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Abstract. - OBJECTIVE: The study aims to eval-
uate maxillary molars’ root and root canal mor-
phology among the Saudi population using Cone-
Beam Computed Tomography scanning (CBCT).

SUBJECTS AND METHODS: Retrospectively,
the CBCT scans of 483 Saudi nationals were
evaluated to identify the number of roots and
root canals in maxillary first and second mo-
lars. The records were tabulated and classified
according to Vertucci and a new system for root
and canal classification given by Ahmed and
Dummer. Fisher’s exact test was used to analyze
the data statistically. To check for symmetry,
comparisons were made between all the maxil-
lary first molars (MFM’s) and maxillary second
molars (MSM’s) on opposing quadrants. Inter
Observer variability was seen using Cohen’s
Kappa test.

RESULTS: MFM’s presented with three roots
with Type Il Vertucci canal configuration (VC) com-
monly seen among them. MSM’s had more varia-
tions in the number of roots and canals, although
three roots and Type | VC were predominantly
seen. When comparing the two genders statisti-
cally significant difference was observed in both
maxillary molars at a 5% level using Fisher’s exact
test. Three roots with four canals (3R4C) were
predominantly observed in the MFM’s (85.6%) and
three roots with three canals (3R3C) identified in
51.95% were more common than 3R4C (43.55%)
in MSM’s. Both the maxillary molars bilaterally,
exhibited a high percentage of symmetry in root
and canal configurations.

CONCLUSIONS: Identification of root canal
morphology of molars would reduce the chanc-

es of root canal failures by making sure all ca-
nals are obturated. This study provides supple-
mental information about the root canals of max-
illary molars in a Saudi Arabian subpopulation.

Key Words:
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Introduction

Non-surgical endodontic treatment has an 85-
95% success rate, mainly when all procedures
from diagnosis to three-dimensional sealing of
the root canal space are carefully performed!. In
order to accomplish such high rates of success and
render the natural tooth disease-free, a detailed
understanding of the root canal morphology is es-
sential®>. Moreover, the success rate is known to
decrease significantly, due to the inability to de-
tect and debride the root canals completely®. The
root canal system is complex and intricate in most
teeth and more so in the maxillary molars due
to extra canals®®. The mesio-buccal root (MBR)
has two canals and anastomosis between them in
maxillary molars, although these incidences vary
among individuals of different ethnicities®'2.

Historically, various methods were used to
study the root canal morphology, but with the ad-

6550 Corresponding Author: Mubashir Baig Mirza, MD; e-mail: m.mirza@psau.edu.sa



Root canal morphology of maxillary molars

vent of CBCT imaging, a 3D view of the root canal
space is observable and has been proven to be very
effective for this purpose*'*4. CBCT scans can
enhance the understanding of root canal anatomy,
potentially improving the outcome of endodontic
treatment'®. Although several studies have utilized
CBCT to analyze the morphology and symmetry
of maxillary molars®'%-121516 the present study
holds importance because only a handful of such
studies in Saudi Arabia compared the first and the
second molars using Vertucci classification’. No
other study has utilized the newer classification
given by Ahmed et al'” to classify and compare the
maxillary molars in Saudi population.

The present study aimed to determine and
classify the root and root canal morphology of
maxillary molars in the Saudi population, eval-
uate for bilateral symmetry, and determine any
gender-based correlation.

Subjects and Methods

Study Population and Ethical Approval
Data were collected from College of Dentistry,
Prince Sattam Bin Abdulaziz University (PSAU)
using Carestream CS9300 (Carestream Dent
LLC, Atlanta, GA, USA) CBCT machine with a
voxel size of 180-300 mm and field of view (FOV)
of 10x10 cm. The remaining data was collected
from College of Dentistry, Dar Al Uloom Uni-
versity in Riyadh using Kavo OP3D Pro (KaVo
Imaging, Hatfield, PA, USA) CBCT machine
using similar voxel sizes and a FOV of 8x8 cm.

Ethical approval was obtained from the Institu-
tional Review Board, College of Dentistry, Prince
Sattam Bin Abdulaziz University Alkharj, Sau-
di Arabia, with an ethical clearance number IRB
PSAU2020029. A total of 483 scans were retro-
spectively analyzed out of which 264 were males
and 219 were females. The scans evaluated were
of maxillary first and second molars in Saudi na-
tionals aged between 18-65 years. Only non-dis-
torted CBCT scans of fully formed roots were
accepted, which was around 69.83% of the total
scans performed. Scans of previously endodonti-
cally treated teeth, or teeth with full coverage res-
torations or metallic restorations were excluded to
limit the artifacts. The data for accepted scans of
molars based on the aforementioned criteria is il-
lustrated in (Figure 1).

The scans were documented based on the
number of roots and root canals and classified
according to Vertucci classification (VC) and a
new classification system for classifying root and
root canal morphology. Further, scans that includ-
ed first molars and second molars on either side
respectively were compared for symmetry in all
three planes independently by two experienced
endodontists, and a consensus was reached.

Statistical Analysis

The SPSS version 26 (IBM Corp., Armonk,
NY, USA) software was used for data entry. Fish-
er exact test was used to evaluate differences in
root and canal morphologies. The level of sig-
nificance was set at 0.05 (p<0.05), and in cases
of high significance, it was kept at 0.01 (p<0.01).
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Figure 1. Demographics.
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Table I. Distribution of maxillary molar teeth roots according to Gender.

Tooth 1 root 2 root 3 root 4 root 5 root
16 0 0 349 (100%) 0 0
M F M F M F M M
0 0 0 0 191 158 0 0
(54.73%)  (45.27%)
26 0 0 332 0 0
(100%)
0 0 0 0 176 156 0 0
(53.01%) (46.99%)
17 3 12 317 3 0
(0.90%) (3.60%) (94.60%) (0.90%)
1 2 6 6 179 138 3 0
(0.30%) (0.60%)  (1.80%) (1.80%) (53.40%) (41.20%) (0.90%)
27 2 6 321 2 1
(0.60%) (1.80%) (96.39%) (0.60%) (0.30%)
1 1 3 3 182 139 2 1
(0.30%)  (0.30%)  (0.90%) (0.90%) (54.60%) (41.70%) (0.60%) (0.30%)

Note: M, Male; F, Female; 16, Right maxillary first molar; 26, Left maxillary first molar; 17, Right maxillary second molar;

27, Left maxillary second molar.

Cohen’s Kappa test was used for inter-observer
agreement while examining bilateral symmetry.

Results

Number of Roots

Three rooted maxillary first molars (MFM’s)
in 100% of the samples is shown in (Table I). The
number of roots varied in the maxillary second mo-
lars (MSM?s), ranging from one to four. The major-
ity of the roots were three rooted, around 95.5%
{94.6% on the right side (R) and 96.4% on the left

(D)}, followed by two rooted MSM’s which were
around 2.7% (3.60% R and 1.8% L). Four root-
ed and single-rooted MSM’s were seen in 0.75%
(0.9% R and 0.6% L) of the scans, and five rooted
MSM’s were seen in 0.3% on the left side.

The Number of Roots
and Root Canal Morphology

The teeth were categorized based on a number
of roots and root canals and statistically analyzed
for significance using Fisher’s exact test with sig-
nificance kept at 1% level as seen in Table II.

Table II. Distribution according to the number of roots and root canals in maxillary molars.

Type 1R1C 1R2C 2R2C 2R3C 3R3C 3R4C 4R4C 4R5C 5R5C
(mb2%)

16 0 0 0 0 54 295 0 0 0
0.00% 0.00% 0.00% 0.00%  15.50% 84.50% 0.00% 0.00% 0.00%

26 0 0 0 0 44 288 0 0 0
0.00% 0.00% 0.00% 0.00%  13.30% 86.70% 0.00% 0.00% 0.00%

17 2 1 5 7 177 140 3 0 0
0.60% 0.30% 1.50% 2.10%  52.80% 41.80% 0.90% 0.00% 0.00%

27 2 0 4 2 170 151 2 1 1
0.60% 0.00% 1.20% 0.60%  51.10% 45.30% 0.60% 0.30% 0.30%

Note: 16, Right Maxillary First Molar; 26, Left Maxillary First Molar; 17, Right Maxillary second molar;

27, Left Maxillary second molar; 1R1C, one root with one canal; 1R2C, one root with two canals; 2R2C, Two roots with two
canals; 2R3C, Two roots with three canals; 3R3C, Three roots with three canals; 3R4C, Three roots with four canals; 4R4C,
Four roots with four canals; 4R5C, Four roots with five canals; SR5C, Five roots with five canals; mb2, Second canal in the

mesiobuccal root.
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Table Ill. Distribution of canals according to Vertucci Classification in the mesiobuccal root of maxillary molars.

Vertucci 16 26 17 27 ou
configuration
I 58 (16.60%) 46 (13.90%) 187 (57.20%) 172 (53.10%) 0.000**
II 182 (52.10%) 170 (51.20%) 65 (19.90%) 69 (21.30%)
I 3(0.90%) 3 (0.90%) 0 0
v 106 (30.40%) 113 (34.0%) 75 (22.90%) 83 (25.60%)

Note: 16, Right Maxillary First Molar; 26, Left Maxillary First Molar; 17, Right Maxillary second molar; 27, Left maxillary second
molar; I, Originates and continues as one canal from the orifice to the apex; II, Originates as two canals from the orifice, merges into
one canal before exiting the apex; 111, Originates as one canal at the orifice, divides into two canals along its length and then merges

into one canal before exiting the apex; IV, Originates and continues as two canal from the orifice to the apex.

First Molars

Three roots with three canals (3R3C) were
seen in 14.3% (15.5% R and 13.3% L), and three
roots with four canals (3R4C) were seen in 85.6%
(84.5% R and 86.7% L).

Second Molars

One root with one canal (1R1C) was seen in
0.6% on both right and left sides. One root and two
canals (1R2C) were seen in 0.3% only in the sec-
ond molars on the right. Two roots and two canals
(2R2C) were seen in 1.35% (1.5% R and 1.2% L).
Two roots with three canals (2R3C) were also seen
in 1.35% (2.1% R and 0.6% L). Three roots and
three canals (3R3C) were seen in 51.95% (52.8% R
and 51.1% L). Three roots and four canals (3R4C)
were seen in 43.55% (41.8% R and 45.3% L). Four
roots and four canals (4R4C) were seen in 0.75%

(0.9% R and 0.6% L). Four roots and five canals
(4R5C) and five root five canals (SR5C) were seen
in 0.3% on the right-sided MSM’s only.

Vertucci Classification

Table III shows the VC of the MBR of the max-
illary molars. Maxillary first molars showed Type
I, Type I, Type III and Type IV canal configura-
tion and the maxillary second molars showed Type
I, Type I and Type IV canal configuration (Figure
2). Significant statistical difference was seen when
comparing different molars using Fisher’s exact
test with significance at 1% level.

Table IV shows the gender-based distribution
of canal configurations based on VC in maxillary
first and second molars. The statistically signifi-
cant difference was seen on both the right and the
left sides of the molars estimated using Fisher’s
exact test with significance at 5% level.

Type 1

Type 11

Type 111

Type IV

Figure 2. CBCT view of maxillary molars displaying different types of Vertucci canal configurations in the mesio-buccal root. Type
I: originates and continues as one canal from the orifice to the apex; Type II: originates as two canals from the orifice, merges into
one canal before exiting the apex; Type III: originates as two canals at the orifice, merges into one canal along its length and then
again divides into two canals before exiting the apex; Type IV: originates and continues as two canals from the orifice to the apex.
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Table IV. Gender wise distribution of canals according to Vertucci classification in the mesiobuccal root of maxillary molars.

Type 16 26 17 27
F M P F M P F M P F M P
I 33 25 0.022% 25 21 0.042% 92 95  0.016* 86 86 0.014*
20.90% 13.10% 16.00% 11.90% 65.70% 50.80% 61.90% 46.50%
1 87 95  0.022* 88 82 0.042* 25 40 0016 25 44 0.014*
55.10% 49.70% 56.40% 46.60% 17.90% 21.40% 18.00% 23.80%
111 2 1 0.022% 2 1 0042 0 0 0.016* 0 0 0014
1.30%  0.50% 1.30% 0.60%
v 36 70 0.022* 41 72 0.042% 23 52 0016+ 28 55 0.014*
22.80% 36.60% 26.30% 40.90% 16.40% 27.80% 20.10% 29.70%

Note: 16, Right Maxillary First Molar; 26, Left Maxillary First Molar; 17, Right Maxillary second molar; 27, Left maxillary
second molar; I, Originates and continues as one canal from the orifice to the apex; 11, Originates as two canals from the orifice,
merges into one canal before exiting the apex; I11, Originates as one canals at the orifice, divides into two canals along its length
and then merges into one canal before exiting the apex; IV, Originates and continues as two canal from the orifice to the apex.
2Fishers exact test; *Significant at 5%.

Newer Classification

Table V shows classification for maxillary
molars using the new classification system given
by Ahmed et al'’. This method eases the clinician
to classify a tooth based on the number of roots
and the presence and number of canals in each
root. Figure 3 and Figure 4 portray the maxillary
molars based on this new classification system.

Bilateral Symmetry
Table VI shows percentages of symmetry of

maxillary first molars on either side, and 96.4% of
symmetry was seen in the number of roots in sec-
ond molars. The percentage of agreement among
evaluators was 98.4 giving a Cohen’s kappa value
of 0.96.

Regarding symmetry of root canals, 92.2% of
the maxillary first molars had symmetrical canal
morphologies and second molars had asymmetri-
cal canal configuration of 83.7%. The percentage
of agreement among evaluators was 80.95 giving
a Cohen’s kappa value of 0.61. A consensus was

roots and root canals in bilateral scans. 100%
symmetry was seen in the number of roots in

reached after independent evaluation and discus-
sion with the radiologist.

Table V. Gender wise distribution of canals according to Vertucci classification in the mesiobuccal root of maxillary molars.

16 26 17 27
Classification n Classification n Classification n Classification n
’16MB'DB'P! 58 26MB'DB!P! 46 17! 2 127! 2
316MB*'DB'P! 182 26MB*'DB'P! 170 11712 1 227B'P! 4
316MB'">'DB!P! 3 26MB'"*'DB'P! 3 217B'P! 5 227B*'P! 1
’16MB?DB'P! 106 26MB?DB'P! 113 217B'"2p! 7 227B!2P! 1
’17MB'DB'P! 177 27MB'DB!'P! 170
317MB*'DB'P! 65 27MB?*'DB'P! 68
’17MB?DB'P! 75 27MB?DB'P! 83
417MB'MB'DB'P! 1 27MB'MB'DB'P1 2
‘17MB'DB! MP' DP! 2 “27MB'DB'DB'P! 1
27MB'MB'DB'MP'DP! 1

Note: 16, Right Maxillary First Molar; 26, Left Maxillary First Molar; 17, Right maxillary second molar; 27, Left maxillary
second molar; MB!, one canal in the mesio-buccal root; MB*!, originates as two canals and terminates as one canal in the mesio-
buccal root; MB!"*!, originates as one canal at the orifice, divides into two canals along its length and then merges into one before
exiting the apex in the mesio-buccal root; MB?, originates and continues as two canal from the orifice to the apex in the mesio-
buccal root; B!, one canals in the buccal root; B, originates as one canal then divides into two before exiting in the buccal root;
B?!, originates as two canals merges and terminates as one canal in thebuccal root; DB!, one canal in the disto-buccal root; P!, one
canal in the palatal root; MP!, one canal in the mesio-palatal root; DP', one canal in the disto-palatal root.
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217B'p!

327MB!DB'P! 327MBIDB'P!

Figure 3. CBCT axial view in coronal (A), Middle (B) and apical (C) thirds showing root canal morphology according to Ahmed

et al'’ classification for one, two and three rooted maxillary molars.

Discussion

The success of root canal treatment is dependent
on ensuring that all the intricate details associated
with it are meticulously followed. Failure to locate

all canals could have a negative effect on the treat-
ment as it may lead to initiation or continuation of
periapical pathology'®. Missed canals were the main
reason for patients reporting back for nonsurgical
root canal treatment as reported by Witherspoon et

417MB!'DB!MP!DP!

427MB!MB!DB!P!

427MB2DB!DB!P! 527MB!MB!DB!MP!DP!

Figure 4. CBCT axial view in coronal (A), middle (B) and apical (C) thirds showing root canal morphology according to Ahmed

et al'’ classification for four and five rooted maxillary molars.
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Table VI. Gender wise distribution of canals according to Vertucci classification in the mesiobuccal root of maxillary molars.

Teeth Symmetry regarding Symmetry regarding Gender based symmetry
the number of roots the number of canals regarding the number of canals
n NS ) % n ) % G n NS S %
1 Molars 323 0 323 100 323 298 922 M 175 15 160 914
F 148 10 138 93.2
2" Molars 307 11 296  96.4 307 257 837 M 177 21 156  88.1
F 130 29 101 777

% of Agree: 98.4;
Cohen’s k:0.96

% of Agree: 80.95;
Cohen’s k: 0.61;

% of Agree: 80.95;
Cohen’s k: 0.61;

Note: n, number of scans showing bilateral molars; NS, not symmetrical; S, symmetrical; G, gender; M, males; F, females.

al’®. Moreover, the bacteria residing in such canals
could also result in persistence of symptoms?.

The molars are the commonest teeth undergo-
ing root canal treatment, with the maxillary molars
occupying the third and fourth positions?!. Many
variations in canal anatomy are encountered with
the maxillary molars, especially in the MBR?*?. The
routine use of CBCT in detecting the canal anato-
my cannot be justified due to higher levels of radi-
ation and the clinical success achieved by the den-
tal operating microscopes due to their enhanced
magnification and illumination”. CBCT, though,
has a role in detecting aberrant canal anatomies,
C-shaped root canals, unusual root formations, and
cases where endodontic treatment has been per-
formed to a good standard and has still failed*.

All the MFM’s evaluated in our study had
three roots irrespective of gender. Similar find-
ings were found in studies conducted among Chi-
nese, Polish, Iranian, Thai, Burmese and Kuwaiti
populations*'22-2, OQur findings were also com-
parable with recent studies among Saudi and Thai
population which showed 99.7% and 99.8% of first
molars with three roots, respectively®®?!. Slight-
ly lower percentages were reported in Brazilian,
Korean, Chinese, Taiwanese, and Emirati popula-
tions>!%1L1531 Some of the variations seen in other
studies, like a single root, two roots and four roots
in MFM’s, were not found in this study'®*"32.

The number of roots in MSM’s was more vari-
able in our study, although three rooted second
molars were the most common finding in up to
95.5% of the teeth. These observations were
comparable to results from India, Poland and
Taiwan™?!3, Similar results were also seen in a
previously published study in a mixed population
residing in Saudi Arabia comprising of Saudis
and non-Saudis®. Other variations among roots of
MSM’s in our study included teeth with a single
root, two roots, four roots and five roots. One and
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two rooted variations were also reported in many
other studies*'*!"!1. Four rooted MSM’s were re-
ported in studies from Korea, China, Thailand,
and Saudi Arabia'®''®* The incidence of five
rooted MSM’s was a rarity, previously only re-
ported in Taiwanese population'.

Regarding the root and root canal configurations
in MFM’s, three roots with four root canals (3R4C)
were the most common finding in this study. It was
found in 85.6% of the scans. The remaining first
molars had three roots and three canals (3R3C)
configuration in 14.4% of the scans, similar to
the results seen in other previous studies'®!?. Con-
trasting results were reported in a previous study
among the Saudi population by Nazhan et al** who
reported the presence of 3R4C in only 23.3% of the
first molars. However, using a similar radiograph-
ic evaluation method in Saudi population, Fawzan
et al’ reported the incidence of 3R4C in 51.3% of
the first molars. When CBCT was used as an im-
aging modality to evaluate first molars in Saudi’s,
Al-Shehri et al*® found the incidence of 3R4C in
nearly 55.6% of the scans. Variations among same
populations were also reported in Chinese and
Thai regions which emphasizes the importance of
conducting multicenter and multiregional studies
within the same community for a more accurate
representation of the communities’ internal canal
anatomy4’6’ll’l6’27.

All of the extra canals in the present study
among MFM’s were present in the MBR. The
first molars disto-buccal root (DBR) and the
palatal root (PR) had single canals in all of the
scans. Regarding canal configuration, Type I VC
was seen in 100% of PR’s and DBR’s. Similar re-
sults were seen in most of the studies conducted,
which tend to show a Type I VC percentage rang-
ing from 98-100%*1%273%, However, Al-Mheiri et
al’' in a study on the Emirati population, report-
ed Type II VC of 1.2% and 2% in palatal and dis-
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to-buccal canals, respectively. Type Il VC was
also observed in the palatal root of maxillary
first molars among Indian patients, as reported
by Poorni et al*’.

Canals in the MBR of the MFM’s, as in most
other studies had greater variations in configura-
tion'2. Type II VC in the MBR was most common-
ly found in this study, followed by Type IV, Type
I and Type III. An identical morphology sequence
was seen in Spanish population, except for Type
ITT VC*¢, The Emirati study showed Type II, Type
I, Type IV and Type 111 VC sequences®'. Howev-
er, Korean, Indian, Qatari and Brazilian studies
reported Type IV VC more frequently than Type
117193738 Tn the Saudi population, a previous study
reported the presence of Type Il and Type IV VC
in maxillary molars’, and a more recent study by
Al-shehri et al*® reported the presence of all the
types of VC in MFM’s except Type VIII. The se-
quence in his study according to the percentag-
es were Type I (35.1%), Type IV (33.3%), Type
II (24.4%), Type 111 (3.6%), Type V (1.8%), Type
VI (1.2%), Type VII (0.3%) and a newer variation
(0.3%). In the present study, Type II VC was seen
in 51.65%, similar percentages of Type II canal
configuration were reported in Spanish and Emi-
rati population®'*¢. Type IV VC in MFM’s in this
study was seen in 32.2%, which was similar to
findings before in Saudi’s (33.3%), higher than
those reported in Emirati’s (15.3%)*, and Span-
ish (23.2%)%* but lower than those seen in Indian
(38.6%)” and Korean (40.6%)" populations. The
presence of Type I VC in the present study was
seen in 15.25%, which was similar to the Spanish
(13.8%)%, and Emirati population (19.9%)*, but
lower than the Korean (36.4%)!° and Saudi popu-
lation (35.1%)*. The presence of Type I VC was
the lowest in this study, around 0.9%. This find-
ing was lower than that seen in Emiratis (6%)",
and the previous study on Saudi’s (3.6%)*.

The MSM’s in this study was found to have
more variations in canal morphologies following
previous studies*'*!?. 3R3C was seen in nearly
half [51.95% (52.8% R and 51.1% L)] of the ob-
served scans similar to studies in Taiwan and
Brazil'*. Much higher percentages of 3R3C con-
figuration in MSM’s was reported from studies in
China (78%) and Poland (70%)%!2. Al Fawzan et
al’ also reported higher percentages (80.2%) of
3R3C configuration in second molars. Such dif-
ferences could be because of different evaluation
methods used in their study. 3R4C morphologies
in the present study were seen in 43.55% of the
MSM’s, which is nearly similar to the results

in studies conducted in Brazil, Korea, and Tai-
wanM%% Lower percentages of 3R4C were seen
in Chinese 22%, Saudi Arabian 19.8% and Polish
23.2% populations®®12,

Four maxillary second molars (0.6%) two on
either side were identified as having 1R1C configu-
ration similar to results previously reported in Tai-
wan (0.56%)"°, Thai (1.5%)'°, and Polish (1%)'? pop-
ulations. Slightly higher numbers were observed in
Korean (3.8%)"° and Chinese population (5.7%)*.
Furthermore, one tooth (0.3%) in the present study
was identified to have a 1R2C configuration simi-
lar to what was observed before in Indian (0.9%)’,
Korean (1%)!, Taiwanese (0.89%)°, Thai (1.5%)',
and Chinese (4.2%)*populations.

In the present study, nine MSM’s (1.35%) were
observed to have a 2R2C configuration which was
previously observed in root canal morphological
studies on second molars in Indian (1.9%)’, Tai-
wanese (4.58%)", Thai (5.2%)'®, Chinese (8%)*,
and Korean (7%)' populations. Additionally, the
2R3C root and canal configuration was observed in
nine teeth, ensuing 1.35% of all the MSM’s. Com-
parable findings were observed in Korean (2.8%)",
Taiwanese (0.67%)"°, and Thai (3.5%)'"¢ populations.

Five MSM’s (0.75%) in this study were identified
to have a 4R4C configuration with a single canal in
all four roots. The variation in this configuration
was seen as an extra palatal root and canal in two
teeth and an extra buccal root and canal in one tooth
on the right, and an extra buccal root in two teeth on
the left. Another variation in the four rooted MSM’s
in this study was identifying one tooth (0.3%) with
4R5C configuration having an additional root and
canal in the DBR, two canals in the MBR and an
additional palatal root and canal. Previously the
presence of 4R4C in MSM’s with the extra root
and canal being the palatal was observed in Kore-
an (1.82%)", Chinese (1.2%)", Indian (1.1%)*, and
Taiwanese (0.78%)" populations. In Saudi Arabia,
a clinical retreatment case of 4R4C in MSM’s with
extra palatal root and canal was reported by Alanezi
and Ahmed and Ahmad* in 2015.

A different variant of MSM’s with SR5C con-
figuration (0.3%) was also observed in this study,
similar to the observation in the Taiwanese popu-
lation with the extra roots being the second palatal
and an extra root on the buccal side®. The presence
of so many root and canal configurations variants
indicate that the maxillary second molars present a
more complex root canal system than first molars.

All the PR’s and DBR’s of the MSM’s in the
present study were observed to have a Type I VC.
Three MSM’s with extra palatal roots and one
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tooth with extra DBR seen in this study also had
Type I VC. Similarly, the DBR’s also had Type |
VC in 99.7% of the population. Only one tooth
with a 4R5C configuration presented a Type IV
VC in the DBR. DBR and PR’s with Type II, Type
IV and Type V VC configurations were observed
in Thai populations'. Two DBR’s were observed
in the Korean population'®. Two palatal roots in
MSM’s were previously observed in Korean, Indi-
an and Saudi population'®**#°. In the MBR of the
MSM’s, the following variations were observed:
55.15% of the canals had a Type I VC, 24.35% of
the canals had a Type IV VC and 20.6% of the ca-
nals had a Type II VC. A previous Saudi Arabian
study also reported the presence of similar VC in
their study’. In Korean population, all the types
of VC except Type VII and VIII were reported in
MSM’s". However, in the Chinese population, the
presence of all the types of VC was observed!!.

The presence of a second canal (MB,) in the
MBR’s of the maxillary molars have been long
recognized, and numerous studies indicate its
occurrence ranges from 48-97% in the MFM’s
as reported by Martins et al*, in a worldwide
observation and also reported in numerous oth-
er studies"**!12131¢/ In the MSM’s its incidence
has been known to range from 22-48%*%'2. In
the present study, the MB, canal was observed
around 85.6% in the MFM’s and 43.6% in the
MSM’s. The results were much higher than those
obtained in other studies in the Saudi population,
where a range of 23.7- 70.6% had been reported
in the past in MFM’s and 19.82% had been re-
ported in MSM’s?3%344!Such differences could
be because of different evaluation methods used
in these studies. Alamri et al® in their study also
noted the percentage of MB, in Saudi population
was comparatively higher than other popula-
tions. Moreover, a more recent study by Fawzan
et al*?, using micro-CT to evaluate the presence
of extra canals in the MBR’s of maxillary molars
indicated that MB, was present in 97% of the
MFM’s had 93% in MSM’s. The authors high-
lighted that although Micro-CT is considered
a gold standard for lab-based visualization and
internal anatomy evaluation, CBCT is still more
feasible when different parameters like age and
gender are evaluated.

Bilateral symmetry regarding the roots of
MFM'’s was 100%, and in MSM’s was 96.4%. The
inter-rater reliability was 98.4, giving an almost
perfect Cohen’s K value of 0.96 according to the
guidelines of interpretation of Cohen’s kappa re-
sults as given by Landis and Koch®.
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Regarding symmetry of root canals, the MFM’s
were detected with symmetrical canal configura-
tions bilaterally in 92.2% of the scans, whereas the
MSM’s showed bilateral symmetrical configura-
tion of root canals in 83.7%. The inter-observer re-
liability was 80.95 with a Cohen’s K value of 0.61,
which shows a substantial agreement following the
same guidelines. Previous studies worldwide have
shown bilateral symmetry in MFM’s to range from
71.1-87.36% and in MSM’s from 70.8-82.3%'"15%.
Two studies focused on the bilateral occurrence of
MB, canals and showed the high tendency of its
occurrence bilaterally'*'s.

Conclusions

Within the limits of this study, it was conclud-
ed that the first and second maxillary molar teeth
in the Saudi population usually had three sepa-
rate roots. Type II was the most common canal
configuration in bilateral first molars and Type I
in second molars. Additionally, a higher amount
of symmetry was seen in the root and canals bi-
laterally in both the molars. Additional roots and
several variations in canal configurations are seen
more frequently in the second molars, requiring
the clinicians to be more prudent when perform-
ing root canal treatment to reach the desired suc-
cess. CBCT as a means of diagnosis can be help-
ful if the performed treatment is not successful
and in cases of suspicion of missed anatomy.
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