
INTRODUCTION

he main reason that is reported for the unfavorable
outcome of an endodontic treatment is the microbial
leakage to the periapical area. The leakage of

microorganisms is the consequence of suboptimal
instrumentation, inadequate cleaning, insufficient length and
density of root canal obturation.1 Additionally, missed and
untreated root canals have been highlighted as the contributory
factors towards the development of periapical lesions.2

Therefore, in order to achieve a successful outcome for the
endodontic procedures a thorough knowledge of the root
canal system is required for adequate cleaning, shaping and
obturation.

Considering the tooth morphology, one of the most
variant and challenging tooth to treat is the maxillary second

molar. A few studies have investigated the morphological
variations in the roots and the root canal systems of the
maxillary second molars.3,4,5,6 Pecora et al examined 200
maxillary second molar teeth and found that 58% of the
teeth exhibited three canals, while four canals were found
in 42 % of the teeth. The fourth canal was mainly found in
the mesiobuccal root of these teeth.3 However, two distinct
canals have also been reported in distobuccal and palatal
roots.4,5,6 Libfeld and Rotstein reported that 90.6% of the
second maxillary molars had three roots with three or four
canals, whereas 6% of the teeth were two-rooted, 3% had
a single root, and 0.4% had four roots.7

Moreover, some case reports have also been published
with rare findings with respect to the number of canals and
roots in the maxillary second molars. Tank documented a
case of maxillary second molar having two palatal roots
with two distinct canals and foramina at the apical level.8

Fava et al reported the presence of one canal and one root
in both second maxillary molars of the patient9, while Alani
reported four roots in the second maxillary molars of the
patient bilaterally.10 Baratto-Filho et al. carried out an in
vitro study of two maxillary second molars with four canals
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and two different palatal roots.11 Barbizam et al. reported a
similar study of a second maxillary molar with four canals
in four distinct roots.12 Benenati presented a clinical case of
a second maxillary molar with two palatal roots and a groove
located at the palatal side of the tooth.13

Considering, aforementioned variations in the root canal
morphology of Maxillary second molar teeth. It is important
that detailed visual and radiographic examination should be
carried out while performing the endodontic procedure. The
utilization of magnification devices like dental operating
microscopes and magnifying loupes with proper lighting
can significantly improve the location of canals in the clinical
settings.14,15,16 The variations of the root canal systems are
thought to be related to ethnicity and genetic makeup.17

There are several clinical studies on the maxillary second
molars across the world, whereas, the data on the maxillary
second molars is limited in Pakistan. The present study
describes the use of dental loupes along with dental head
light and other clinical aids like transillumination, champagne
bubble test and use of 10% India ink for locating the canals
in the maxillary second molars.18 The results of the study
will help the Pakistani dentists in clinical decision making
with regards to pretreatment and peri-treatment planning as
well as in diagnosis of endodontic retreatment cases of
permanent maxillary second molars. Therefore, the objective
of this study was to assess the variations in the root canal
configuration of maxillary second permanent molars in the
Pakistani subpopulation by using different clinical aides in
vivo.

METHODOLOGY

The current cross-sectional analytical study was
conducted from April to October 2018 at the Operative
Dentistry Department of the Dental College of Riphah
Internat ional  Universi ty,  Is lamabad,  Pakistan
after obtaining the ethical apptoval from the institute
(Ref. No. IIDC/1RC/2017/01/07). The sample size was
calculated by using WHO calculator. Sample size was found
to be 95 with confidence level of 95%, relative precision of
0.10 and estimated population proportion of 58%.3 Non-
probability purposive sampling technique was used. The
patients between the age of 18 and 50 years with adequate
mouth opening who reported at the operative dentistry
department for the endodontic treatment of maxillary second
molars with irreversible pulpitis or pulp necrosis were
included in the study after obtaining their consent. Patients
who refused to participate in the study, presented with non-
restorable Maxillary second molars or had limited mouth
opening were excluded from the study.

The patients were administered local anesthesia by

infiltration technique in the buccal sulcus adjacent to the
upper second molar which was to be treated followed by the
rubber dam application. A standard access cavity was made
using the no 4 round bur (Dentsply/Maillefer, USA) and
non-end cutting tapering fissure carbide bur (EndoZ bur,
Dentsply/Maillefer, USA). After deroofing the chamber
completely and straightening the walls appropriately, bleeding
was controlled using sodium hypochlorite wash
(PD,Switzerland) and by excavating the coronal portion of
the pulp with a spoon excavator (excavator 123/124, Dentsply
Ash instruments, UK). After the hemostasis was achieved
the chamber floor was examined with the help of 2.5x
magnifying loupes (Gallilean loupes, Keeler, UK). The
identified orifices of mesiobuccal, distobuccal and palatal
canals were negotiated with size 15 k files (SybronEndo,
USA) .The presence of additional canals were then ruled
out by using transillumination (TransCure, Kinetic
Instruments Inc, USA), champagne bubble test and by
staining the floor with 10 % India ink (Pelikan,Germany).18

The additional canals thus found were then negotiated with
size 10k files (SybronEndo,USA) and a radiograph was
taken after placing the files in all the located canals in order
to confirm the presence or absence of these canals. The
findings were then recorded on a proforma stating the age
and gender of the patients along with all the other information
collected during the procedure.

Data analysis was done using SPSS version 23. Mean
and standard deviation were described for the demographic
characteristics of the participants (age and gender).
Frequencies and percentages of the number of canals in
second maxillary molars were also calculated. In order to
control the effect modifiers the patients were stratified
according to age and gender. Chi-square test was applied to
see the effect of age and gender on presence of three canals.
P-value of less than 0.05 was taken as significant. The
following null hypotheses were tested: (i) Age have no effect
on presence of three canals (ii) Gender has no effect on
presence of three canals (iii) In male patients, age has no
effect on presence of three canals (iv) In female patients,
age has no effect on presence of three canals.

RESULTS

Total ninety five subjects with 55(57.9%) females and
40(42.1 %) males participated in this study. The female to
male ratio was 1.37:1. The age of the participants was
between 18 years and 50 years. Overall, 37(38.9%) patients
were in age group 1(18-30 years), 28(29.4%) patients were
in age group 2(31-40 years) and 30 (31.5%) were in age
group 3(41-50 years). Out of the 95 teeth included in the
study 6(6.3%) teeth had a single canal, 7(7.4%) teeth had
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two canals, 58(61.1%) teeth had three canals and 24(25.3%)
teeth had four canals (Table 1).

In group 1(18-30 years), total 3 canals were found in 17
patients. In group 2 (31-40 Years) 19 patients were having
3 canals. In group 3 (41-50), 22 patients were found having
3 canals. The results showed that the chances of having 3

canals got significantly higher with the increasing age
(p-value=0.049) (Table 2).
 Gender-wise evaluation of teeth showed that 3 canals
were found in 29 males out of 40 and 29 females out of 55.
The difference was found to be statistically insignificant
(p-value=0.051) (Table 3).

Data was further analyzed for the presence of 3 canals
in male and female patients within different age groups.
Significant difference was noted in the presence of 3 canals
in both male and female patients (Table 4 and Table 5).

DISCUSSION

The goal of endodontic therapy is to relieve pain and
achieve healing of the periapical area. The failure to
accomplish aforementioned goal results in the post treatment
disease.2 The failure to eradicate the intra-radicular bacteria
is the main etiological factor for the post treatment disease.
These bacteria may survive within the canal due to a host
of reasons including the inability of the disinfectants to reach
the bacteria or missed canals during the preparation of access
cavity.2 The canals which may go undetected during the
access cavity preparation stage are the additional canals that
occur in certain type of teeth as normal morphological
variations. Apart from a thorough knowledge of the anatomy
of the teeth, use of magnification and clinical adjuncts can
also greatly increase our ability to identify and negotiate the
canals.14,15,16  The present study was designed to make use
of clinical aids during access cavity preparation of maxillary
second molars in order to identify the variations in the root
canal configuration of maxillary second permanent molars.
The aids included the magnifying dental loupes, staining of
the pulp chamber floor, use of trans-illumination and the
champagne bubble test.18

The prevalence of one and four canals in the current
research were comparable with the findings of study
conducted by Shafqat et al on the Pakistani population.19

The prevalence of second maxillary molar teeth with one
and two canals was significantly higher in Pakistani population
as compared to the Brazilian population (0%).3 Conversely,
Pecora and colleagues reported significantly higher percentage
of second maxillary molars (42%) with 4 canals in Brazilian
cohort.3 The percentages of four canals in Pakistani population
were found to be 25.3% in current study and 21.25% as
reported by Shafqat et al.19 Accordingly, Peikoff et al noted
22.7% of the maxillary second molars with four canals in
the American population while using radiographic method
to assess the number of canals.20 Olczak reported 70%
maxillary second molars with three canals while 23.2% teeth
had four canals in polish population. The frequency of one
canal was 1% and two canals was 3.9 % in the same study.21

Interestingly, although observed  using CBCT which is a
very accurate method for detecting root morphology, the
findings of Olczak et al closely match the result of the present
study. According to Naseri et al 31% teeth had 3 canals while
4 canals were found in 67.5 % teeth. 1.2 % teeth had 5 canals
while none of the teeth had single canal or two canals.22 The
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variation in the findings might be attributed to the difference
in the ethnicities that can affect the morphology of the root
canals and the number of root canals.23 Another factor can
be the different investigative methods used by the
researchers.3,20,24

All the teeth with four canals in the current study had
fourth canal in the Mesio-buccal (MB) root. The findings
were in line with several previous researches where fourth
canal was found as an additional canal in the MB root of
the maxillary second molar.3,5,7,15,16,20 Pecora et al investigated
200 maxillary second molars by utilizing the clearing
technique and found that 42 % of the teeth with four canals
had the fourth canal exclusively located in their MB roots.3
Likewise, Peikoff and colleagues, while investigating 520
Maxillary second molars reported that fourth canal was
located in the MB root of all the teeth with four canals
(22.7%).20

The prevalence of three canals in present study was
about 61%. Whereas the study by Shafqat et al on Pakistani
population has reported the prevalence of 50%.19 The authors
did not find any further study on second maxillary molars
in Pakistani population. The findings of current study were
in line with the results reported in American (56.9%) and
Brazilian (58%) populations. Cross tabulation of the age
and the frequency of different canals showed that the
highest number of three canaled molars was present in group
3(41-50 years) that is 22 teeth which is consistent with the
trend observed in other in vivo24,25 and in vitro studies.3,26,27

This suggest that with age calcification of the mb 2 canals
leads to its obliteration and decreases the number of
negotiable canals to 3. The lowest number of three canaled
molars was present in the group 1(18- 30 years) that is 17
teeth. The incidence of four canaled molars however, showed
a reverse trend. The highest incidence of these teeth was
found in group 1(18-30years) that is 18 teeth. The lowest
incidence of these teeth was found in group 3(41-50 years),
that is only 1 tooth. The findings obtained via correlation
between age and number of canals were in line with the
findings of the previous studies which suggest that in younger
individuals the mb2 canal is not completely calcified and
may be negotiable clinically even under 2.5 x
magnification.3,20

 The comparative findings of various studies also
show great discrepancy in the incidence of the second
mesio-buccal canal. The frequency of its occurrence ranges
from 18.6% to 93%.28 Apart from this the presence of lesser
number of four canaled molars in groups with individuals
of older ages may also be due to the difference in the
methodology applied in detecting the number of canals with
sensitivity of 2.5x loupes being significantly less than in
vivo methods like examination under dental operating

microscope. Several studies have shown that the use of
higher magnification methods such as the use of dental
operating microscopes significantly improve the ability of
the operator to locate and negotiate additional canals such
as the MB2 canal.14,15,16 Das et al reported that their ability
to localize the second MB canal increased from 36% to 68%
in the subjects with age between 36 and 45 years, when
selective dentine removal using ultrasonic devices was done
under the dental operating microscope.29 This demonstrates
that in older individuals, even with increased chance of
calcification of canals, the use of magnification and
appropriate instruments may significantly increase the
success
of localization and negotiation of MB2 canal.

Several in vitro methods have been used to evaluate
root canal morphology and the number of root canals. These
include clearing of tooth and various ink injections into the
canal22,30 pulp floor inspection with scanning electron
microscope31 and examination of teeth with  the three
dimensional (3D) radiographic methods like CBCT and
micro CT.32 The 3D radiographic methods have reported a
higher incidence of a second mesiobuccal canal as compared
to other methodologies.27,28,32 The 3D reconstruction of the
root canal system, as provided by this technique, greatly
improves the ability of the operator to locate canals which
would otherwise be missed in 2 dimensional radiographic
techniques.27 The downside to CBCT is the large radiation
dose when used in vivo and lower resolution as compared
to the micro CT. This makes micro CT a more attractive
tool in finding prevalence of canals. Micro CT is however
an in vitro tool only and cannot be employed in vivo to
detect the number of canals and root morphology
preoperatively, unlike CBCT.33,24

The limitations of the current study include the limited
sample size, single center study and the use Dental loupes
with 2.5x magnification for canal location. Being a single
centered study a discreet approach should be employed
while generalizing the findings of the study. The study also
did not take into examine the number of roots of maxillary
second molars in the studied population.  It is recommended
that in future multicenter study with a large sample size
should be conducted by utilizing the three dimensional
radiographic methods. The findings of such study will be
applicable to whole Pakistani population.

CONCLUSION

In conclusion the chances of having three canals in both
male and female got high with the increase in age and there
was no significant difference in prevalence between male
and female subjects. The study also highlighted the
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importance of magnification and other clinical aids in the
detection of the canals. Therefore, while preparing the access
cavity in the maxillary second molars the pulp floor should
be carefully examined under magnification, supplemented
with clinical aids, to detect all present canals.
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