequent removal of waoth structure, coronal w the pulp chamber, along the
chamber walls, and around canal orifices, may undermine the resistance of the
toth 1o fracture under functional loads (3-5), Indeed, fractures and possible
subsequent extraction of root-filled teeth (6-9) have undermined the confidence of
dentists and patients in the long-term benefits of endodontic treatment 15, 10).

Recently, Clark and Khademi (10, 11 modified the endodontic cavity design to
minimize woth structure removal, Ino departure from the completely unrooled,
caronally divergent, straight-line access o canal corvatures, the comservative endodon-
tic cavity (CEC) preserves some of the chamber roof and pericervical dentin (100, Clin-
ically, the smallest CEC possible for each tooth can be outlined on cone-beam computed
tomagraphic (CBCT) images ¢ 12 by ploting the trajectory toward each canal. Although
the preserved tooth stroeturee may offer a benefit of improved fracture resistance under
functional leads (5), the confined CEC ouling restricts cleaning, shaping, and filling of
the rout camads (10, 110, ingreasing the risks of inelficient canal instrumentation amd
the occurrence of procedura errors (20, Specific investigation into CEC s warranted w
assess the associated risks and benefits for different woth types,

Mechanical efficacy of canal instrumentation is routinely assessed with nonde-
sruetive miceo—computed tomographic (micro-CT) imaging {13-15). Analysis of
pre- and postaperative miero-CT images enables measurements of changes in tool ca-
al morpholagy, including volume of the dentin removed and canal wall surface areas
untouched by instruments (13—15). Fracure resistance of teeth is routiney assessed by
simulated functional loading in the Instron Universal Testing machine (Instron, Canton,
MA} uniil fracture occurs (19, 200 Loading point, force, and direction can be
controlled and the load at fracture recorded (19, 20,
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Preparation of Oval-shaped Root Canals in Mandibular
Molars Using Nickel-Titanium Rotary Instruments:
A Micro-computed Tomography Study

Frank Pagué, Prof. Dy med dent, ™ Marc Balmer, med dent,* Thomas Aftin, Prof Dy med dent,

and Ove A, Peters, DMD, MS, PhDY

Abstract

Intraduction: This stucy evaluated the prepared surface
areas of oval-shaped canals in distal roots of mandibular
molars using four different instrumentation technigues.
Methods: Teeth were prescanned and reconstructed
using micro—computed fomography (MCT) scans at bow
resolution (68 wm). Forty-eight molars with ribbon-
shapedioval distal root canals were selected and
randomly assigned to four groups. Distal canals (n = 12
each) were prepared by crcumferential filing using Hed-
strom files to apical size #40 (group HICF); with ProTaper
nickel-titanium rotaries to finishing file 4 (F4) considering
the distal canal as 1 canal {group PTA); ProTaper to Fd
considering buccal and oral aspects of the distal canal
as 2 individual canals (group PTI2); ProTaper to F4 in
a circumferential filing motion (PTACFL. Befare and after
shaping, teeth were evaluated using MCT at 34-um reso-
luthon, The percentage of prepared surface was assessed
for the full canal length and the apical 4 mm. Statistical
analysis was performed using analysis of varance and
BonferroniDunn multiple comparisons, Results: Preoper-
atively, canal anatomy was statistically similar among the
groups (o = 0.56). Mean {+ standard deviation) untreated
areas ranged from 59.6% (+14.9, group PT2) to 79.9%
{103, PTA) for the total canal length and 65.2% to
74.7% for the apical canal portion, respectively. Canals
in group PTA1 had greater untreated surface aneas
(< 0.01) than groups PT/2 and PTICF. Amang all groups,
arvounts of treated surface areas were statistically similar
in the apical 4 mm. Conclusions: Prepasations of oval-
shaped root canals in mandibular molars left a variable
partion of surface area unprepared regardless of the
instrumentation technique used. However, considering
oval canals as two separate entities during preparation
appeared to be beneficial in increasing overall prepared
surface. () Endod 2010:36:703-707)

Key Words
Micro—computed tomography scans, nickel-titanium
instruments, oval root canaks, root canal preparation

e of the major procedural steps in endodontc reatment is w horoughly remone

debris, pulp tissoe, and microosrganisms from the root canal system by means of
chemomechanical preparation ¢ 1), To this end, it has been suggested to prepare canals
10 a homogenous tapered shape with the prepared canal including the preoperasive
ontline (1, 2. However, the root canal system is anstomically complex, and mechanical
instrumentation may result in preparation errors. Moveover, the use of both conven-
tronal hand files and curvent nickel-titaniom (8T} rotary instruments does ool result
in a fully prepared rood canal surface (3).

& funnel-shaped canal with a circubar base is not the common configuration in
root canal amomy (2), Recently, cross-sectional root canal configurations have
heen classified as round, oval, long oval, flatened, or irregular (4). Metrically, Jou
etal (4) defined “oval” s having a maximum diameter of up to 2 times greater than
the iminimum dizmeter and “long oval” as having 2 measimum diameter of 2 to 4 times
areter than the minimuwm diameter,

& high prevalence of oval and long oval root canals even in the apical root canal
portion has been reported (371, According to Wo etal (33, the prevalence of long-oval
root canals in the apical third of human teeth is generally aboat 25%; in some groups of
tieeth such as lower incisors and upper second premolars, the prevalence is greater than
0%, and in distal roots of lower molars, the prevalence is 25% 1o 30%. This complex
anatony ey be regarded as one of the major challenges in infection control through
rool canal preparation.

Ome aim in the preparation of infected mot canals is to remove the inner layer of
dentin (8], This gim is particularly hard 1o achieve when preparing long oval root
canals. Furthermore, after preparation, uninstrumented recesses may be left in many
oval canals, irvespective of the instrumentation technique, thus leaving debris and
unprepared root canal surfaces behind (8-13)

Various instrumentation technigques have been recommended 1o faciliate the
prequration of oval rool canals (135 The most common technigue using land instro-
ments is circumferential filing with K-tvpe or Hedsiriim files, Afier the introduction of
rotary NiTi instruments, laboratory research on extracied teeth has also addressed their
ability to shape oval root canals (12), However, in that study, rotary instruments, even if
wsed in a circumerential filing motion, were not superior compared with hand instro-
mentation techniques. More recently, the use of rotary instruments with taper larger
than 4% was shown to be more efficient tan land files in preparing oval rool canals
(14}, However, the tapered NiTi instruments used in that study were unable w
completely prepare oval root canal walls,

The previously mentioned sdies were performed on rosts of exiracted
tegth, which were sectioned before the preparation of the root canals. Then, root
cross-sections were assessed before and after preparation, thus representing
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Abstract

detected only with the CBCT images.

Background: The aim of this study was 1o evaluate the relationship between Endodontic Access Cavity (EAC)
types with MB2 canal detection ratio in the upper first molars.

Methods: A total of 60 roots of extracted human maxillary first molars were salected. All teeth were prepared
with Point EAC {PEAC), Conservative EAC (CEAC) and Traditional EAC (TEAC) respectively. After each group were
completed, extra canal was searched. Precperative and postoperative tooth weigh was calculated using precise
scale. McNernar's chi-square test and a paired test significant difference were used for statistical analyses.

Results: The EAC types statistically were changed of tooth tissue loss quantity (p = 0.000). MB2 detection rate of
CEAC (%53,3) and TEAC (%060} are higher than statistically that of PEAC (%31.6) {0 < 005, 8 teeth MB2 canal was

Conclusions: In upper molars, CEAC seems reasanable in terms of detected the MB2 canal and remaved hard tissue.

Keywords: Endodontic access cavity, Second resicbuccally canal, Upper molar, Minimal invasive therapy

Background

The fracture resistance for root canal-treated teeth is
less than that of vital teeth [1]. The reason might be due
to the hardness of vital dentin being more than that of
endodontically dentin [2]. It was observed in previous
stuies that endodontic access cavity (EAC) [3] and size
of its [4] are reduced to fracture resistance of tooth.
Most teeth that are extracted for endodontic reasons are
due to restoration causes [5). Therelore, sound tooth tis-
sue should be prepared as minimally invasive as possible
Lo increase the prognosis [6].

In the upper molars, though the MB2 canal ratio de-
pends on factors such as sex and ink [7], wsing various
techniques and devices may affect the MB2 canal detec-
tion ratio [8]. Using an operation microscope in the root
canal treatment increased the second mesiobuceal (MB2)
detection ratio of the maxillary molar [%]. The MBE2 may
be initiated a few millimetres beneath the pulp floor [10],

and specific ultrasonic devices, such as a troughing tip,

* Cormespondence: syhan? lathotrmail com
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wete sugpested for detecting such canals [11]. Minimally
prepared cavities would limit the detection of the channel
orifices’ localisation because molar teeth, in particular,
have various canal configurations [12]. Sub-pulpal groove
anatomies in maxillary first molars have indicated [13]
that they have mostly trapezoid (52%) rectangle (24%) and
triangle (16%) forms, The location of the canal orifices
may also change if the teeth have deviation and rotation
[14). Therefore, the relationship between optimum root
canal treatment and minimal invasive preparation is
critical.

With the development of different devices and tech-
nigques, contemporary dentistry has seen a minimally inva-
sive approach. Point endodontic access cavities, which are
known as ninja cavities [15], are opened by removing
minimum substance to reach root canals [16], Clark and
Khademi [17] have suggested a preparation technique
called a conservative EAC in order to remove minimal
tooth tissue. It was repocted [18] that teeth with conserva-
tive EAC possess greater fracture resistance than trad-
itional EAC. In current studies, the effect of conservative
access cavity on tooth resistance have been investigated

= The: Authirlsl 2018 Open Access This amicke s distibuted under the tems of the Creative Commans Atrbution 40
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Impact of Contracted L)
Endodontic Cavities on Root
Canal Disinfection and Shaping

ABSTRACT

Introduction: The impact of minimally invasive endodontic procedures on root canal
deniection has not besan determined, This ax wive study comparead reol canal disinfacton and
shaping in teeth with contracted or conventional endodontic cavities. Methods: Mandibular
incizors with oval-shaped canals were selected and anatomicaly matched based on micro—
computad tomographic (micro-CT) anahvais and distriboted imla 2 groups, Consarvative and
comventional access cavities were prepared, and the canals were contaminated with a pure
culture of Enfarccoccus faecals for 30 days. Root canal preparation in both groups was
parformed using the XP-ando Shaper instrument (FKIG Dentaire, La Chaux-de-Fords,
Switzerland) and 2.5% sodium hypochlorite irrigation. Intracanal bacterologic samples were
takan before and after preparation, and DMNA was extracted and subjected to quantitative
polymerasea chain reaction. Micro-CT scans taken before and after preparation were used for
shaping evaluation. Bacteriologic data were analyzed by the Poisson regression model and
the chi-squara test with Yates corection. Micro-CT data ware analyzed by the Wilcoxon,
Mann-Whitney, and Student t tasts with the significance level set at 5%. Results: Al initial
samples were positive for E faecaliz. After preparation, the number of bacteria-positive
samples was significantly highar in the contracted cavity group (25/29, 858%) than in the
corventional canty group {1428, 509:1P < .01). Intergraup quantitative comparnsan showed
that the reduction in bacteral counts was also significantly higher in the group of conventional
cavities (P < .01). Micro-CT data revealad no significant difference in the amount of unpre-
parad areas betwean groups, Conclusions: Our findings showed that although shaping
using an adjustable instrument was similar between groups, disinfection was significanthy
compromised after rool canal preparation of teeth with contracted endodontc

cavities. {f Endod 2020:46:655-551.)

KEY WORDS

Bactenal reduction; confracted endodontic cavity; endodontic treatment; minimally irvasive
andodontics; root canal preparation

Because apical periodontitis is an inflammatony diseass caussad by bactera that colonize the reat canal
system, successful root cand treatment reies an effective infection contrel', An initial and very impartant
phase of root caral treatment ks to prepare a corcnal access cavity with adequate design and size to
perilt the detection of al root canal arfices, reducing the risks of messing canals that might jecpardize the
traabment cutcome”, and annancs the alficacy of oot caral instrurnantalion, aiminaling conona
anatomis intarferences and praventing mracparative istrogenic complcations, such as ledgs formation
and instrument fracture™".

Recenthy, the concept of minmally invesive endodontica (MIE) has been introducsd with the main
purpese of promating minimal change 1o the dental hard tissues duing root canal treatment in oeder 1o
Improve the leng-term sundval and function of reated teath”, MIE is a natural denvative: of minimaly
irvezesive derdistry, siich o boen chimed 1o ncuce sppeoaches 10 provent of real dissase with as itk
less of crigingl fissuwes as posstalke™. Animportant aspect of MIE refars to the sia and design of endodontic
accass caviies. Contracted cavities have been recommanded to prasere hard fissue structure and
reduca the risks of tooth fracture and loss after root canal treatment. Studies evaluating the influsnce of

66

Gaya C. 5. Vigka, DDS, MSe,”
Alsiandro R. Pérez, DDS, MSt,
FhO," Fldvio B, F. Ales, DDS,
MSe, PR,

Jogé C. Provenzana, D03, MSe,
PR, ibrafimu Mdala, M5,
FRO, José F, Sigueira, Jr., DDS,
MSc, PhD, ™ and

lsabela N Rogas, D085, MSe,
prO

SIGNIFICANCE

Presersng hard tissue during
root canal treatment is a logical
goal o prevent tooth fracturs
and koss. In this context,
praparation of conservative
endodontic accass cavities
has been proposed. Although
shaping of oval canals with
adjustable instruments was not
significantly different betweean
graups, disnfection was much
better in testh with
conventicnal cavities than in
testh with contracted cavities.
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3-dimensional Quantitative Analysis of Dentin and Enamel Removed.
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Standardization of Endodontic @
Access Cavities Based on
3-dimensional Quantitative
Analysis of Dentin and Enamel
Removed

ABSTRACT

Introduction: The aim of this Study was 10 daterming and compara the Gfferenca in the
vizlume of dentin and enamel removed (DER) to prepare 3 different access cavities and to
propose a standardization of the access cavities according to their wolume of DER.
Methods: One hundred bwenty masdlary and mandibular molars and premolars were
assigned to 3 subgroups for each tooth type (7 = 10): the fraditional endodontic cavity (TEC)
group; the conservative endedontic cavity (CEC) group with partial unroofing and convergent
walls; and the ultraconsarvative endodontic cavity (LIEC) aroup, preserving mast part of the
pulp chamicer roof and the oocclusal surface, The sliced image data of cone-beam computed
tomographic images before and after access cavity praparation were exported as Digital
Irmagirg and Communications in Medicing fiks and mported nto the MaVisLab frarmework
systen (MeVis Research, Bremen, Germany). After segmentation, the volumes of coronal
dantin and ename! were measured, and the difference in the percentage of volume of DER for
andodontic accass cavity praparation was calculated. The data wers subjected to statstical
analyses {analysis of variance] with a level of significance set at P < .05, Results: The
parcentage of valume of DER was lass than 6% for the UEC group, up to 15% for the CEC
group, and mors than 15% for the TEC group, with & statistically significant differencs among
all groups inall of the tooth types analyzed [P < .05), Conclusions: The present study
showed significantly differant percentages of volume of DER among the groups analvzed (e,
UEC = CEG = TEC). A standardization of accass cavity preparation was propased sccording
to the percentage of volume of DER. {/ Endod 2020,46: 1495-1500.)

KEY WORDS

Conservative access; endodontic access cavity; minimally imvasive access; fraditicnal ac-
cess, ulraconserative access

The main abjective of endodontic cavity preparation is to acceas the pulp chamber and aid in cleaning,
shaping, and filing the root canal system while avoiding exosssive remova of the sound tooth
stuctune . However, the preparation of 3 fracitional endodontic cavity (TEC) requires the remowsl of an
irmpartant amount of enarmel and dentin, which may lead iooweakensed resistance under functional
loads™", In fact, a TEG arms to parforr complate urroofing of tha pulp chamber, exposuns of all tha pup
hams, and a straight-ling access to the roat canals with coronally divergent wals without ondancuts ta
visualzs the pulp chamber floor and all the root canal orfices from the samea visual angulation.

The conservative endodantic cavity (CEC) was proposed 1o presense part of the pulp chamber roof
and the peficendcal dentin (4 mm above and apical to the cementoename junction), aming to improve
the fracture resistance of endodantically treated teeth . A& CEC alms 10 pertorm partial unroafing of the
puky charmier with presenation of the pup homs and @ sighitly cormsargent sall occlusaly binalad 10
visuakze the pulp charmber floor and all the rood canal orifices from different sisual anguiations™. On the
otter hand, ultraconsenative endodontic caity (LEC) testh are accessed similarly to teath with a CEC™ 1o
parform an access cavity just to locate the arifices with extreme unroofing of the pulp chamiber,
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SIGNIFICANCE
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Fracture Strength of Endodontically Treated

@ CrossMark

Teeth with Different Access Cavity Designs

Gianluca Plotino, DDS, PhD,” Nicola Maria Grande, DDS, PhD,” Almira Isufi, DDS, PhD, MSc,”
Pietro Ioppolo, DRpHS,” Eugenio Pedulla, DDS, PbD,-" Rosselia Bedinid, DNc, PhID"
Gianfuca Gambaring, MD, DDS, ™ and Luca Testarvelli, DDS, PhiY*

Introduction: The purpose of this study was to
compare in vitro the fracture strength of root-filled
and restored teeth with wraditional endodontic cavity
(TEC), conservative endodentic cavity (CEC), or ultracon-
servative “ninja” endodontic cavity (NEC) access.
Methods: Extracted human intact maxillary and
mandibular premolars and malars were selected and as-
signed to control (intact teeth), TEC, CEC, or NEC groups
(= 10/grouptype). Teeth in the TEC group were pre-
pared following the principles of traditional endodontic
cavities. Minimal CECs and NECs were plotted on cone-
heam computed tomographic images. Then, teeth wera
endadaontically treated and restored, The 160 specimens
weere then loaded to fracture in @ mechanical material
testing machine (LR30 K Lloyd Instruments Ltd, Fare-
harn, UK). The maximum load at fracture and fracture
pattern {restorable er unrestorable) were recorded. Frac-
ture loads were compared statistically, and the data
were examined with analysis of variance and the
Studant-Newman-Keuls test for multiple comparisons.
Results: The mean load at fracture for TEC was signifi-
canthy lower than the one for the CEC, NEC, and control
graanps for all types of weeth (P < .05), whereas no differ-
ence was observed among CEC, NEC, and intact teeth
(P = .05). Unrestarzble fractures were significanthy
maore frequent in the TEC, CEC, and MEC groups than
in the control growp in each tooth type (P < .05).
Conclusions: Teeth with TEC access showed lower frac-
ture strength than the ones prepared with CEC or NEC.
Ultraconservative “ninja™ endodontic cavity access did
not increase the fracture strength of teath compared
with the ones preparsd with CEC, Intact teeth showed
maore restorable fractures than all the prepared ones.
{) Endod 2017:43:995-1000)

Key Words

Conservative access cavity, endodontic access cawity,
fracture resistance, “ninja” cavity, traditional endodoentic
cavity

Significance

CEC and MEC access was proposed to reduce
fracture risk of endodontically treated teeth. Testh
with CEC and MEC showed similar fracture
strength, which was higher than that of testh with
tracitional endodantic access.

One of the most impaor-
lant steps for success-

ful endadontic treatment is
ACCEss cavity preparation,
The traditional endodon-
the cavity (TEC) design for
different tooth types lis re-
mained unchanged for de-
cades, and only minor modilications have been done (1, However, the removal of woth
structure needed for aeoess cavity preparation may undermine the strength of the tooth
1o fracture under functional loads (2, 3). Extraction is the most frequent consequence
of fracture of endodontically treated teeth (46, Extended preparation of endodontic
access cavites critically reduces the amount of sound dentin (7-107 and increases the
deformability of the woth (). compromising the strengih to fracture of endodontically
trested tecth (7).

Recenily, conservtive endodontic cavity (CEC) preparation (11, 12) W minimize
tooth structure removal and preserve some of the chamber roof and pericervical
dentin was reported in the liieramre, This sound dentin preservation could be
achieved with the help of cone-beam computed tomographic (CBCT) imaging to
identify all the camals (13, [4). This could improve the fracture strength of
endodontically treated teeth (11).

Following this concept, an extreme conservative approach has recently been pro-
posed, which is conventionally known as “ninja.” This technigue may improve the
fracture strength of endodontically treated teeth (15), To date, there are no studies
comparing CEC access cavity preparation with uliraconservative “ninja” endodontic
cavily (NEC) access. Therefore, the purpose of this study was o investigate the fraciure
strength of endodontically treated teeth with a TEC, CEC, or NEC access cavity.

Materials and Methods
Specimen Selection and Preparation

After ethics approval, 160 recently extracted intact homan meilkary and mandib-
ular mokirs and premolars from a white population with completely formed apices were
used. The exclusion criteria for the tested teeth were the presence of caries, previeus
restoration, and visible fracture lines or cracks,

After a debridement with hand sealing instruments and cleansing with g rubber
cup and pumice, the teeth were stored in individually numbered containers with
0.1% thymol solution at 4°C uniil vsed and during all the time between the different
phases of the experiment in order to prevent their debyvdration.
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Abstract

Michael V. Swain, Jing Xwe, State of the Ar of Micro-CT
Applications in Dental Rescarch, favernational Jowrnal of
Oval Science, 1(4): 1 77-185, 2009

This review highlights the recent advances in X-ray
microcomputed tomography {Micro-CT) applied in dental
research, It summarizes Micro-CT applications in mea-
surement of enamel thickness, rool canal morphology,
evaluation of root canal preparation, craniofacial skeletal

structure, micro finite clement modeling, dental tssue
engineering, mineral density of dental hard tissues and
about dental implants, Details of stwdies in each of these
areas are highlighted along with the advantages of
Micro-CT, and finally & summary of the future applications

of Micro-CT in dental research is given,

Keywords  X-ray microcompated tomography (Micro-CT),
dentistry, dental application
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Introduction

Since the invention of X-rays by Roentgen in
1895, technology has led to a revolution in diag-
nostic medicine, making it possible to see the
inner workings of the bedy non-invasively {Dunn,
200073, X-ray computed wmography (CT) imaging
was first developed in the early 19705, Since then
advanced diagnostic imaging technologies have
revolutionized the practice of medicine. Images
collected from multiple viewing angles are recon-
structed to produce three-dimensional (30 spatial
distribution maps of material density within atee-
nuating materials or tissues such as teeth {Houns-
field, 1973). By comparison, conventional radio-
graphy was limited to providing two-dimensional
(2D} images that represent the summation of
material attenuation along the X-ray path. While
clinical CT scanners typically produce images
composed of 1 mm’ volume elements (voxels),
X-ray microcomputed tomography (Micro-CT or
uCT) systems developed in the early 19805 had
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times smaller in volume than CT voxels (Feldkamp
ef al., 1989; Kuhn et al, 19900, Early Micro-CT
scanners were custom-built and not widely available.
Compact commercial systems are now available
and are rapidly becoming essential components of
many academic and industrial research laboratories.
A owide range of specimens may be exarmned
directly using Micro-CT including mineralized
tissues such as teeth, bone, and materials such as
ceramics, polymers, biomaterial scaffolds eie. Micro-
CT imaging could also be extended to soft tissues
such as lungs that have been infilirated or perfused
with a contrast agent having a higher density than
the surrounding tissue. With the development of
Micro-CT systems, the newest generation of such
systems allows for i vive imaging of small live
anmimals (Guldberg ef al., 2003; Guldberg et al.,
2004).

Micro-CT system using microfocal spot X-ray
sources and high resolution detectors, allow for
projections rotated through multiple viewing direc-
tions (o produce 30 reconstructed images of samples.
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This review highlights the recent advances in X-ray
microcompuied tomography (Micro-CT) applied in dental
research. It summarizes Micro-CT applications in mea-
surement of enamel thickness, rool canal morphology,
evaluation of root canal preparation, craniofacial skeletal

structure, micre finiic clement modeling, dental tssue
engineering, mineral density of dental hard tissues and
about dental implants. Details of studies in each of these
areas are highlighted along with the advantages of
Micro-CT, and finally a summary of the future applications

of Micro-CT in dental research is given.
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Introduction

Since the invention of X-rays by Roentgen in
1895, technology has led to a revolution in diag-
nostic medicine, making it possible to see the
inner workings of the body non-invasively (Dunn,
20007, X-ray computed wmography (CT) imaging
was first developed in the early 19705, Since then
advanced diagnostic imaging technologies have
revolutionized the practice of medicine. Images
collected from multiple viewing angles are recon-
structed to produce three-dimensional (30) spatial
distribution maps of material density within atte-
nuating materials or tissues such as teeth (Houns-
field, 1973). By comparison, conventional radio-
graphy was limited to providing two-dimensional
(200} images that represent the summation of
material attenuation along the X-ray path. While
clinical CT scanners typically produce images
composed of 1 mm® volume elements (voxels),
Xeray microcomputed tomography (Micro-CT or
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times smaller in volume than CT voxels (Feldkamp
ef al., 1989 Kuhn et af., 1990). Early Micro-CT
scanners were custom-built and not widely available.
Compact commercial systems are now available
and are rapidly becoming essential components of
many academic and industrial research laboratories.
A wide range of specimens may be examined
directly using Micro-CT including mineralized
tissues such as teeth, bone, and materials such as
ceramics, polymers, biomaterial scaffolds erc. Micro-
CT imaging could also be extended to soft tissues
such as lungs that have been infiltrated or perfused
with a contrast agent having a higher density than
the surrounding tissue. With the development of
Micro-CT systems, the newest generation of such
systemns allows for in vive imaging of small live
anmimals (Guldberg e al, 2003; Guldberg et al.,
2004),

Micro-CT system using microfocal spot X-ray
sources and high resolution detectors, allow for
projections rotated through multiple viewing diree-
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Abstract

We studied the fracture resistance of maxillary premolars restored with recent restorative materials. Fifty max-
illary premolars were divided into five groups: Group 1 were unprepared teeth; Group 2 were teeth prepared with-
oul restoration; Group 3 were teeth restored with tetric ceram HB; Group 4 were teeth restored with InTen 5; and
Group 5 were teeth restored with Admira. The samples were tested using a universal testing machine. Peak loads
at fracture were recorded. The teeth restored with Admira had the highest fracture resistance followed by those re-
stored with InTen-5 and tetric ceram HB. Prepared, unrestored teeth were the weakest group. There was a signifi-
cant difference between the fracture resistance of intact teeth and the prepared. unrestored teeth. There was also
a significant difference among the tested restorative materials. Teeth restored with Admira showed no significant
difference when compared with the unprepared teeth. It was concluded that the teeth restored with Admira exhib-
ited the highest fracture resistance.

Keywords: fracture resistance, composite resin, adhesives, mesic-occlusal-distal (MOD) cavities

INTRODUCTION Stress concentrates at the internal line angles of
the prepared cavity when restorations are not bonded
to the tooth and at the dentine-enamel junction for
bonded restorations, Therefore, fatigue failure could
occur as a result of the masticatory process if the level
of stress in these areas was sufficient to initiate crack
propagation’” . Cavity preparation and endodontic
treatment can cause higher stress concentration in den-
tin, compared with vital teeth, but proper restoration
can minimize internal stresses ™",

Removal of woth structure via cavily preparalion
has been shown to weaken teeth and increase their
susceptibility to fracture’ ', Studies on the weakening
of teeth by mesio-occlusal-distal {MOD) cavity prep-
arations and the effect of restorations in strengthening
the rempant tissue have been conducted experimen-
tally"™™. Furthermore, even if fracture does not occur,
deflection of a weakened cusp may open the tooth-
restoration interface and lead to microleakage result- o -
ing in recurrent caries”. Depending on the extent of _ Stabilization (strcn_gthcnlng} of th_c tooth after an
the cavily, restorative reatment is a predisposing fac- 1lnlrua.‘0ronul pre_pnrahl:lm can be achieved by cover-
tor for an incomplete or complete tooth fracture™. |ng_ll'n.z outer surface W!tl? a cast metal .nn]n}' {EKI‘ETII?[
splinting). However, this procedure involves addi-
tional loss of healthy dental hard tissue'". An alterna-

© sponding anthor; Thrahim M. Hi da, Ph, D, Profe and - .. . \
pTeEpOnELE auar T e Hesnr tive methed to external splinting is the adhesive tech-

Chairman of Dental Biomaterials. Faculty of Demtistry, Mansoura Uni- R R - .. - .
versity, Al-Gomhoria 56, Mansoura, Egypt. Tel/Fax:+ 00201 20300 14 nique, i.e., "internal splinting or restoration”, which
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Comparison of Efficacy of Pulverization and Sterile Paper
Point Techniques for Sampling Root Canals

Renny T. Tran, DDS, MSD, Mabmoud Torabinejad, DMD, MSD, PhiD,
Shabrokb Shababang, DDS, MS, PhD, Bonnie Retamozo, DS, M5, Raydolfo M. Aprecio, 003,

and fung-Wei Chen, DDS, MS, PbD

Introduction: The purpose of this study was to
compare the efficacy of the pubverization and sterile
paper point techniques for sampling root canals using
5.25% MaOCW17% EDTA and 1.3% MNaOCKWMTAD
(Dentsply, Tulsa, OK) as imigation regimens. Methods:
Single-canal extracted human teeth were decoronated
and infected with Enterococcus faecalis. Roots
wiere randomly assigned to 2 frigation regimens: group
A with 5.25% NaOC17% EDTA (n = 30) and group B
with 1.3% NaQCUMTAD (n = 30). After chernomechan-
ical debriderment, bacterial samplings were taken using
sterile papsr points and pulverized powder of the apical
5 mm root ends, Results: The sterile paper point
technique did not show growth in any samples. The
pubverization technique showed growth in 24 of the
60 samples. The Fisher exact test showed significant
differences between sampling techniques (F = 001).
The sterile paper point technigue showed no difference
hetween imrigation regimens, However, 17 of the 30
roots in group A and 7 of the 30 roots in group B resulted
in growth as detected by pulverization technique. Data
showed a significant difference  between irrigation
regimens {P = 03) in pubverization technigue.
Conclusions: The pulverization technigue was more
efficacious in detecting viable bacteria, Furthermore,
this technique showed that 1.3% NaOCI!MTAD regimen
was more effective in disinfecting root canals, {) Endod
2013:39:1057-1059)

Key Wonds
EOTA, MTAD, WaOCl, paper points, pubverzation,
sampling
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T normal root canal anatomy is complex because of the presence of numerous

ramilications, irregubaritics, and deminal wholes locawed disang from e main
canal (1), These ansomic complexities cresate challenges for thorough disinfection
{21, These complexities also raised concerns reganding vsing sterile  paper
points to sample toot canals becanse they lack the sensitivity 10 detect bacteria
in the complex root canal system (33, As a result, this method may produce
false-negative results, therehy misrepresenting the true extent of Infection of the
rool canal system.

The pulverzation echnique has been suggested as an altermative for sampling root
canals {400, The advantage of this echnique is to obtiin a more representative
hacterial sample. Determining 4 more sensitive root canal sampling technigque s
imperative (o facilitate the evaluation of the antibacterial efficacy of an irrigant,

Sodium hypochlorite (NaOCI) §s most commonly used as a root canal irrigant
because of its antibacterial effect and tissue-cissolving ability (7-9h. Final rinse
solutions such as EDTA or BioPure MTAD (Dentsply, Tulsa, OK) are recommendesd
o remove the smear laver during chemomechanical  debeidement (10, 110,
The investigation of antibacterial properties of 5.23% MaOCKVEDTA and 1.3%
XaOCLMTAD irvigation regimens has shown inconsistent resulis (12-14). It is
possible that the poor sensitvity of different root canal sampling technigues
performed in previous studles contributed to the inconsistent results. Although the
sensitivity of the sterile paper point technique has been questioned and the potential
sensitivity of pulverization techmigque is encourgging, there are no published sudies
that directly compare the efficacy of hoth wchniques. The purpose of this study was
to compare the efficacy of pubverization and sterile paper point technigues for
sampling roet canals using 3.25% NaOCK17% EDTA and 1.3% NaOCKMTAD as
irrigation regimens.

Materials and Methods

Seventy extracted human teeth with matre apices were siored in - saline,
radiographed to confirm the presence of a single canal, and decoronated at the
cementoenamel junction. Pulp tissues were removed with a barbed broach, and patency
was confirmed with a #10 B-file.

A custoanized moded was assembled for each root by expressing pobyvindd siloxane
inpression material (Reprosil Heaw Body; DentsplyCaulk, Tulsa, OK) into 2-inch
segments of surgical whing (1/4-inch diameter). Roots were embedded in impression
material and removed when the material was set. The roots and customized models
were segarately steam autockwed at 121°C for 30 minutes. Autoclved roots were
placed into a sterile 230-mlL Aask filled with stecile brain-heart infusion (BHIL) brodh,
incubated for 48 hours at 37°C, and examined for neebidity.

From this point, the aseplic weehnigue was used, mcluding sterile surgical gloves
and @ class 1 (oype A2) biohawerd Taminar low cabinet (NuAire, Flymouth, MN, All
ronts were ineculated with Enferococeus frecalis (American Tvpe Culture Collection
19433) and incubated for 4 weeks under aevobic conditions at 37°C. The media was
replenished every 7 days. When replacing the media, random samples from the root
canals were eultured 1o confirm the growth of E. faecalfs. Colondes of £ faecalls in
pure culiere were detected as white pinpoint colonies on agare media and examined
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Operating Microscope Improves Negotiation of
Second Mesiobuccal Canals in Maxillary Molars

M Omer Gorduysus, DDS, PhD, Melahat Gaérduysus, DDS, and Shimon Friedman, DMD

This in vitro study investigated the prevalence, lo-
cation, and pathway of the second mesiobuccal
canal (MB-2) in 45 first and second maxillary mo-
lars using the operating microscope (OM). Initially
location and negotiation of MB-2 were attempted
without magnification. Teeth in which MB-2 was
not located or could not be negotiated were further
explored under OM. Roots where MB-2 could not
be negotiated even with OM were cross-sectioned
and inspected microscopically. Morphometric
measurements were performed to map the loca-
tion of MB-2. Without magnification an apparent
ME-2 orifice was located in 42 teeth and the canal
negotiated in 31 (69%:). With OM one additional
apparent MB-2 orifice was located, and five previ-
ously identified canals were negotiated (total 80%).
The root cross-sections confirmed the absence of
MEB-2 in all nine teeth where it was not negotiated.
Location of MB-2 varied randomly. In conclusion
MB-2 can be negotiated in 80% of maxillary mo-
lars, although an crifice is apparent in 96% of the
teeth. Ability to negotiate MB-2 is facilitated by OM.

The morphology of the root canal system in the mesiobuceal root
of maxillary molars has attracted the attention of researchers and
clinicians for the past 75 vr (1-19). Many studies have focused on
the prevalence of a second mesiobuccal (MB-2) canal, which has
been investigated with a variety of methods. In vitro reot sections
(1,3, 7.9, 11, 15, 18}, radiographs (2, 6. 9. 16}, and cleanng (3,
12, 16, 17) have demonstrated the presence of MB-2 canals in 52
to 96% of the tegth, Clinically MB-2 canals have been found less
frequently, from 16% (8) to 78% (13). The prevalence of MB-2
canals in second molars has been shown to be quite simalar to that
of first molars (5, 110 or up to 28% lower (4, 12, 17, 19, The MB-2
canal can terminate in an independent foramen, classified as type
I (10, it 10% (40 to T1% (17) of the tecth. Otherwise it can be
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redimentary, classified as type IV (6), or merge with the main
mesiohuccal canal, classified as iype Iy

Within the wide range of reperted prevalence of MB-2 canals,
a clear merease in prevalence may be observed in the most recent
studies { 10-19). This is particularly evident in the clinical (10, 13,
14, 19 and clinical simulation (11, 16-18) studies, in which MB-2
candls were found in moere than 71% of the teeth, This considerable
increase has been attibuted mainly to improved awareness of the
presence of MB-2 canals (17, 19). In addition the shape of the
access cavity in maxillary molars has been medified to facilitate
the location of MB-2 canals (4, 8). and new instruments, particu-
larly ultrasonic wroughing tips (13, 19), have been used. Neverthe-
less MB-2 canals frequently elude clinicians.

In recent years the operating microscope (OM) was introdeced
o endodontics and has signiﬁc;m[ly im||m\.-¢|.l m;lgniﬁc;niun and
illumination. Because the OM has become more widely wsed in
nonsurgical treatment procedures (200, chinicians have indicated
that it facilitates treatment of very fine canals, particularly the
MBE-2 canal (19}, One clinical simulation study (18) demoensirated
an increase in the number of MB-2 canals located from 51%
without the use of OM, to 2% with OM.

The purpeses of this in vitro study of maxillary molars were to:
(i) compare the ability of endodontists to locate and negotiate
MB-2 canals in maxillary molars without magnification and with
the OM; and (i) characterize the MB-2 canal with regard o
prevalence, location, pathway, and negotiability.

MATERIALS AND METHODS

A mixed population of 45 extracted human maxillary first and
second molars was used. There was no mformation available
regarding the causes and time of extraction of these feeth. Before
use the teeth were stored in 1% thymol solution for 1wk, then
divided mto three equal groups, and mounted in dentoforms, Each
group was operated on independently by one of three endodontists

Conventional, extensive access cavities were completed in all
teeth without magnification. Slow-speed Mueller burs (Brasseler,
Savannah, (GA) and 5P-1 ultrasonic tips (Analytic Technology,
Dlungc, CA) were then used o uncover the MB-2 canal orifice.
Dentin was selectively removed from the pulp chamber Moor and
at the mesial-axial line angle of the cavity, along the mesiobuccal
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Abstract

Introduction

Bacteria present in the apical root canal system are directly invelved with the pathogenesis
of post-treatment apical periodontitis. This study vsed a next-generation sequencing
approach to identify the bacterial taxa occurning in cryopulverized apical root samples from
root canal-treated teath with post-treatment disease,

Methods

Apical root specimens obtained during periradicular surgery of ten adequately treated teeth
with persistent apical periodontitis were cryogenically ground. DMA was extracted from the

powder and the microbiome was characterized on the basis of the V4 hypervariable region

of the 165 rRMA gene by using paired-end sequencing on lllumina MiSeq device.

Results

All samples were positive for the presence of bacterial DMA, Bactenial taxa were mapped to
11 phyla and 103 genara composed by 538 distincl operational taxonomic units (OTUs) at
3% of dissimilarity. Over 85% of the sequences belonged to 4 phyla: Proteobactaria, Firmi-
cutes, Fusobactena and Actinobactena. In general, these 4 phyla accounted for approxi-
mately 80% of the distinct OTUs found in the apical root samples, Protecbactena was the
mast abundant phylum in 610 samples. Fourleen genera had representalives identified in
all cases, Overall, the genera Fusobacterium and Pseudomonas were the most dominant,
Enterococcus was found in 4 cases, always in relatively low abundance.

Conclusions

This study showed a highly complex bacterial community in the apical root canal system of
adequately treated teeth with persistent apical perindontitis. This suggests that this disease
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3-dimensional Ability
Assessment in Removing
Root Filling Material from
Pair-matched Oval-shaped
Canals Using Thermal-treated
Instruments

=

ABSTRACT

Introduction: The purpose of this study was to evaluate the abiity of the XP-endo Shaper
Instrument (FKG Dentalre, La Chaux-de-Fonds, Switzerdand) durng the removal of root fillings
from oval-shaped canals, M-Wire Reciproc and Reciproc Blue systems (VDW, Munich,
Germany) were used as reference instruments for comparison, and micro-computed tech-
nology was used as an analytical tool. Methods: Thirty mandibular incisors with oval-shaped
canaks were matched based on similar anatomic features of the canal (eg, volume, aspect
ratio, and 3-dimensicnal configuration) after scanning procedures, The canals were preparned
with M-Wire Raciproc A25 instrumants and filked with gutta-percha and AH Plus saaler
{Dentsply DeTrey, Konstanz, Gesmany) using the continuous wave of condansation tech-
nigque. Then, the sample was allocated into 3 experimental groups n = 10) according to the
refreatment protocol used: M-Wire Reciproc, Beciproc Blua, and XP-endo Shapar. WM-Wire
Reciproc A25, Reciproc Blue R25, and ¥P-endo Shaper instruments were usad to remove
the roat filings. Apical enlargement was performed with M-Wire Reciproc B40, Reciproc Blue
R40, and BioBace BRS (FKG Dentairg) instruments, Each sample was scanned after each
endodontic procedure, The volume of remaining root filing material was quantified before and
after apical enlargemeant. The percentage volumes of reot filing recuction in relation 1o the
instrumentad canals at both time paints (befors and after apical enlargemant) wara calculated
and considered for statistical analysis. Data were analyzed statistically with a significance level
of 5%. Results: Reciproc Blue presented significantly lower remaoval of filling material
comparad with the XP-enda Shaper (Tukey test, P < 05), Mo differance was detected aither
betwean M-Wire Reciproc and Reciproc Blue (Tukey test, P = .05) or M-Wire Reciproc and
¥P-ando Shaper (Tukey, P = 08}, The incraase of apical enlargament significantly improved
the remonal of root fillings from the rost canals (P < .05); this effect was similar for gl systems
ttime point ¢ file system, P = 05), Conclusions: The XP-endo Shaperinstrument showed a
higher percentage of root filing remowval, but no differances were cbeervad comparing M-Wire
Raciproc with the XP-endo Shaper or Reciproc Blus, The increase of apical antargament
improved the removal of oot fillings in all groups. Mone of them was able to render root canals
completaly frea from root filings. [ Endod 2019:45:7135-1141.)

KEY WORDS

Micro-comgutad 1emaograptny; oval-shaped canals; root canal ratraatmeant; raat filling ma-
terial, XP-endo Shaper

Tha peimary goal during rool canal ratreatmant is o remove the previowsly confaminated filing
material, reestablsh apical patency, and redo the clearimg and shaping proceduras in a proper
wiay ~. Several instruments and techniques were described for the removal of filling materials,
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ABSTRACT

This study aimed (o assess the resistance o cvelie fafigue of reciprocating nickel-titanium (NiT1) files {Wave One
Grold and Reciproc Bluel and assess the gffect of glvde and sodivm Inpochlorite 5.23% as o gel and liguid on it
during iesting. A toral of 80 wew WaveOne Gold primary and Reciproc Blue R25 were tested. The 20 files of the same
bremd were vandomiy assigned into four growps (n=8) and submitted to the irrigating protocol as follows: Groap 12
Testing without irvigaring media, Group 2: Testing with glvde, Gronp 3: Tesring with sodivm hvpochiovice 5.25% gel,
Groap 4: Testing with sodium hvpochilorite 3. 25% liguid. Group 5: testing with normal saline {controfl. The cvelic
Savigne test was performed wsing the appropriate preset vecipracating wode (RECIPROC ALL™ or "WAVEQONE
ALLY in a specially desipned endodoniic motor. Resisiance fo fracture was determined by recording the time. The
instenment tested in stainless artificial canal with 60 angle of corvatre and 5 mm radivs of corvature. Resistance
to ovelic fatigue of the same NiTi was affecred by irviparing media. Reciproc Blue R25 was associared with a higher
cvelic fatfgue resistance in all groups compared to WeveCQne Gold Primary. The study conclided thet glyvde, sodiun
hypochiorite 5,25% ax a gel and ay a liquid may veduce the resistance to ovelic fatigne of WaveOne Gold and
Reciproc Bine significanily. However, the tvpe of reciprocaring insirimment influenced cyelic foripne resisiance with
Reciproe Blwe R25 being wmore resistant than WeaveOne Gold Primary.

Keywords: Comosion, Cyelie fatigue, M-wire, Nickel-Titaniom, Reciprocating instruments, Sodium hypochlorite
5.253% Gel, Glyde

INTRODUCTION

Twa types of fractures occur in the rotating endodontic instrument: fracture caused by flexural fatigue and fracture
caused by torsion [1,2].

The cychic fatigue resistance of MiTi rotary files has been tested by artificial canals with a lot of features, such as the
radius and the angle of curvature, the location of the maximum curvature, and the tvpe of artificial canals [3]. When
the tip of the instrument or any other part of the instrument become blocked in the canal while the shank still rotates
this is called torsional, Torsional fracture occurs when the torque of the hand piece exceeds the elastic it of the
metal [4].

Cyelic fatigue failure may oceur without any previous singe of permanent deformation [5,6]. A lot of variable such
as: metallurgic characterization of the NiTi alloy, surface treatment of the metal and operational speed may affect the
fatigue resistance o fracture [7].

Corrosion that may occur in the NiTi files in the presence of sodium hypochlorite {NaOC1) solution may limit the
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