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Configuration of Canal System in the
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SUMMARY: Knowledge on internal dental morphology is extremely important to the correct execution of the treatment and
modeling of root canals. The aim of the present study was to analyze, "in vitro", the configuration of the canal systeesial oot
of 180 maxillary first molars obtained from a Brazilian sample. The teeth diaphanized in order to confirm the presend@2odanalM
and to determine the internal anatomy. Only in 41 % of the teeth the orifice of MB2 canal emerged from the pulp chamberftpor.
teeth two apical foramina were found in 23.3 %, a single apical foramen was observed in 15,5 % and three apical foraneisenivere p
in 2,2 %. Considering the hole sample, the MB2 canal was observed in 65.4 %, merged with the MB1 or branching from the MB1 or
even independent all the way. In 55.1 % of the teeth a single orifice stemmed from the pulp chamber floor. A singlerapicaldsra
found in 43,5 % of these cases, two apical foramina were present in approximately 12 % and apical delta was found ih&,5 % of t
specimens. Three orifices which emerged from the pulpal floor were observed in 1.1 % of the sample. Paths considerechlery atypi
were observed at 2.8 % of the teeth. The MB root canal anatomy was complex. The frequency of occurrence of the bifunté¢ed or do
canal, isthmus, accessory canals and apical delta must be taken into consideration as a possible cause of otherwisdaihegplained
during endodontic treatment of first maxillary molars.
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INTRODUCTION

The anatomy of root canal system has been the subjestting in series (Kulild & Peters), used in microscopic
of many discussions and studies, as there are innumerstigdies; metallic preparation, which do not allow the
variations that need to be recognized so that clinicians cagsessment of all the ramifications of the root canal; and
properly interpret the condition of the tooth and develogiaphonization, which turns the tooth transparent, preserves
adequate treatment (Stropko, 1999; Kottebial, 2010; its original anatomic form and allows a three-dimensional
Verma & Love, 2011; Grandat al, 2012; Spagnuolet al, Vview of the tooth (Gilles & Reader, 1990, Rehnedral,
2012). The evolution of endodontic techniques, associaté815). Recent studies have also described dental anatomy
to a growing knowledge on anatomic, morphological andirough spatial reconstruction with the assistance of
biological aspects of root canal systems, enables a gre@emputer programs (Baumann, 1994) using cone bean
success rate in root canal treatment. A number of methadgmputerized tomography (Kottoetral), micro-CT (Verma
are used to assess the anatomic configuration of the p&g-ove; Yamadeet al, 2011; Grandet al; Spagnuolaet
cavity, such as radiographic studies (Kulild & Peters, 19908.). However, some of these techniques are not suitable for
tooth cutting (Weinet al, 2012), which contributes but doesclinical use, although it can become a powerful tool for
not allow a three-dimensional view of this cavity; toottresearch (Grandet al).
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The detection rate of the mesiobuccal root amaxillary first molars (Verma & Love; Yamadaal; Gilles
maxillary first molars has the greatest anatomic variatio&, Reader; Grandet al; Kulild & Peters; Spagnuolet al;
leading to a high rate of unsuccessful endodontic treatmaéfieineet al). The recognition of anatomic variations in root
in these teeth (Stropko; Yoshioka al, 2005; Grandet canals is the first and most important step toward successful
al.). The greater compléy is due to the high percentage oftreatment, as such variations emerge in teeth that have a
the presence of d'4anal or MB2 canal (Gilles & Reader; normal outward appearance and clinicians must be aware of
Kulild & Peters) as well as considerable clinical limitations ithe importance of treatment of the canal system and not just
its localization. It has been detected that the incidence of MB2e principal canals (Kimat al, 2012).
in vitro analysis is much higher as compared vivo, suggesting
then it has a modification in the opening of accessto the pulp  The aim of the present study was to assess the
chamber as contour alterations (Christie & Thompson, 1994icidence of the second mesiobuccal-canal (MB2 canal) in
to facilitate the location of this inlet channel (Weller &the mesial root of the maxillary first molars, variations in
Hartwell, 1989; Ting & Nga, 1992; Stropko). The incidencehe configuration of the canal system in this root and analyze
of MB2 canal in vitro was much higher than its incidence ithe localization of the entrance to the canals in the pulp floor,
vivo. Weller & Hartwell determined that and suggest a&orrelating the internal tooth morphology with clinical
modification in the access opening to the pulp chamber aspects and difficulties encountered during the endodontic
order to provide greater visualization and facilitate thereatment of these teeth.
localization of the entrance orifice in this canal. Contour
alterations were also proposed by Christie & Thompson, Ting
& Nga and Stropko. It was determined that the careful use BIATERIAL AND METHOD
spherical endodontic broaches 2 to 3 mm below the pulp floor
in the MBR increased the localization of the MB2 canal from
54 % to 85 % (Kulild & Peters). Despite not having One hundred eighty maxillary first molars were
demonstrated an increased risk of perforations with the caresdlected from the human tooth bank at the Anatomy Sector
use of these broaches, it should be taken into account that thisthe Sdo José dos Campos Dental School of the
study was carried out in vitro, which facilitates the handlind/)niversidade Estadual Paulista "Julio de Mesquita Filho"
visualization and execution of the procedures for these te¢thNESP). This study was approved by the Ethics Committee
(Kulild & Peters). of Research (# 1.115.757), Plataforma Brasil.

Besides the high incidence and difficulties in locating The crowns of the teeth were cut 2 mm beyond the
the MB2 canal, there is considerable variation in thenamel-cementum junction, placed in a 10 vol. hydrogen
configuration of the canal system in the mesiobuccal root péroxide solution for 12 hours and then rinsed in running water.
The pulp remaining in the chamber and root canals was remo-
ved with a curette and n® 0.8 K* files. Scrapings were
performed on the lateral, mesial and vestibular walls of the
pulp chamber in order to allow greater visualization of entrance
of the orifices in the canals of the mesiobuccal root, removing
any dentin projections, but without touching or altering the
pulp floor. With an exploratory probe and n° 0.8 K* files, the
presence or absence of the entrance orifice to the MB2 canall
was determined. To assess the internal configuration of the
root canals, the teeth were submitted to diaphonization
(Rehmaret al). The mesial and apical portions of the dental
roots were then adjusted to a rubber sleeve attached to a suction
device. With the help of a disposable syringe, ink was injected
into the pulp chamber so that the dye infiltrated the root canals,
allowing visualization of the internal morphology of the canals.

It was thus possible to determine the presence of the MB2
canal, comparing its incidence with that determined by the
previous probing with n° 0.8 K* files; study the relationship

between the MB and MB2 canal; observe the configuration of

Fig. 1. Aspects of the root canals from the first molar aftdhe canal system of the MBR in maxillary first moleasd
diaphanization. analyze the presence of apical deltas (Fig. 1).
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RESULTS AND DISCUSSION

Considerable variety was observed in the morphologhdodontic probe detected the MB2 canal in only 54.2 %
of the canal system in the mesiobuccal root of maxilla§f molars. The results obtained by the authors cited as well
first molars (Fig. 1). From 180 teeth analyzed the presenggin the present study partially explain the clinical difficulties
of a single channel along the entire length of the MB ro@ncountered in the localization of this canal.
was observed in only 33.5 %. The MB2 canal was observed
in 65.4 % of the sample. It was a completely independent ~ Furthermore, the presence of a second MB2 canal
canal among 34 teeth, almost 19 % of the sample. Only#gY originate from the main canal and not necessary have
41 % of the teeth the orifice of MB2 canal emerged from tHts own orifice in the pulp floor. This explains an increase
pulp chamber floor. Two apical foramina were found in 23.50m 54.2 % to 85.5 % in the detection of the MB2 canal

%, a single apical foramen was observed in 15.5 % and th@féer enlarging and deepening the mouth of the mesiobuccal
apical foramina were presentin 2.2 % of these teeth. ~canal with broaches or after dissecting the mesial root at

different levels (Kulild & Peters; Ting & Nga, 1992). In a
A single orifice stemmed from the pulp chamber floofample of 83 maxillary molars (including first and second
in 55.1 % of the teeth. In these cases, a single apical foraolars). The same authors (Kulild & Peters) found that just
men was found in 43.5 %, two apical foramina were presefﬁ)ur teeth did not have the MB2 canal in the middle third of
in approximately 12 %. the mesial root.

Table | displays the anatomic variations observed in ~ The entrance orifice of the MB2 canal is often
the canal system of the MB root for each of the differe@ccluded by mineral deposits, thereby impeding its

types of canals that went under a classification accordingl@salization with dental instruments. In other cases, the ca-
the configuration along the entire path. nal goes undetected because it emerges as a single canal in

the pulp floor and then bifurcates (Ting & Nga). Current

The presence of three canals, from the cervical, wag/dies have demonstrated that the use of a operating
observed in two roots (1.1 %). Paths considered very atypiaicroscope helps in the visualization and localization of the
were observed at 2.8 % of the teeth. Table Il displays tMB2 canal (Stropko; Gorduystet al, 2001; Baldassari-

canals that do not fit the previous classification and aferuz, et al). However, the conclusion that a simple
therefore considered very atypical. modification in the access and shape of the pulp chamber is

enough to increase the percentage of localization. Alterations

In the present study, the visual analysis of the pul contour shape have also been proposed by other authors,
chamber and probing with an endodontic file allowed th@ho found that the percentage of detection of the MB2 ca-
identification of the MB2 canal in 41 % of the teeth. Aftenal in vitro was much higher than in vivo (Christie &
diaphanization, identification increased to 65.4 %Ihompson; Sempira & Hartwell, 2000; Weietal).
corroborating results obtained by Baldassari-Cetial.
(2002), who found a rise in the percentage of MB2 canal Previous studies have determined that the presence of
using an additional method for the determination of the cie MB2 canal ranges from 25 % to 96.1 % (Neavert,
nal. According to the authors, in the visual examination with987; Weller & Hartwell; Gilles & Reader; Kulild & Peters;
an exploratory probe, the MB2 canalwas detected in 51 %9 & Nga; Stropko; Sempira & Hartwell; Gorduysetsal;
of the molars analyzed, whereas with the assistance of Alavi et al, 2002; Buhrleyet al, 2002; Wolcotet al, 2002;
operating microscope, this canal was detected in 63 % \fpicottet al, 2005; Weinet al). This discrepancy is likely
the cases and after dissecting the roots, the MB2 canal W€ to the methodologies employed in each study as well as
found in 89 % of the cases. Kuliéd al also found that an the sample size and regional locatafrthe sample.

Table | Anatomic variations observed in canal system of the MB root.

01 tooth 2 canals that unite bifurcate unite again, terminating in 1 foramen.

01 tooth 2 canals that unitein the mesia 1/3 and terminate in 3 forami na— with i nter-conduits

01 tooth 2 canals - MBL cana terminates in ablind bottom, thereforejust 1 foramen.

01 tooth 1 canal bifurcatesin the cervical 1/3 cervical, forming 2 canas. The MB divides, terminating in 3 foramina

01 tooth 1 canal that bifurcates into 3 in the cervical 1/3, unites in the mesa 1/3 and terminates in a delta

461



SPALDING, M.; REZENDE, K. M.; SILVEIRA, M. C. G.; VALERA M. C. & LEITE, H. F.  Configuration of canal system in the mesiobuccal root of maxillary first molars.
Int. J. Morphol., 35(2459-464, 2017.

5 o R In a study with 228 maxillary first molars,
8 § 0 % Neaverthet al found the 19.3 % had one canal, 77.2
< - o % had two canals and 3.1% had three canals, of which
< . . -
35.6 % terminated in one foramen, 61.8 % terminated
- in two foramina and 0.4 % terminated in three
g - o 2 foramina. The authors correlated the number of canals
b1 S = and foramina and found that 18 % had one canal and
“ one foramen, 16.7 % had two canals and one foramen
2 and 60.1 % had two canals and two foramina. In a
Q o] ] .
a4 = & £ o recent study, Spagnuolet al, used micro-CT to
S E 3 E ! w ) .
5 ; 2 £ = s = analyze mesiobuccal roots or 22 first molars and
o £ g & observed that MB2 canal was presented in 77.27 %,
§ « :
and 29.41 % of the MB2 canals were independent from
2 - .2 E & 4 the MB1 canals. Stropket al noted that that MB2
E S 8 g 5 ¥ £ . canal was found in 802 (73 %) first molars, however,
2 8§ 8 2 © 5 E e = i
g — 2 w B & 8 & T q as the operator become more experienced, scheduled
S m & §€ £ E 5 =~ N - .. . .
S)s 2 5 B8 § < — sufficient clinical time, routinely employed the dental
« W § 2" operating microscope and used specific instruments
adapted for microendodontics, MB2 canal were located
4 £ in 93 % of first molars.
= g X
S = « > < N
g = ” e The morphology of the canal systems in the
o=
AP mesial root of the maxillary first molar proved
extremely complex in the present study, with canals
_ y s — that began as singles canals, but bifurcated at different
8 sl 2 E - S levels, forming two canals. Some specimens exhibited
= =l z 8 e (Pl Ve ) .
> g & 5 N N a single canals that bifurcated, came back together and
© ) = . . .
- i separated again. Some have two canals ran their entire
% length independent from one another, while at other
2 = 8 8 g — . specimens, two canals united, terminating in a single
§ g g = 8 E : P g canal. As it was demonstrated on Tables | and Il, other
g ~ E ® ;: S «a @ configurations were present as well. With the current
s - « use of more accurate techniques for the detection of
3 s . 8 o —— the MB2 canal, the classification of the canal system
m | = «2 2 E © initially proposed by Weinet al as single, double
f g = ‘éo g s < S = ending in one foramen or double ending in two
= g€ = 2 & - foramina becomes extremely simplistic. Some
= 5 .z o ; :
o - 0 ! > researches still based on the types of root canal
© = . configurations from the classification by Weigieal,
C E ©n g
g = 2 o o this search classification of the root canal configuration
o — < < = . .
o E E 8 o = S in eight types (I — VIII) based on the presence of one,
= Sl s § two or three canals in the pulp floor as well as the
] — presence of one or more canals emerging in the root
(0]
% o — ° apex (Vertucci, 1984). However, more than eight types
% ;1 §| - e 2 were observed in the present study. We sought to
@ 2 e classify the types by obeying a numerical criterion in
2 order to establish the number of canals in the floor,
2 = i . .
5 _ bifurcations or unions throughout their courses as well
§ E - as the number of canals emerging in the apex, as
g v S B displayed in Table I.
O ] =
= 3 ;E _g — -
2 | = 2 & = With the use of a stereomicroscope, it was
E = 5 § g observed that the MB root has a rather complex

N
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anatomy, with the presence of lateral canals, recurrent inteal, it is important to establish a correct access. We believe
conduits and an apical delta. Variation also occurs in thieat the access opening to the canals is a fundamental step
shape of the entrance to the mesiobuccal root canals, whiotwvard localizing the MB2 canal as the bifurcation of the
can have two independent entrance orifices for the MB1 aMiB1 canal often occurs in the cervical third (Neavetth
MB2 canals or a single entrance orifice in a circular al.; Kulild & Peters; Sempira & Hartwell). Moreover,
elliptical shape, with a narrowing in the central portion. Thendodontic treatment should consider the possible
MB2 caral is located mesially to the anatomic furrow ofanatomic variations of the canal system in the MB root
the pulp floor. Between the MB and lingual canals thand perform a correct biomechanical preparation, with
presence of a dentin shoulder in the entrance of the MB2rmicide irrigating solutions and intra-canal medication
canal is common, hindering its direct visualization (Tingn order to improve the prognosis of root canal treatment
& Nga). carried out in the maxillary molars.

Clinically, it is recommended to perform a The variation in the anatomic configuration of the
compensatory scraping on the entrance of this canafnal system in the mesial root of maxillary first molars
enlarging and deepening it so as to allow its localizatiomarns us that during endodontic therapy, there is the need
This scraping should be performed with the maximum cafer a more discerning access opening to the canals as well
in order to avoid a perforation in the pulp floor (Ting &as the proper instrumentation associated to adequate
Nga). Due to the anatomic complexities and clinicahedication therapy in order to reach the entire network of
difficulties encountered in the localization of the MBL cacanals and conduits in this root in the best possible manner.
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RESUMEN: El conocimiento de la morfologia dental interna es muy importante para la correcta ejecucion del tratamiento de
conductos radiculares. El objetivo del presente estudio fue analizérd”, la configuracion del sistema de canales en la raiz mesiobucal
del 180 primeros molares maxilaresafitios de una muestra brasilefia. Mediante el uso de la diafanizacion de los dientes se confir-
mo la presencia del canal MB2 y su anatomia interna. Solamente 41 % de los dientes el canales MB2 emergi6 desde el piso de la

camara pulpar. De estos dientes fueron encontrados dos foramenes apicales en 23,3 %, un solo foramen apical en 15,5 % y tres

forAmenes apicales estaban presentes en el 2,2 %. Teniendo en cuenta la totalidad de la muestra, 65,4 % presentaroseel MB2; que
fusiond con el MB1, a veces se observd como una rama de este canal, o sigue siendo independiente hasta el final. E©%55,1 % de |

dientes un solo foramen provenia del piso de la camara pulpar. Un solo foramen apical se encontré en 43,5 % de estos casos, dos
foramenes apicales estaban presentes en aproximadamente el 12 % y el delta apical se encontr6 en 0,5 % de los especimenes. Tre

canal a partir del piso pulpar se observaron en 1,1 % de la muestra. Caminos considerados muy atipicos se observarlmsa 2,8 % de
dientes. La morfologia del sistema de canales radicularesam MB de los primeros molares maxilares es compleja y variable. La

alta frecuencia de canal MB2, bien como la presencia del canal bifurcado o doble, istmo, conductos accesorios y deftanapical de
tenerse en cuenta como posible causa de la falla de otro modo inexplicable durante el tratamiento endodéntico de loslpraseros m
maxilares.

PALABRAS CLAVE: Molar; Canal raiz; Anatomia; Endodoncia.
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