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ABSTRACT

This study was carried out to investigate the frequency of fourth (distolingual) canal in the
permanent mandibular first molars and to determine the effect of modified access cavity preparation
for endodontic treatment. It was an observational study. The study was conducted at the Department
of Operative Dentistry, Institute of Dentistry, Liaquat University of Medical & Health Sciences,
Jamshoro/ Hyderabad from September 2009 to February 2010.

Two hundred permanent mandibular first molars were selected from male and female patients
presenting for endodontic treatment. The method used for exploring the fourth canal was the modified
access cavity preparation which involved changing the triangular access cavity shape to a quadran-
gular shape. The study involved careful selection criteria, pre-operative radiological examination and
then triangular access cavity preparation. The number of canals found by triangular access cavity
preparation was noted on the proforma before extending the shape to a quadrangular shape and then
a thorough exploration of the floor of the pulp chamber was done. Finally, if fourth canal was present,
the presence of the fourth canal was confirmed by taking two periapical radiographs at two different
angles with 15 # K files in the root canals. The data collected were analyzed using the chi square test.

The results showed that fourth canal was found in 36% of permanent mandibular first molars.

The effect of modified access cavity preparation was significantly higher (P= 0.0001) in cases
with a fourth canal than in teeth with three canals (P= 0.05). Statistically there was insignificant
difference (P= 0.7) between the genders for the occurrence of fourth canal.

Conclusions: This study demonstrates that there is a greater frequency of fourth canal in the
permanent mandibular first molar teeth than previously thought. Also changing the shape of access
cavity from a triangular outline to a quadrangular outline facilitates in locating the fourth canal.
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INTRODUCTION

Mandibular first molars are often the first perma-
nent teeth to erupt in the oral cavity. Their functions
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include mastication, maintenance of the vertical dimen-
sion of the face and also the stability of the lower arch.
These teeth require endodontic treatment to greater
extent compared with other teeth.! The knowledge of
internal root anatomy is considered as the basic step
in the success of endodontics. In addition an accurate
diagnosis and a proper preparation of the canalicular
system will enhance the clinical outcome. However,
undetected supplementary root canals during end-
odontic procedure is the major reason in the failure of
endodontic treatment.?

The root canal system generally exhibit variations
in all teeth, but many dentists assume a standard
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number of root canals while performing root canal
treatment, which may consequently lead to endodontic
treatment failure. Root canal variation is very common
inthe permanent mandibular first molars leading us to
assume the incidence of a fourth canal until confirmed
otherwise by careful examination and exploration of the
pulp chamber floor. The use of magnification, adequate
lighting and modified access may aid the exact location
of the root canals.?

A triangular shape outline of the access cavity for
permanent mandibular first molarsis usually designed.
Current concepts of endodontic access cavity prepara-
tion suggest a wider access cavity so as to facilitate
total exploration of the pulp chamber. The triangular
shape of the access cavity preparation restricts the op-
erator from being able to completely examine the pulp
chamber floor. The modified access cavity preparation
increases the likelihood of ruling a fourth canal.*

The purpose of this study was to evaluate the occur-
rence of the fourth canal in the permanent mandibular
first molars and to find out the effect of modified shape
of the access cavity from the triangular shape to the
quadrangular shape on its frequency of fourth canal
in the permanent mandibular first molars.

Till to date, no significant study has been performed
as per author’s knowledge, which records these vari-
ations in the Pakistani population. All the available
data which is taught at the undergraduate as well as
postgraduate level is obtained from research studies
conducted in Europe and North America from Caucasian
population. Furthermore studies conducted in other
populations show a definite variation based on racial
differences especially in the Asian population.®®

The outcome of this study will therefore assist in
performing endodontic treatment with improved un-
derstanding of the internal anatomy of the permanent
mandibular first molars.

METHODOLOGY

The study was carried out at the Department of
Operative Dentistry, Institute of Dentistry, Liaquat
University of Medical & Health Sciences, Jamshoro/
Hyderabad, over a period of six months from September
2009 to February 2010. This included the time taken
to collect and analyze the data.

Restorable 200 permanent mandibular first molars
with fully formed roots were selected from 100 male
and 100 female patients with no age restriction by

convenience sampling technique. Informed consent for
the procedure was obtained from patients. Complete
demographical data was recorded on a proforma; the
proforma also recorded all the procedures and find-
ings. A pre-operative radiograph was taken. Careful
interpretation of the pulp chamber and the root canals
was carried out and the number of root(s) / root canals
identified.

After proper anesthesia and isolation with rubber
dam, the pulp chamber was accessed using a diamond
round bur in a high speed hand piece. Initially a stan-
dard triangular access cavity was prepared. The pulp
chamber was then irrigated with a 2.5% sodium hy-
pochlorite solution. The pulp chamber was then dried
and carefully explored with a DG16 endodontic explorer
and the number and location of the canal orifices was
identified and noted on the proforma.

Then a modification of the access cavity was car-
ried out to change the outline from a triangular to a
quadrangular shape. The pulp chamber floor was again
irrigated and dried and further exploration carried
out to try and locate the fourth canal in the distal and
distolingual area. Any subsequent finding was noted
on the proforma.

Then two periapical radiographs at different an-
gles were taken with 15 # K files in the root canals to
confirm the number of root canals located. Endodontic
treatment was then carried out to completion.

DATA ANALYSIS

Data collected were entered on the SPSS version
10. The collected data were analyzed for the number
of root canals in each root, proportion of patients with
a fourth canal and increase in proportion of patients
diagnosed with a fourth canal by modifying the shape
of the access cavity preparation and by gender. The chi
square test was applied.

RESULTS

The results show that out of 200 permanent man-
dibular first molar teeth, 72(36%) had four canals,
two in the mesial root and two in the distal root while
128(64%) had three canals, two in the mesial root and
one in the distal root (Fig 1).

Out of 128 teeth, 3 canals were found in 110 cases
with a triangular access cavity preparation while 18
cases were found having 3 canals with a quadrangular
access cavity preparation.
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Fig 3: Frequency of 3 canals and 4 canals according to
gender n=200

Out of 72 teeth, fourth canal were found in 40
cases with a triangular access cavity preparation but
further exploration with a quadrangular access cavity
preparation revealed 32 more cases with a fourth canal
(Fig 2). Therefore the effect of modified access cavity
preparation was significantly higher (P=0.0001)in cases

with a fourth canal than in teeth with three canals (P=
0.05).

Accordingtogender 38(38%) out of 100 male patients
treated had a fourth canal in permanent mandibular
first molars. Also 34(34%) out of 100 female patients
treated had a fourth canal in permanent mandibular
first molars (Fig 3). Statistically there was insignificant
difference (P= 0.7) between the genders.

DISCUSSION

For the success of endodontic treatment, a com-
prehensive knowledge of root and canal morphology,
detailed interpretation of periapical radiographs, proper
access cavity preparation and a detailed exploration of
the interior of the tooth are essential prerequisites.®
The failure in locating the canal is major reason of
recurrence of endodontic infection after obturation.!!

The mandibular first molar is most commonly treat-
ed tooth® and there is significant lower success rate of
endodontic treatment of mandibular first molars than
the other teeth!? due to persistent infection caused by
missing canal.!?

The mandibular first molar has variations in root
canal morphology.® According to reports of various in
vitro as well as in vivo studies fourth canal is common
finding in permanent mandibular first molars.5%1
Many studies®®!* have been conducted and reported
that the incidence of four canals ranges from 4% to
57% in different populations.!®

Different methodologies have been used to study
the root canal morphology of the permanent man-
dibular first molar including clearing technique,®’
replication technique,® sectioning and macroscopic or
Scanning Electron Microscopy (SEM) evaluation,®
radiographs,!’ use of radiopaque dyes,” plastic resin
injection,’ micro-Computed Tomography (mCT),!8 Spiral
Computed Tomography (SCT),'® Cone Beam Computed
Tomography (CBCT).2* All above methods may have
shortcomings.

The conventional radiograph is the only routine
chair-side method to visualize the structure of the tooth
during endodontic treatment but it does not provide
complete picture of internal anatomy of tooth.

In the present study, two periapical radiographs
were taken at different angles to confirm the number
of root canals located.

The use of a dental operating microscope has proved
to be an important clinical tool because it has helped
tremendously in locating additional canals.

Hartwell G and Bellizzi R in 1982 conducted an in
vivo study in 846 endodontically treated permanent
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mandibular and maxillary molars using periapical
radiographs, reported that fourth canal was found in
35.1% of 297 mandibular first molars in total sample
size.?

Fabra Campos Hin 1985 examined 145 mandibular
first molars clinically and radiographically, fourth canal
was found in 47.6% (69 out 145) of examined teeth.?

In 1999, Al-Nazhan S examined two hundred and
fifty oneroot canal treated permanent mandibular first
molars clinically and radiographically in Saudi Arabian
subpopulation. Fourth canal was found in 57.76% of
total examined teeth.?*

Retrospective studies25,26 revealed that fourth
canal was present in 31.5% and 29.9% respectively in
permanent mandibular first molars.

The findings of present study revealed that fourth
canal was found in 36% (72 out of 200 teeth) of per-
manent mandibular first molars in the total treated
patients.

The incidence of fourth canal in this study is equal
to finding of study conducted by Chourasia HR,?” but
higher than studies conducted by Hartwell G,?* Yew
SC,% Zaatar EI1,% Sperber GH,'® Gulabivala K,?® Reuben
J,1° de Pablo OV,? and lower than studies conducted
by Fabra Campos H,? Al-Nazhan S,2* Ahmed HA,*
Pattanshetti N,*! Chen G,'* Wang Y,?° Zhang R,?? Kim
SY.38

The high frequency with which a fourth canal was
found leads us to believe that the fourth canal is a
very frequently occurring variation in the permanent
mandibular first molars, therefore every effort should
be made to locate fourth canal until proven there are
only three canals.

The mostimportant step in successfully locating the
fourth canalis to establish excellent access to the entire
pulp chamber.?* The shape of the pulp chamber reflects
the number of roots and canals. Teeth with three root
canals have a triangular pulp chamber, whilst teeth
with four canals have a quadrangular pulp chamber.'6
The standard access cavity preparation which is tri-
angular in shape does not allow for exploration of the
pulp chamber floor for a fourth canal.3*

Due to the high incidence of fourth canal in per-
manent mandibular first molars, the conventional
triangular access cavity should be extended towards
the distolingual direction in order to improve canal
identification.?”

This was proved again in this study where in 32 out
of 72 cases the fourth root canal was found only when
the outline of the access cavity was extended from a
triangular shape to a quadrangular shape. The shape

of the distal canal orifice was also helpful in predicting
the presence of a fourth canal since during the study
an oblong or bean shaped orifice nearly always lead to
two canals. Also the extreme buccal or lingual position
of the orifice was an indication of a fourth canal.

For the presence of fourth canal there was insignif-
icant difference between genders in studies conducted
by Al-Nazhan S in 1999,% Pattanshetti N and others
in 2008,*! and Kim SY and others in 2013,* findings
of these studies are similar to findings of this study.
The findings of present study showed that 34% female
patients and 38% male patients treated had a fourth
canal.

Various factors are related to differences in findings
of conducted studies such as racial divergence, sample
size, study design (ex vivo versus in vivo), technique of
canal identification (sectioning, clearing, radiographic
examination), classification systems, ethnic background
of tooth sources and patient’s age.!”

The radiographs were found tobe an integral part of
the diagnostic as well as the procedural phases of end-
odontic treatment. The multiple periapical radiographs
taken at different angles are considered as accepted
methods becausethey create athree dimensionalimage
and help to diagnose extra canals.?%

In this investigation it is believed there was a com-
bination of factors responsible for finding the fourth
canalincluding recognizingits existence, pre-treatment
radiographs, quadrangular access cavity shape, good
exploration, and thorough radiographic analysis using
the image cone shift technique.

Variations in the morphology of the dental pulp
are caused by genetic, developmental as well as envi-
ronmental influences, and there is clear cut need for
clinicians to be made aware of the frequency of racially
determined forms.® Therefore, a better understanding
about root canal morphology is essential for improving
the outcome of endodontic treatment of mandibular
first molars.?

CONCLUSIONS

Present study demonstrated that, thereis a greater
frequency of a fourth canal in the permanent mandibu-
lar first molar than previously thought. Based on this
information more attention should be given to search-
ing for locating and treating this canal. A mesial shift
provides a better radiographic view of the roots helping
in diagnosing canal structure. The shape of the access
cavity should be quadrangular and not triangular, so
that chance of missing a canal is minimized.

In light of the above findings, it is recommended
that further research should be carried out to note all
the variations in root canal morphology of permanent
mandibular first molars in the local population.
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