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Abstract

Introduction: The mandibular molars are a group of teeth that 
have a complex internal morphology, and its fundamental knowledge 
is necessary. The second molar has two roots, one mesial and 
distal, but three canals are more commonly find: two in the mesial 
root and one in the distal root. Objective: To study through four 
criteria: radiographic, clinical, microscopic, and anatomy, the 
internal morphology of the mandibular second molars. Material and 
methods: This was a cross-sectional, in vitro, descriptive, observational 
study, in which 50 second molars were selected, having as exclusion 
criteria teeth destroyed by caries. Inclusion criteria comprised teeth 
with higid and semi-higid crowns Results: 2��� of mandibular2��� of mandibular 
second molars had three canals. The round-shaped cross section 
was the most common throughout the cervical-apical extension of 
both mesial (5���) and distal (47��) canals. However, other possible 
configurations and number of canals can be found in second molars, 
as the presence of four (12��) or five canals (3��). 36.7�� of the mesial 
canals and 2�.4�� of distal canals were flattened in the mesial-distal 
direction and elongated in buccolingual direction; the variation of 
the "C-shaped" canal was found in 4�� of cases. Conclusion: TheThe 
most frequent configuration and number of canals of mandibular 
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second molars were, respectively, the round-shaped cross section 
configuration in the entire length of the canal, and three canals. 
However the professional should be aware that this morphology may 
vary as shown in each research phase. Therefore, to achieve clinical 
success, the professional should have the knowledge of the internal 
morphology of these teeth and their possible variations.

Introduction

Endodontics has been through marked changes 
of concepts, such as the use of a single instrument 
for biomechanical preparation and innovative filling 
techniques. However, established aspects should 
not be left behind, such as the knowledge on 
the internal morphology of all teeth and possible 
variation that may be found; the negotiation of the 
root canal system with the adequate instruments;  
the biomechanical preparation that provides the 
maximum of canal disinfection; maintenance of 
apical foramen patency and its original position; a 
filling providing an adequate sealing of root canal 
systems.

The complexity in root canals, mainly in molars, 
is directly linked to recurrent infections. If the 
morphology of root canals is not known by the 
dentist and endodontist, treatment failure will be 
eminent, even using latest technology instruments, 
because root canals not properly negotiated and 
prepared may shelter infectious foci. Thus, the 
knowledge of internal morphology and its possible 
variation should be ample both for the dentists 
and the endodontists, during the execution of the 
endodontic intervention. 

The mandibular second molar has two roots: a 
mesial and a distal one; but, it is more common to 
find three root canals: two in mesial root and one 
in distal root [15, 18]. A common variation in these 
teeth is “C shape” canal that is so named because 
of the root and canal cross section [5, 7]. Instead 
of exhibiting the entrances of different root canals, 
the pulp chamber floor presents a ribbon-shaped 
canal, with 180 degree arch, starting from the 
mesial-lingual line extending around of the buccal 
surface to the distal portion of the pulp chamber 
[10]. Almeida-Gomes et al. [2] affirmed that the 
previous diagnosis and knowledge of “C-shape” 
canals are much valuable for the clinical success 
of the case. Jafarzadeh and Wu [10] affirmed that 
the diagnosis of this morphological variation can 
be of difficult conclusion through radiographic 
examination; however, clinical examination is more 
accurate in its diagnosis.

Malvar and Corbacho [14] studied the internal 
morphology of 81 second molars by diaphanization. 
The authors observed the number of roots, main 
canals, lateral canals, inter-canals and apical. The 
mesial root exhibited a prevalence of two different 
canals and the distal root the greater frequency of 
only one canal.

The interna l  morpholog y doma in is a 
fundamental step during endodontic therapy, 
because the adequate preparation of the canal system 
would avoid the increasing of failure rates. Thus, the 
aim of this in vitro study was to assess the amount 
and possible configurations of the canals within 
mandibular second molars through radiographic, 
clinical, microscopic and morphological methods.

Material and methods

This present research is an in vitro, descriptive, 
observational study. All phases were carried out in 
laboratory with the use of freshly extracted teeth, 
that is, in vitro. Fifty mandibular second molars 
were selected after their removal due to therapeutic 
indication because of either aggressive periodontal 
disease with great loss of clinical insertion or 
orthodontic/prosthodontic reasons, whose detailed 
history is part of the patients’ files. Inclusion criteria 
were teeth either sound or with carious lesion. 
Teeth were excluded because of lack of anatomical 
crown due to severe destruction, regardless of the 
reason causing such loss; and previous endodontic 
treatment. This study was submitted and approved 
by the Ethical Committee in Research of the 
University of Fortaleza (Coética/UNIFOR) under 
protocol no. #181.388/12.

After selection, all teeth were submitted to 
the methods of this present study (radiographic, 
clinical, microscopic and morphological).

Ra�io�rap�ic assess�ent

The teeth were fixed with wax to the periapical 
intraoral film (Kodak Insight, USA). Next, a 
radiographic shot was executed for 0.22 second. 
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To enable the observation of all root canals, an 
angle of 20 degrees at horizontal plane towards 
mesial surface of the teeth was employed to mimic 
Clark’s positioning technique, which corresponds 
a distortion at the horizontal angle of the x-ray 
beam incidence to prevent image superposition of 
root canals, improving their observation [8]. This 
technique reproduces which would be possible to 
execute during the clinical treatment, thus enabling 
a better observation of the root canals. 

The film development was carried out in dark 
chamber for two minutes within developing solution. 
Following, they were removed and immersed in 
water for 20 seconds; then the films were fixed 
for five minutes. The radiographs were immersed 
in running water for five minutes and left to dry. 
Only after this sequence, they were evaluated on 
negatoscope to evaluate the amount of canals of 
each tooth. The teeth in which the film was not 
properly exposed or in which the radiographic 
image not allowed a correct distortion were again 
exposed to correct the error and make possible an 
adequate assessment.

Clinical assess�ent

All procedures of access and exploration of the 
pulp chamber were executed by the same operator, 
previously trained during a pilot study with the 
same methodology employed in the study. 

Firstly, pulp chamber access of the sound teeth 
was executed with the aid of n. 1013 diamond bur 
(KG Sorensen, Barueri, Brazil), coupled to high-
speed handpiece (Kavo model 605c, Joinville, Brazil). 
The diamond point was changed at every 30 teeth, 
to assure its correct use. The initial penetration 
was performed on the center of the central sulcus 
of the occlusal surface with the drill parallel to 
the tooth long axis, obtaining a contour shape 
according to the tooth morphology [12]. For the 
teeth presenting carious lesion contour shape was 
defined according to the extension of the carious 
tissue, which was removed with the aid of a round 
carbide drill (KG Sorensen, Barueri, Brazil) with 
size compatible with that of the cavity, changed 
at every 30 teeth, coupled to a micro motor and 
contra-angle at low speed (Kavo model 161 and 
model 2068, respectively). 

After this procedure, the roof of the pulp 
chamber was removed and the surrounding walls 
became more divergent towards occlusal, with the 

aid of Endo Z drill at high speed (Dentsply Maillefer, 
Ballaigues, Switzerland), aiming at making easy 
the direct view, illumination and access of the 
pulp chamber.

After the conclusion of the access, a straight 
explorer was used to examine the pulp chamber 
floor to find all the entrances of the present root 
canals. Aiming at improving the observation of the 
found root canals, a file sequence was employed to 
enlarge the entrances of the canals, starting from 
sizes #8 and #10 (Dentsply-Maillefer, Ballaigues, 
Switzerland), followed by size #15 Kerr file (Dentsply-
Maillefer, Ballaigues, Switzerland), #20 and #25 
Flexofile files (Dentsply-Maillefer, Ballaigues, 
Switzerland), changed at every tooth groups. 
Sodium hypochlorite solution at 2.5�� concentration 
(Biodinâmica, Ibiporã, Brazil) was employed during 
all negotiation phase of root canals.

Microscopic assess�ent

The visual magnification was executed through 
an optical microscope (DF Vasconcellos M�00, Rio 
de Janeiro, RJ, Brazil), which improves the floor 
observation. All teeth were visualized with the 
aid of the microscope at x16 visual magnification 
so that the canals not identified could have been 
visualized and also to confirm more precisely the 
number of canals.

Microscopic assess�ent �it�out anato�ical 
cro�n

Aiming at a better identification of the canals, 
since atresic canals are difficult to be observed, 
in this study an anatomical cut of the crown was 
executed by the same operator.

The anatomical cuts of the crowns were 
executed at the anatomical neck with the aid of 
no. 2200 diamond point (KG, Sorensen Barueri, 
Brazil); this was changed at every tooth groups 
and coupled to high-speed handpiece (Kavo model 
605c). After the cutting of all teeth, each tooth was 
stored into colorless plastic bags correctly numbered 
according to the tooth number. The observation and 
exploration with straight explorer was carried out 
under visual magnification (optical microscopy at 
x16 magnification), enabling the identification of root 
canals that possibly were not identified during clinical 
access. Root canals found during this step were 
negotiated by the aforementioned file sequence.
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Results

Through the methodology employed, it was possible to observe regarding to the amount of root 
canals, a difference according to the assessment type executed, with variations in the number of canals 
found at each step (graph 1). 

Graph �� – Nu�ber o�� root canals in �an�ibular secon� �olars 

The prevalence of teeth with three canals was 
noted. Notwithstanding, through the microscopic 
and anatomical assessments, the amount of four 
canals increased, making possible to find cases 
with five canals. 

With regard to the configurations of root canals, 
the radiographic examination (step 1) did not 
allow to analyze the shape of canals, so that their 
morphology was established at the subsequent steps. 
The configuration with the greatest percentage was 
round-shape canals in both roots, defined during 
the clinical assessment step (table I). 

Table I – Con��i�uration o�� root canals in �an�ibular 
secon� �olars, at clinical access step (absolute an� 
relative ��requencies, at %)

Mesial Distal

Round 56 (60.8��) 2� (4�.1��)

Elliptical 0 (0��) 8 (13.5��)

Flattened 32 (34.7��) 20 (33.8��)

C 2 (4��)

Total �2 5�

Only two cases of mandibular second were 
found with “C-shaped” configuration. At the third 
step of the study, in which visual magnification 
was used after pulp chamber access, it could be 
observe an increase in the relative frequencies 
due to the increase of the number of root canals 
found (table II). 

Table II – Con��i�uration o�� t�e root canals in �an�ibular 
secon� �olars, at �icroscopic assess�ent step 

Mesial Distal

Round 58 (5�.1��) 32 (47��)

Elliptical 0 (0��) 14 (20��)

Flattened 36 (36.7��) 20 (2�.4��)

C 2 (4��)

Total �8 68

At the step of anatomical observation, some 
percentages were maintained, while others changed 
because of the possibility that not previously seen root 
canals were found after the removal of the anatomical 
crowns, which allowed a better illumination quality 
of the pulp chamber floor (table III). 
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Table III – Percenta�e o�� con��i�uration o�� canals at t�e 
step o�� anato�ical observation o�� �an�ibular secon� 
�olars 

Mesial Distal

Round 58 (5�.1��) 32 (47��)

Elliptical 0 (0��) 14 (20��)

Flattened 36 (36.7��) 20 (2�.4��)

C 2 (4��)

Total �6 68

Discussion 

In this present study, most frequently, the 
mandibular second molars exhibited round-shaped 
canals and three canals, respectively regarding 
to the configuration and number. The relevance 
of such configuration for endodontic practice is 
advantageous in relation to the shaping achieved by 
the instruments after biomechanical preparation, 
minimizing the percentage of instrument fracture 
due to torsion, because round-shaped configuration 
would avoid that the instrument’s t ip were 
apprehended in the walls due to the shape similar 
to that of the file [13].

It was demonstrated that the conventional 
radiographic method limits the identification of 
canals even without image superposition and with 
angle standardization for all studied teeth. Current 
studies have affirmed that only the two-dimensional 
analysis of radiographs did not provide an accurate 
diagnosis of the internal morphology of the canals 
because of image superimposition, contrast and 
angulation limitations. Other factor limiting the 
identification of canals is the professional’s expertise. 
Notwithstanding, even the most experienced 
professional could not identify changes in root canal 
system. Thus, the current researches have proposed 
a new auxiliary method to help in identifying atresic 
and calcified canals, and isthmus areas, which is 
computed tomography [4, 11, 17, 1�].

Carvalho and Zuolo [3] conducted an in vivo 
study to evaluate �3 mandibular first and 111 second 
molars regarding to the number of root canals. At 
the first appointment, pulp chamber exploration 
was performed with naked eye, finding 641 canals. 
At the second appointment, visual magnification 
through optical microscopy was used, and more 
50 canals were found – accounting for an increase 
of 7.8��. The authors concluded that the use of the 
optical microscope help in identifying the canals not 
observed by conventional clinical examination. 

Through the aid of visual magnification 
(optical microscope) after the clinical access and 
cut of the anatomical crown, it was observed an 
increasing of the number of canals identified, 
which is in agreement with previous authors. This 
demonstrates that the optical microscope help 
in the identification the canals not observed by 
conventional clinical examination 

Malvar and Corbacho [14] studied the internal 
morphology of 81 mandibular second molars 
through diaphanization. The authors observed 
the number of roots; main and recurrent canals, 
inter-canals, and apical deltas. They noted that in 
the mesial roots, there was a greater prevalence 
of two different canals extending from pulp 
chamber to the apex. For the distal root, one 
canal extending from pulp chamber to the apex 
was more frequently found. In this present study, 
most of the teeth showed three canals, two mesial 
and one distal. The presence of teeth with four 
and five canals after the last step of the study 
increased; however, it was lower than the amount 
of teeth with three canals. 

Cooke and Cox [6] were the first authors to 
report a case of “C-shaped” mandibular second 
molar  and affirmed that such variation occur in 
8�� of the cases. Studies on mandibular second 
molars have shown that the occurrence of “C-
shaped” canals may range among populations: 
between 2.7�� and 7.6�� in Caucasians, 6�� among 
Arabs, 14�� among Lebanese and 31.5�� among 
Chinese [1, �, 16, 20, 21]. The percentage of “C-
shaped” canals in this present study was of 4��, 
which is lower than the percentage reported by 
Cooke and Cox. 

The radiographic examinations, even with their 
limitations, should be used to aid in identifying 
morphological variations and in choosing resources 
and materials to be used during endodontic 
therapy. The access to pulp chamber should be 
performed allowing an adequate observation of 
the chamber floor aiming to identify the canals 
and their configurations. The negotiation of root 
canal systems should be executed through proper 
instruments, since it is one of the most important 
treatment stages and the morphology domain would 
make ease the subsequent operative steps. 

Visual magnification provided by optical 
microscopy helps to identify atresic and calcified 
root canals and it can be an auxiliary tool of 
endodontic armamentarium. The result of the 
knowledge and domain of the internal morphology 
will be the increasing of endodontic treatment 
success rates. 
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Conclusion

It was possible to verify that, regarding to 
configuration, round-shaped cross section prevailed 
in mandibular second molars, probably because 
of the conical shape of the roots. The three-canal 
specimens were the most found; however, with 
the aid of visual magnification through optical 
microscope, the identification of teeth with both four 
and five canals increased during the observation 
of atresic root canal entrances. A prevalence of 
“C-shaped” canals was similar to that reported in 
literature, of approximately 4��.
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