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Background: An understanding of root canal morphology is vital for successful endodontic treatment. However, variations in
the root canal system of permanent canines, especially in relation to population-based diversity, are not well-
documented. This study thus aimed to analyze the root canal numbers, configurations, and bilateral symmetry
in 1080 permanent canine teeth among 270 Saudi individuals using cone-beam computed tomography (CBCT),
contributing to the existing body of knowledge and aiding clinicians in devising effective treatment strategies.

Material/Methods: The CBCT images of 270 participants, encompassing 1080 canines (540 pairs of upper and lower canines), were
scrutinized for root and canal counts. Canal configurations were assessed based on Ahmed’s and Vertucci’s
classifications. Bilateral symmetry in these parameters was recorded and the data were statistically analyzed.

Results: The study revealed variable prevalence of multiple roots and canals in maxillary and mandibular canines.
Ahmed’s and Vertucci’s type | canal configuration was predominantly observed. Notably, significant bilateral
symmetry was noted in root and canal numbers, and canal configurations.

Conclusions: The most common configuration of permanent canines was a single root and canal, usually adhering to Ahmed’s
and Vertucci’s type | classification. Mandibular canines showed a higher incidence of two canals than two roots.
The extent of bilateral symmetry, especially in mandibular canines, could provide valuable insights for better
contralateral tooth treatment planning.
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Background

The principal intent of endodontic treatment is to preserve per-
manent teeth [1,2]. The key to successful root canal treatment
(RCT) is comprehension and mastery of the internal anatomy
of the pulp [3]. Endodontists encounter a wide range of root
canal systems (RCS) in day-to-day practice [1]. The clinician
should be familiar with the conventional forms of dental anat-
omy and the most usual anatomic deviations encountered in
routine practice [4]. Lack of expertise in the morphology and
anatomy of root canals (RC), as well as variations in the ca-
nal numbers (CNs), are among the main reasons for failure in
RCT [5]. The complexities of the RC encompass restorative hin-
drances and barriers that can jeopardize the basic goal of RCT.
Sectioning the root, staining the canal, clearing teeth, using
microscopes in endodontics, clinical and conventional 2D ra-
diographic examination, and computed tomography scans are
diverse in vitro and in vivo approaches used to assess the inter-
nal and external anatomy of non-identical groups of teeth [1].
Compared to conventional radiography, cone-beam computed
tomography (CBCT) is a more precise technique in assessing RC
morphology and has the accuracy of other methods like stain-
ing the RC and clearing the tooth in recognizing the RCS [3].

A canine is a single-root tooth in the maxillary and mandibular
arch. Many systems classified the root and canal morphology. An
early system was that of Weine et al for classification of root ca-
nal morphology, followed by Vertucci et al, then Sert and Bayirli,
who added supplementary types to Vertucci’s classification sys-
tem, and lastly, Ahmed et al’s classification was proposed [6-8].
Each classification system has its own distinct advantages and
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shortcomings. Examples of root morphology and canal configu-
ration of canine are presented in Figure 1: (A) lower canine with
2 roots and 1 canal in each root, which according to Ahmad’s
classification is [(2) 43B (1)L(1)] and according to Virtucci’s clas-
sification is type | in both B and L roots; (B) lower canine with
single root and 2 canals, which according to Ahmad'’s classifi-
cation is [(1)43(1-2)] and according to Virtucci’s classification is
type V; (C) lower lateral with single root and single canal sep-
arated in the middle to 2 canals, which according to Ahmad’s
classification is [(1)32 (1-2-1)] and according to Virtucci’s clas-
sification is type Ill; (D) is a lower canine with single root and
single canal separated in the middle and in the end to 2 canals,
which according to Ahmad’s classification is [(1)31(1-2-1-2)] and
according to Virtucci’s classification is type VI.

The differences in the RC forms have been analyzed by re-
search experts. For each tooth in the permanent dentition, a
range of variations is reported in the literature [2]. Many re-
ports have stated that RCs differs according to race, ethnicity,
sex, and geographic location [9]. Accordingly, modifications in
the RCs should be recognized in the pre-treatment assessment
for RCT. Practitioners who regularly treat patients of various
nationalities should be acquainted with racial diversity and its
influence on modifying the RC morphology [10].

Only 2 studies have been conducted among Saudis in different
cities to study the root morphology and canal configurations
of maxillary and mandibular anterior teeth, including canines
in both arches [1,9,11]. In addition, a recent review that ana-
lyzed the morphology of the anterior teeth among Saudi was
published by Assiri et al in 2022 [12].

Figure 1. Some shapes of root morphology and canal configuration of canine. A-D according to Ahmad’s classification are [(2) 43B (1)
L(1)], [(1)43(1-2)], [(2)32(1-2-1)], and [(1)31(1-2-1-2)], respectively. A-D according to Virtucci’s classification are type I, V, Ill,

VI, respectively.
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Usually, most permanent canines have 1 root with a single
canal. Despite that, several investigators have evaluated and
encountered various morphological alterations in RCS of the
permanent canines in different races and sexes [2]. There
are variations in the internal anatomy of a tooth in different
communities; thus, identifying the RC form of individual eth-
nic groups is required for successful endodontic therapy [13].
Therefore, this study aimed to investigate root canal num-
bers and configurations in 1080 permanent canine teeth in
270 Saudi subjects using cone-beam computed tomography.

Material and Methods

Sample Selection

The ethics committee of the KKU approved the research pro-
tocol (IRB/REG/KKU, ETH 2022-23/042) and informed consent
was obtained from all enrolled patients to conduct this study. A
total of 270 subjects — 89 (32.9%) males and 181 (67.03%) fe-
males — were studied, and 1080 permanent canines (540 max-
illary and 540 mandibular canines) were assessed using the
protocol of Mashyakhy et al and Alshayban et al [1,9,11]. From
the database of King Khalid University (KKU) Dental College
and several private clinics in Abha City, KSA, archived CBCT
scans were retrieved. Permanent canines with completely de-
veloped roots with apical closure were included in the study.
Canines with no history of previous restorations or RCT were
included. We excluded teeth with calcified canals or resorbed
roots, missing canine or implant or periapical lesions, and any
physiological or pathological process such as immature apex,
as well as unclear tooth morphology on imaging.

CBCT Examination

The CBCT images used were analyzed and evaluated in sag-
ittal, axial, and coronal serial sections using Morita’s i-Dixel
3D imagine software. A careful examination was performed
by optimal visualization using all the software features, such
as zooming, change in contrast, and brightness, including the
sectioning, which was oriented to be parallel to the long axis
of the RC with a 1 mm slice thickness. Furthermore, the scans
were evaluated by scrolling up and down for axial sections
and from right to left for parasagittal sections. The following
characteristics were analyzed, and the data were obtained: (a)
Root and canal numbers; RCS configurations were classified
according to the criteria of Ahmed et al [8] and Vertucci et al
[6]; (b) BS of root numbers (RNs), CNs and CCs; (c). Sex differ-
ence. Figure 2 shows CBCT of canine with a single root and
single canal separated in the middle to 2 canals. According
to Ahmad'’s classification it is [(1)32(1-2-1)] and according to
Virtucci’s classification it is type III.

CLINICAL RESEARCH

Statistical Analysis

The investigators fed the data into the SPSS program for
Windows (SPSS Version. 22) The coded data were subjected
to the following statistical tests: Z test, chi-square test, and
Cohen’s kappa test. The results are presented as frequencies
and percentages. For all statistical tests, the level of signifi-
cance was set at P<0.001. The RNs, CNs, and CCs of perma-
nent canines were assessed. For these variables, a sex differ-
ence was evaluated by applying the chi-square test. We used
the Z test to assess the difference in the independent propor-
tions, and the extent of BS was assessed by Cohen’s kappa test.

Results

Distribution of Roots and Canals in Maxillary and
Mandibular Canines

In this retrospective cross-sectional study, the vast majority
of canines (98.7%), had single roots and only 1.2% had dou-
ble roots. There were 298 (27.5%) canines with 2 canals and
most teeth had 1 canal (779 canines, 72%). CC type | was most-
ly observed in 778 canines (72%), with a statistically signifi-
cant difference from the other configuration types (P<0.05).

Of the 540 maxillary canines, 537 (99.4%) had 1 root, and 3
(0.55%) teeth had 2 roots. There were 406 (75%) teeth with 1
canal, 133 (24.6%) teeth had 2 canals, and 1 (0.2%) tooth had
3 canals. Ahmed’s CC type | was present in 372 (68.8%) teeth,
while 65 (12%) had IX and 45 (8%) had type XlII. Vertucci’s type
| was present in 405 (75%), 65 (12%) had type IV, 44 (8%) had
type V, 25 (4.6%) had type II, and 1 (0.4%) had type Ill. Among
540 mandibular canines, 530 (98%) had 1 root and 10 (1.85%)
teeth had 2 roots. There were 373 (69%) teeth with 1 canal,
165 (31%) with 2 canals, and 2 (0.3%) with 3 canals. Ahmed’s
type | was present in 321 (59.4%) teeth, while 76 (14%) had
type IX, and 47 (8.7%) had type XIII. Vertucci’s type | was pres-
entin 373 (69%), 74 (13.7%) had type IV, 47 (8.7%) had type V,
39 (7.2%) had type Il, 3 (0.5%) had type VI, 2 (0.3%) had type
VI, and 1 (0.2%) had type Ill and VII (Table 1).

Frequency and Percentage Distribution of Bilateral
Symmetry

Maxillary and mandibular canines demonstrated 61.9% and
57.4% symmetry according to Ahmed’s CC (P<0.001) and 69.9%
and 68.5% according to Vertucci’'s CC (P<0.001) (Table 2).
CCs and tooth position were significantly related (P<0.001).
The mandibular canines showed greater variations in canal
system configurations (asymmetries) than did maxillary ca-
nines. Vertucci’s type | CC was more common in maxillary ca-
nines (75%) compared to mandibular canines (69%). However,
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Figure 2. (A, B) CBCT of canine with a single root and single canal separated in the middle to 2 canals. According to Ahmad’s
classification it is [(1)32(1-2-1)] and according to Virtucci’s classification it is type Ill.

Vertucci’s types Il, IV, and V were more common in mandibu-
lar canines compared to maxillary canines, and types VI, VII,
VIII are found only in mandibular canines.

Association Between Canal Configuration and Bilateral
Symmetry with Sex

Sex was not significantly related with RNs or CNs of perma-
nent canines (P>0.05). The chi-square test showed a signifi-
cant relationship between the CCs and sex in maxillary canines
(#13) (P<0.05). Vertucci’s type | followed by IV was common
in females, whereas type | followed by V was more frequent
in males (P=0.017) (Table 3).

Table 4 shows that all 270 subjects (100%) had both right and
left maxillary canines. The BS for RNs was 98.9 (P<0.001); and
most subjects (n=267; 98.9%) had 1 root on both sides. BS

for CNs on both sides was 75.12%(p<0.001); 62.9% (n=170)
of subjects had 1 canal on both sides, and only 12.22% (n=33)
had 2 canals on both sides. Regarding CCs, the total BS 69.62%
(P<0.001); 62.96% (n=170) of the subjects had Vertucci’s type
I on both sides followed by 4.44% (n=12) type IV, 1.85% (n=5)
type V and 0.37%(n=1) type Il. The most frequent BS was 1 root
(98.9%), 1 canal (62.9%), and Vertucci type | CC (62.96%). The
total BS was 62.95% (P<0.001); 54.81% (n=148) of the sub-
jects had Ahmed’s type | on both sides (Table 5).

In mandibular canines, all 270 subjects (100%) had both right
and left mandibular canines. The BS for RNs was 97.78%
(P<0.001); most subjects (n=262; 97.01%) had 1 root on both
sides, and 2 subjects (n=2; 0.7%) had 2 roots on both sides
(Table 4). BS for CNs was 74.8% (P<0.001); 56.67% (n=153)
of subjects had 1 canal on each side. Only 18.15% (n=49) had
2 canals in canines on each side. Regarding CCs, the total
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Table 1. Frequency and percentage distribution of roots and canals in maxillary and mandibular canines.

Maxillary canines Maxillary canines Mandibular canines Mandibular canines
No. of roots 13 23 33 43
"""" lrot  268(993%) 269 (996%) 262 (97.0%) 268 (993%)
"""" 205 2.07%  1.04% 8 GOW 2 0%
No.ofcamals - -
"""" tamal  207(67% 199 (737%) 186 (689%) 187 (693%)
"""" 2aamals  63(33%  70(59%)  82(304%  83(307%
"""" 3amals - 1049 20 -

1 190 (70.4%) 182 (67.4%) 160 (59.3%) 161 (59.6%)
"""" 2 80w 8 G0W 17 63% 19 (.0%
"""" s 8(0W 963 9 63% 6 Q%
"""" ey
"""" s 12 @aw 13 @sw 17 63% 23 B5%
"""" 6 = o 14n 1048
"""" T o e
"""" o 27(00%  38(41%  40(148%)  36(133%)
"""" 1325 @3% 20 @4% 25 ©3%) 2 @1%
"""" w o - - i -

i 206 (76.3%) 199 (73.7%) 186 (68.9%) 187 (69.3%)
"""" 2 12 @4w 13 48w 16 G9% 23 @5%
"""" O I VT
"""" & 27000%  38(41%  38(41%  36(133%
"""" s 2503 19 (0% 26 0% 21 (8%
"""" 6 = - 20104
"""" O
"""" s - - 20 -

Table 2. Frequency and percentage distribution of bilateral symmetry (Z test for proportion).

Mandibular canines P value Maxillary canines P value
Ahmad Bilateral Symmetry
Symmetry 155 (57.4%) 167 (61.9%)
———————————————————————————————————————————————————————————————————————————————————————————————————— <0001 SN  <0.001*
Asymmetry 115 (42.6%) 103 (38.1%)
Vertucci Bilateral Symmetry
Symmetry 185 (68.5%) 188 (69.9%)
———————————————————————————————————————————————————————————————————————————————————————————————————— <0001 SR  <0.001*
Asymmetry 85 (31.5%) 81 (30.0%)

** P<0.01, significant.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e940472-5 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Shaiban AS. et al:

CLI N ICAL RESEARCH Root canal configurations in permanent canines using CBCT

© Med Sci Monit, 2023; 29: €940904

Table 3. Chi-square test for association between Ahmad Canal Configuration and gender in maxillary canine.

Female Male Total Chi-square |
value value
Frequency 136 54 190
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 75.1% 60.7% 70.4%
Frequency 4 4 8
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 2.2% 4.5% 3.0%
Frequency 3 5 8
3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 1.7% 5.6% 3.0%
Frequency 10 2 12
é\h";f"d cat'.'a' R B 00 S 15.697 0.008**
CHLHEML Percentage 5.5% 2.2% 4.4%
Frequency 18 9 27
9 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 9.9% 10.1% 10.0%
Frequency 10 15 25
13 R -
Percentage 5.5% 16.9% 9.3%
Frequency 181 89 270
Total
Percentage 100.00% 100.00% 100.00%
Frequency 143 63 206
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 79.0% 70.8% 76.3%
Frequency 10 2 12
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 5.5% 2.2% 4.4%
: Frequency 18 9 27
‘c'ertf'f“' C:na:# T 10.242 0.017*
onESUIauOn Percentage 9.9% 10.1% 10.0%
Frequency 10 15 25
5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 5.5% 16.9% 9.3%
Frequency 181 89 270
Total
Percentage 100.00% 100.00% 100.00%

* P<0.05, significant.

BS 67.77% (P<0.001); 56.67% (n=153) of the subjects had (n=166) and 56.67% (n=153) (P<0.001) for maxillary and man-
Vertucci’s type | on both sides followed by 6.29% (n=17) type  dibular canines, respectively (Table 8). Table 9 shows the bi-
IV, 2.59% (n=7) type Il, 1.85% (n=5) type V, and 0.37% (n=1) lateral symmetry among participants for mandibular canines,
type VI. The most frequent BS was 1 root (97.04%), 1 canal while Table 10 shows the bilateral classification of Ahmad and
(56.67%), and Vertucci type | CC (56.67%). The total BS was Vertucci in maxillary and mandibular canines.
56.65% (p<0.001); 43.7%(n=118) of the subjects had Ahmed’s
type | on both sides (Table 6).

Discussion

The chi-square test showed that a significant association be-

tween sex and Ahmed’s BS, Vertucci’s BS in the maxillary and The RCs of permanent canines in a subpopulation of the KSA
mandibular canine (P<0.001) (Table 7). The bilateral classifica- was evaluated in this study using CBCT. Observations and
tion of Ahmed’s and Vertucci’s showed significant BS of 61.48% results of this investigation validate the alterations in the
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Table 4. Chi-square test for association between bilateral symmetry and gender in maxillary canine.

Female Male Total Al d
value value
Frequency 123 44 167
Symmetry
Percentage 68.0% 49.4% 61.9%
Ahmad Frequency 58 45 103
Bilateral ASymmetry oo 8.671 0.005**
symmetry Percentage 32.0% 50.6% 38.1%
Frequency 181 89 270
Total =~
Percentage 100% 100% 100.00%
Frequency 134 54 188
O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Percentage 74.0% 60.7% 69.6%
Vertucci Frequency 47 35 82
Bilateral 1 R T AR T 4.516 0.047*
symmetry Percentage 26.0% 39.3% 30.4%
Frequency 181 89 270
Total =~
Percentage 100% 100% 100%
* P<0.05, significant; ** P<0.01, significant.
Table 5. Chi-square test for association between bilateral symmetry and gender in mandibular canines.
Female Male Total e are d
value value
Frequency 114 41 155
Symmetry
Percentage 63.7% 45.1% 57.4%
. Frequency 65 50 115
Ahmad tB"ate'al L R e 8.566 0.003**
SYIInCEY] Percentage 36.3% 54.9% 42.6%
Frequency 179 91 270
Total =~
Percentage 100.00% 100.00% 100.00%
Frequency 134 51 185
Symmetry
Percentage 74.9% 56.0% 68.5%
Vertucci Frequency 45 40 85
Bilateral Asymmetry 9.902 0.002**
symmetry Percentage 25.1% 44.0% 31.5%
Frequency 179 91 270
Total =~
Percentage 100% 100% 100%

morphology of the RCS in this subpopulation, as described Currently, the usage of in vivo CBCT imaging is essential to ac-
by several investigators [1, 6, 9-11] [1,9,14-16]. It was found quire actual features of the RC during RCT. CBCT is a 3D tech-
that 88.46-100% of mandibular canines had a single root, nology that is economical and with a modest radiation dose [1]
while 0-11.54% had a double root. A single canal was present compared with conventional CT [5]. The level of precision of-
in 84.9-100% of mandibular canines and a double canal was fered by CBCT or microcomputed tomography (mCT) is unpar-

present in 0-15.1% [9, 11][14,16]. alleled in conventional radiography or clinical examination.
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Table 6. Bilateral symmetry of the roots and canals among participants for maxillary canines.

Right roots P value
1 root 2 roots
1 root 267 (98.9%) 1 (0.4%) 0.931%
Left roots — ccoooeeeerremooooooooe oo R R <"~ """""""7Tseerrroooooooosee
2 roots 2 (0.7%) 0 (0.0%)
Right canals P value
1 canal 2 canals 3 canals
1 canal 170 (62.96%) 37 (13.7%) 0 (0.0%) 0.000**
Left canals --oooommooooe oo R IR -~~~ ==~ ==~~~ ===~~~ -~ R
2 canals 29 (10.74%) 33 (12.22%) 1 (0.37%)

** P<0.01, significant.

Table 7. Bilateral symmetry of the Ahmad and Vertucci among participants for maxillary canines.

1 2 3 5 9 13
"""""""""""""""""" 1 148(5481%) 8 (296%) 2 (074%) 6 (222%) 16 (5.93%) 10 (370%)
2 7 @59%) 0 (0% 0 (00%) 1 (037% 0 (00%) 0 (0.0%)
"""""" 3 2 074%) 0 (00% 3 (L11%) 0 (00%) 1 (037%) 2 (074%)  0.000*
Left Almad
5 4 (1.48%) 0 (0.0%) 3 (1.11%) 2 (0.74%) 1 (0.37%) 2 (0.74%)
"""""" 9 11 407% 0 (00%) 0 (00%) 3 (L11%) 12 (4.44%) 1 (037%)
""""" 13 10 G70% 0 (0% 1 (037%) 1 (037%) 8 (296%) 5 (1.85%)
1 2 3 4 5
1 170 (62.96%) 7 (2.59%) 0 (0.0%) 17 (6.29%) 12 (4.44%)
2 7 (2.59%) 1 (0.37%) 1 (0.37%) 1 (0.37%) 2 (0.74%) 0.000**

5 11 (4.07%) 1 (0.37%) 0 (0.0%) 8 (2.96%) 5 (1.85%)

** P<0.01, significant.

Table 8. Bilateral symmetry of roots and canals among participants for mandibular canines.

Right roots P value
1 root 2 roots
1 root 262 (97.04%) 0 (0.0%) 0.000**
Left roots oo oo R, <~ ~""" " """"Ceeesooossessosooos
2 roots 6 (2.22%) 2 (0.74%)
Right canals P value
1 canal 2 canals
1 canal 153 (56.67%) 33 (12.22%)
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.000**
Left canals 2 canals 33 (12.22%) 49 (18.15%)
3 canals 1 (0.37%) 1 (0.37%)

** P<0.01, significant.
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Table 9. Bilateral symmetry among participants for mandibular canines.

Right side Ahmad type P value

1 2 3 4 5 6 7 9 13
. 118 9 5 0 8 1 1 11 7
(43.7%) (3.33%) (1.85%) (0.0%) (2.96%) (0.37%) (0.37%) (4.07%)  (2.59%)
5 10 5 0 0 0 0 0 1 1
(3.70%)  (1.85%)  (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)  (0.37%)  (0.37%)
3 6 0 0 0 0 0 0 2 1
(2.22%)  (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)  (0.74%)  (0.37%)
Left s 5 1 0 0 8 0 0 0 3
side (1.85%) (0.37%)  (0.0%) (0.0%) (2.96%)  (0.0%) (0.0%) (0.0%)  (1.11%) 0.000**
Ahmad 1 0 0 0 0 0 0 0 0
type (037%)  (0.0%) (0.0%) (0.0%) (0.0%)  (0.0%)  (0.0%) (0.0%) (0.0%)
9 11 3 1 0 3 0 0 17 5
(4.07%) (1.11%) (0.37%)  (0.0%) (1.11%)  (0.0%) (0.0%)  (6.29%)  (1.85%)
13 10 1 0 1 4 0 0 4 5
(3.70%)  (0.37%)  (0.0%)  (0.37%) (1.48%)  (0.0%) (0.0%)  (1.48%)  (1.85%)
14 0 0 0 0 0 0 0 1 0

(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.37%) (0.0%)

Right side Vertucci type P value

1 2 3 4 5 6 7
. 153 10 0 14 9 0 0
(56.67%)  (3.70%) (0.0%) (5.19%) (3.33%) (0.0%) (0.0%)
5 6 7 0 0 3 0 0
(2.22%) (2.59%) (0.0%) (0.0%) (1.11%) (0.0%) (0.0%)
) . 14 1 1 17 4 0 1
Left side (5.19%) (0.37%) (0.37%) (6.29%) (1.48%) (0.0%) (0.37%) 0.000**
=] 1 el o B ERRRRR e
e s 12 4 0 5 5 0 0
4.44%) (1.48%) (0.0%) (1.85%) (1.85%) (0.0%) (0.0%)
(
. 1 0 0 0 0 1 0
(0.37%) (0.0%) (0.0%) (0.0%) (0.0%) (0.37%) (0.0%)
o 1 1 0 0 0 0 0
(0.37%) (0.37%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)

** P<0.01, significant.

Table 10. Bilateral classification of Ahmad and Vertucci in maxillary and mandibular canines.

Vertucci Bilateral Symmetry P value
Symmetry Asymmetry
Symmetry 166 (61.48%) 1 (0.37%) 0.000**
Ahmad Bilateral Symmetry oo
Asymmetry 22 (8.15%) 80 (29.63%)
Vertucci Bilateral Symmetry LA
Symmetry Asymmetry
Symmetry 153 (56.67%) 2 (0.74%) 0.000**
Ahmad Bilateral Symmetry oo
Asymmetry 32 (11.85%) 83 (30.74%)

** P<0.01, significant.
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CBCT is a generally accessible, non-invasive, in vivo modality
for analyzing the RCS, as it overcomes the constraints of in-
traoral radiograph [1]. Its non-destructive feature is an added
advantage, along with its 3D reconstruction and formation of
mental images that encompass the internal and external form
of the periodontium [12,17].

The rate of double-rooted mandibular canines reported in
various populations are as follows: South Asian Indian popu-
lation (0%) [18]; Chinese (0.7%) [19]; Chongging population
(0.8%) [20]; Malaysian population (1.2%) [21]; Iranian popu-
lation (1.3%) [22]; and Brazilian (1.7%) [23]. A high incidence
of double-rooted mandibular canines of 4.7% and 12.08% has
been noted in the Iranian subpopulations [2,24]. A study on
the RC morphology of mandibular canines in a subpopulation
of the KSA found a single root (99.8%) was the most common
root form, while 0.2% of canines had a double root [14]. Even
in this study, 98% of mandibular canines had 1 root, 1.85%
had 2 roots, 69% of them had 1 canal, and 30.5% had 2 ca-
nals. Marginal percentages were recorded in a 2022 study by
Alshayban et al [11], and this is supported by a 2022 review
by Assiri et al [12].

In subpopulations of the KSA, the rate of double-rooted and
double-canalled mandibular canines mentioned in the litera-
ture are as follows: 0.2% and 4.6% [9]; 2.7% and 9.3% [16]; and
2.88% and 9.94% [15], respectively. The presence of double-
canalled mandibular canines ranges from 0% to 15% in differ-
ent subpopulations [15]. In an Iragi subpopulation, 11-11.7%
of canines had 2 root canals [3], 22% had 2 canals in an RCS
analysis of permanent dentition [6], 24% in a Turkish subgroup
[25], and 28.2% in an Iranian subset [2]. We found the high-
est incidence (30.5%) of double-canalled mandibular canines.
Varied results can be due to the differences in genetic mod-
el and ethnicity in the studied population, size of the sample,
techniques involved, classification of RCS, and the scholars’
acumen and identification [26]. Many researchers have per-
formed clinical analysis on the RCS and the form of the ante-
rior roots using various methods, and different CNs were not-
ed [20]. Variation and discrepancies in the findings of several
reports may be attributable to the region where the samples
were analyzed. Evaluation of frequencies of roots and canals
involving a large sample size is recommended to overcome the
disparity due to the small sample size in the above reports [16].

In 1984, Vertucci analyzed the CCs of all the permanent teeth
and frequently found CC type | (78%) in mandibular canines,
followed by type Il (14%), IV (6%), and Il (2%) [6]. Most man-
dibular canines in this analysis had Vertucci’s type | (69%), fol-
lowed by type IV (13.7%), (8.7%) V, and (7.2%) II. Other assess-
ments in a subgroup of KSA reported that CC type | (95.4%)
was frequently found in lower canines, followed by (2.6%) II
and (1.8%) 11l [14]; (90.7%) type | then (6.1%) lll and (3.2%)
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type V [16]; (92.07%) type | CC then (2.88%) lll and (2.44%)
type V [15]. Among all the CCs, CC type | had the highest oc-
currence in mandibular canines [15], but different percentages
were recorded by Alshayban et al [11] in maxillary and man-
dibular canines, which could be explained by different sample
sizes among sexes and different areas or cities. Modest vari-
ation in the canal configuration types observed in the above-
mentioned reports may represent the contrast in the ethnicity
of the subjects residing in the same region, which is a signifi-
cant feature that might influence the insight of the endodontist
regarding the assumed canal anatomy. People from different
geographic areas and cultural groups may present differenc-
es in dental morphology [27,28].

A structured review and meta-analysis on anatomical assess-
ment of RC and CC of permanent maxillary teeth in a subgroup
of the KSA had only 2 studies [15,16] assessing maxillary ca-
nines. All canines (N = 1018) had 1 root, and there were no
double-rooted maxillary canines [1]. One report found 98.1%
had 1 canal, and only 1.89% had 2 canals [15]. In another as-
sessments, 99% of canines had 1 canal, and 1% had 2 ca-
nals [11,16]. Even in this analysis, 99.4% of maxillary canines
had 1 root, 75% of the teeth had 1 canal, and 24.6% had 2
canals. Double-rooted maxillary canines are illustrated in the
literature as case reports. These attributes suggest that in re-
ality, double-rooted maxillary canines are rare [15]. An anal-
ysis of the RCS in permanent anterior teeth using CBCT con-
cluded that the incidence of anatomical variation in maxillary
anterior teeth is low [29].

Regarding the CC in maxillary canines, the present report dem-
onstrated that CC type | was most common (75%), followed
by IV (12%), V (8%), Il (4.6%), and Il (0.4%). Previous studies
in the KSA noted that CC type | was most common (97.94%),
followed by V (1.1%) and Il and Ill (0.47%) in 1 report [15];
(99%) type I and (1%) lll configurations in another study [16],
and the proximate percentage was recorded in other study in
SA [11]. Similar percentages were recorded in a study published
recently by Asiri et al [12]. A slight difference in the preferenc-
es could be justified by the variation in size of the sample and
geographic location among the studies. CC type | was observed
in all evaluated maxillary canines (100%) in a Malaysian pop-
ulation [21]. In contrast, in the Indian population, a dominant
type |1 (96%) pattern followed by Il (3%) and Ill (1%) was not-
ed by a researcher [10]; 81.6% type |, 2.8% II, 11.6% I, 0.8%
IV, and 2% type V was observed by another [30].

In this analysis, RNs or CNs in canines and sex had no signif-
icant association. However, sex and CC revealed a significant
association. Similar findings were noted in the reports on 3D
imaging in analyzing canines for having double root and ca-
nal in the KSA subpopulation [15,16]. Comparable results
were observed in the Malaysian subpopulation [21]. Females
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had significantly greater RNs and CNs than males in mandib-
ular canines in an investigation of the influence of sex on RC
number in permanent dentition [28]. In an Iranian population,
double-rooted and double-canalled mandibular canines were
significantly more common among males than females [22].
In the Turkish population, the incidence of RNs, CNs, and CCs
differed with sex; the prevalence of double-canalled anteriors
was higher in males than in females [13]. External and inter-
nal forms of dentition might differ according to sex, age, race,
and geographic location [1,31].

Mandibular canines demonstrated a high BS for the RNs
(97.1%), CNs (90.1%), and CC (92.1%) in a subpopulation of
the KSA [15]. In another analysis from the same region [16],
95.5% of canines exhibited BS in RNs, 91.1% in CNs, and 90.1%
in the CCs. In the above-mentioned subpopulation, 97.7% of
mandibular canines with symmetrical RNs and CCs were not-
ed [14]. Even in the Iranian population, 95.4% BS in the RNs
and CC in mandibular canines was noted [22]. In a Turkish sub-
set, the BS of RNs and CNs for mandibular anterior teeth were
96-100% and 90-95% [32]. In this analysis, mandibular canines
showed a high BS for the RNs (97.8%), CNs (74.8%), and CCs
(67.77%). Variations were obvious, particularly in the critical
analysis of the CNs and CCs, regardless of the approach that
was used in the same subset of teeth. These disparities reflect
the apparent deviations in dental anatomy within the same
or different areas, identical to those found in several studies
in the KSA [1]. Genetics has an influence on the complexity of
the RCS, and this variable must be taken into account while
reviewing other reports on RC morphology [33].

In this analysis, the degree of BS in RNs for the contralateral
maxillary canines was 98.9%, which is higher than for mandib-
ular canines, 75.12% symmetry for CNs, and 69.62% for CCs.
The extent of BS in RNs (100%), CNs (98.9%), and CC (98.9%)
for maxillary canines were also observed in a subpopulation
of the KSA [9]. The above-discussed reports of the BS in per-
manent teeth indicate that mandibular anterior teeth have
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a greater variation in RC morphology than maxillary anteri-
or teeth, and the mandibular arch exhibited greater asymme-
try than the maxillary arch. The highest asymmetry bilaterally
was in the CCs, followed by CNs. The findings of the present
report validate this.

There are certain limitations of the present study. First, it was
restricted to 1 region of the KSA. The CBCT scans were evalu-
ated from 1 subpopulation with differences in demographics.
Moreover, the analysis was retrospective in nature. Hence, pro-
spective studies concomitantly conducted in several centers
from different regions with large sample sizes are recommend-
ed. Furthermore, in this analysis, the CBCT that was used has
lower resolution compared to uCT, and images are not high-
ly defined like pCT, which is a shortcoming. CBCT scans can-
not provide minute anatomic details like uCT or clearing of the
RCS [4]. However, data were analyzed and tabulated by visu-
alizing the archived imaging database, which enabled record-
ing the specific details of sufficient samples without unnec-
essarily exposing the subjects to radiation.

Conclusions

This study found that among a subgroup of KSA residents,
most of the canines in both arches had a single root and ca-
nal, with Ahmed’s and Vertucci’s type | CC. In mandibular ca-
nines, the incidence of a double canal was higher than that
of double root. The extent of bilateral symmetry concerning
the CNs and CCs was higher in mandibular than maxillary ca-
nines. This might aid clinicians in providing better treatment
for the contralateral tooth.
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