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Background: Knowledge of tooth morphology is obligatory for achieving success in dental treatment.
The root canal configuration of maxillary first premolar (MFP) has been shown to be highly varying.
The study was conducted to assess the canal configurations in the roots of upper first premolars within a
sample population of Peshawar with the help of tooth cross-sectioning method. Methods: The
extracted 250 maxillary first premolars had undergone access cavity preparation after cleaning and pulp
was removed from each individual tooth. The root canals were located in the pulp chamber floor and
then India ink was injected in to their orifices. When the canals get stained the roots were cross-
sectioned at three levels to assess the configurations of root canals using a categorization method
devised by Weine. SPSS version 19 was used to analyze the data. A p-value of less than 0.05 was
considered statistically significant. Results: Among 250 maxillary first premolars, the common root
canal configuration was Weine's type-IV in 30.4% and type-III in 30.0% teeth. Weine's type-I and type-
II were observed in 24.8% and 8.8% premolars, respectively. Variable root canal configurations were
seen in 6.0% teeth. Apical delta was found in 1 (0.4%) tooth. A highly statistically significant
difference was observed when root canal configuration was compared with external root morphology.
Conclusion: Weine's type-IV and type-IIlI root canal configurations were frequently observed in
maxillary first bicuspids.
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INTRODUCTION

Endodontic treatment is an important step of extensive,
standard dental treatment.! For effective endodontic
procedure, one must successfully clean and shape the
root canal, effectively obturate it, and perfectly restore
the crown.” This can only be achieved with complete
knowledge about the morphology of internal surface of
teeth. A dental practitioner must know the morphology
of pulp cavity of the tooth to be treated.’ This awareness
can help in locating the canals and consequent
treatment.” However, internal anatomy of tooth differs
greatly in various populations or within a single
population in different persons, therefore, accurate
knowledge of the internal anatomy of dentition and their
morphological variation is necessary for effective
endodontic treatment.*

In dentistry, one among the most problematic
tooth to be treated endodontically is the maxillary first
premolar (MFP). It shows many variations in the
anatomy of root surface and endodontic morphology.’
Some of the most widely described differences in the
upper first bicuspids include differences in the number

and type of root and canals.® The number and
configurations of  canals in  one, two
(bifurcated/laminated) and three rooted specimens of
upper first bicuspids may vary individually depending
on their backgrounds.” Atieh® performed a study on
Saudi population and reported that 8.9% maxillary first
premolars had Weine's Type-I, 26.8% had Weine's
Type-II and 63.0 % had Weine's Type III root canal
configuration.

Previous studies show that different techniques
have been used to assess the morphology of root canal.
Various techniques that have been used to evaluate
internal anatomy of the root including, decalcifying,
making sections, x-rays, computer aided procedures and
replicating technique, etc.” But among these root canal
staining and cross-sectioning method is less costly, easy
to conduct and does not require any complex modern
expensive machines."’

Identification of the internal anatomy of root is
crucial clinically, as it will help dental practitioners in
depletion of errors during endodontic therapy. As no
previous studies have evaluated the prevalence of
endodontic configuration in any dentition in Peshawar
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population, therefore, this research aimed to examine
the root canal configuration of permanent upper first
bicuspid teeth in a selected population of Peshawar
using a tooth cross-sectioning technique.

MATERIAL AND METHODS

This cross-sectional study was conducted at Oral
Biology department of Peshawar Dental College,
Peshawar. The Institutional Review Board (IRB) of the
Peshawar Medical and Dental College approved the
study. A sample of consecutive extracted 250 upper first
premolars with undamaged coronal and radicular
anatomy were included in this study. The teeth were
already extracted for periodontal or orthodontic reasons.
All patients signed a written informed consent to allow
their teeth to be used for research purpose in this study.
The teeth were collected over a period of 9 months, i.e.,
from April, 2016 to December, 2016.

After extraction, all the teeth were washed. To
remove any organic debris, the teeth were placed in
5.25% sodium hypochlorite solution for 30 minutes.
Teeth with calculi were cleaned with the help of
ultrasonic scaler. After cleaning they were kept in
formalin (10%) solution. Morphology of outer surface
of all the teeth were examined visually and their
findings were noted. Based on the number and form of
the root, specimens were divided into three groups; i.e.,
one-rooted, two rooted, and three rooted premolars.

A small hole was prepared as access to the
pulp chamber in centre of the coronal surface of the
tooth. When the access cavity was prepared, the pulp
was obliterated by keeping the specimens for 4 hours in
sodium hypochlorite solution (5.25 %) and followed by
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washing with tap water for two hours. After that, teeth
were kept at room temperature for one day to dry out.
Through the coronal surface of the crown, a waterproof
black ink was administered inside the pulpal cavity.
This was done through root canal irrigation syringe
having a needle of twenty-seven gauge, so that the root
canal system becomes distinctly visible. Ethanol-soaked
gauze was then used to remove any excessive ink from
the tooth surface. After staining they were bench dried
for 2 hours. All the sample had been mounted on slow
speed saw (TechCut4 ™ USA) with diamond cutting
blade shown in Fig.1 and roots were sectioned at three
points (coronal, middle and apical 1/3™)."

Standardized digital photographs of these root
sections were taken from a distance of 10 cm and zoom
(x2.5) shown in figure-2.

An oral biologist having experience of more than five

years, evaluated the root cross-sections following

Weine’s'"? classification of root canal configuration

(Figure-3). The observations that were recorded are

mentioned below.

e  Weine's type- —p one orifice, one canal, one
foramen

e  Weine's type-I. —» two orifices, two canals,
one foramen

e Weine’s type-Ill —»  two orifices, two canals,
two foramina

e  Weine's type-IV — one orifice, two canals, two
foramina

SPSS 19.0 was used to analyse data. Chi square test at
5% level of significance was used to determine
association

Coronal 1/3"

Figure-1: Sectioning of tooth root by saw '

Middle 1/3™

(]

Apical 1/3¢

Figure-2: Digital photographs of root sections at three levels
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Figure-3: Weine's classification of root canal
configuration

RESULTS

A sample of 250 extracted human teeth was
observed for variation in root canal configuration
of MFPs.

The commonly observed root canal
configuration was Weine's type-IV found in 76
(30.4%) teeth and Weine's type-11I was seen in 75
(30.0%) teeth. Weine's type-I root canal
configuration was seen in 62 (24.8%) bicuspids
and 22 (8.8%) premolars had Weine's type-II
pattern. Few MFPs (n=15) bicuspids had
variations from Weine's classification in their
canal configurations. Five (2.0%) teeth out of
these had canal pattern of 2 orifices, 1 canal and 1
foramen. Three (1.2%) had 1 orifice, 2 canals and
1 foramen and one (0.4%) tooth had 2 orifices, 1
canal and 2 foramina in its root canal system.
Apical delta was found in 1 (0.4%) tooth. Five
(2.0%) premolars had three roots and three
orifices in floor of pulp chamber, three root
canals and three separate apical foramina were
seen (Table-1).

The data for the relationship of root
number with their root canal configurations
(Weine's Classification) is illustrated in Figure-4.
Fifty-nine (52.7%) teeth had single root and
Weine's Type I canal form in their root canal
system. The two separate roots were purely of
Weine's Type III in 57 (56.4%) teeth followed by
Type IV in 44 (43.6%) teeth. The canal patterns
found in three rooted teeth were different
(Variation # 5) from Weine's classification (Tab.1
& Fig.4). Variations were prevalent in nine single
rooted (8.0%) and in one out of two fused roots
(3.1%) whereas no deviation was found in two
separate root variety. The respective relationships
of the various root canal configuration for all
types of roots was statistically significantly
different (p=0.001) as shown by Pearson Chi
Square test (Figure-4).
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Table-1: Frequency of root canal configurations of
maxillary first premolars

Weine's Classification Number of teeth (%)
Type 1 62 (24.8)
Type 2 22 (8.8)
Type 3 75 (30.0)
Type 4 76 (30.4)
Variation # 1 5(2.0)
Variation # 2 3(1.2)
Variation # 3 1(0.4)
Variation # 4 1(0.4)
Variation # 5 5(2.0)
Total 250 (100.0)

Bar Chart

0+ Canal Configuration

jm Weine's Type1 (1 orifice, 1
canal, 1 foramen)
[ Weine's Type 2 (2 orifices, 2
canals, 1 foramen)
504 [ Weine's Type 3 (2 orifices.2
canals, 2 foramina)
Weine's Type 4 (1 orifice, 2
B Canais, 2 foramina)
[ Variation # 1 (2 orifices, 1
canal, 1 foramen)
jm Variation # 2 (1 orifice, 2
canals, 1 foramen)
fmy Variation # 3(2 orifices, 1
canal, 2 foramina)
[ variation # 4 (apical delta)
30 fig Variation #5 (3 orifices, 3
canals, 3 foramina)

40

Count

20

Single Two separate Two fused Three

Number of Roots

Figure-4: Relationship of root number with canal
configurations of maxillary first premolars

DISCUSSION

A precise acquaintance of canal configurations of
MFPs roots and their variation from normal
morphology is mandatory for successful endodontic
treatment."” Root canal staining and cross-sectioning
method had been used in this study because it was
less costly, easy to conduct and does not require any
complex modern expensive machines. Moreover, the
actual path of the root canal was followed all the way
from pulp chamber floor to apical foramen in order to
give exact root canal configuration (Figure-3). A
similar method had been adopted to detect the canal
system of upper first premolar teeth in other studies
as well !

In our study, Weine's classification had been
used in its original form with no modifications
because it was the only criteria which considered
both canal orifices at pulp chamber floor and apical
foramina at the same time. Also, most of the
researchers who did in vitro root cross-sectioning had
used it for determining canal shapes.*" In our study
(Tab. 1), the findings were interestingly different
from the afore mentioned studies regarding root canal
shapes.*"*"* The Weine's Types III and IV were
observed in equal distribution, i.e.,30.0% and 30.4%
respectively, among the total sample of 250 maxillary
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first premolars. Weine's Type I was also in near range
(24.8%) and Type Il was identified in lower numbers
(8.8%). Five (2.0%) teeth out of the total sample had
three root canals, one canal in each root of the three
rooted variety, was one of the common deviations
(Variation # 5) among canal types in present study.
This variation (3 orifices, 3 canals, 3 apical foramina)
was described by Vertucci as Type VIII in his
classification.'® The other common deviation from
Weine's classification had 2 orifices at floor of pulp
chamber, 1 canal within the root and 1 separate apical
foramen (Variation # 1) was located in 5 (2.0%)
bicuspids. Three (1.2%) upper bicuspids had another
type of divergence from the normal anatomy having
1 orifice, 2 canals that exit as 1 foramen (Variation #
2) which was demonstrated as Type III in Vertucci's
study.'® One other difference from Weine's
classification in this study had 2 canal orifices
followed by 1 canal and two apical foramina
(Variation # 3) was observed in 1 (0.4%) tooth. These
variations were attributed to the differences in
evaluating procedure, sample size and classification
system applied in this study.

In this study (Table-1), the most surprising
difference (Variation # 4) was the presence of single
canal that divides to form apical delta in the apical
one third of the root in one (0.4%) premolar out of
250 teeth. The presence of apical deltas in maxillary
first premolars ranged between 1.8-29.2% in
literature.''"® There was no apical delta reported in
North Indian population in a study performed by
Gupta et al.” Likewise Turkish premolars also had no
apical delta in their root canal configuration."”> The
differences in origin and sample number of teeth may
be responsible for this variation among the current
study and the above-mentioned ones.

In the present setting (Figure-4), a highly
significant statistical difference (p<0.05) was
observed when MFPs root number was compared
with root canal configurations. It was prominent that
MFPs having single root showed larger difference in
root canal configurations as compared to two and
three rooted forms. These findings were in
accordance with the results of some earlier studies
published in the literature.'™"

The maxillary first premolars showed a great
variation with respect to root canal configurations.
The endodontists should keep these variations in
mind while doing root canal treatments (RCTs) and
handle these difficult canal morphologies by using
their knowledge and available tools. For locating and
negotiating such variable root canals, multiple
guidelines and tools are available in literature like
cautious reading and understanding of radiographs,
access cavity of proper shape and size, watchful
inspection of the floor of the pulp chamber to locate
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orifices of the canals, use of magnifying tools such as
dental loupes for clear visibility of the operating
area.”?!

One of the limitations of this study was that
it was an in-vitro study that could not help the
general dental practitioner at the time of performing
procedure in intact maxillary first premolar inside the
oral cavity.

CONCLUSION

Within the limitations of this study, the following

conclusions could be made:

e Maxillary first premolars (MFPs) frequently
showed Weine's type-IV and type-III root canal
configurations as compared to Weine's type-I
and type-II.

e Single rooted teeth showed more variations in
their root canal configurations followed by two-
fused rooted specimens.
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