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Abstract Background/purpose: Inadequate knowledge increases the risk of overlooking root
canals and causing procedural errors that can lead to root canal treatment failure. This study
aimed to analyze the root and root canal morphology in maxillary premolar teeth using two
classification systems assessed by cone-beam computed tomography (CBCT) in a large Japa-
nese population.
Materials and methods: This study evaluated 1443 maxillary teeth including 726 first and 717 s
premolars, from 642 Japanese individuals aged 16e84 years. CBCT images were analyzed ac-
cording to the Vertucci and Ahmed classification systems, focusing on the root and root canal
morphology. Variations were analyzed based on gender and age using the chi-square test
(P < 0.05).
Results: Maxillary first premolars were predominantly single-rooted (64.9%) and had two root
canals (86.2%). Females exhibited a higher prevalence of single-rooted (71.0%) compared to
males (49.8%) (P < 0.05). Additionally, single root canals occurred significantly more
frequently in females (14.0%) than in males (7.5%) (P < 0.05). Maxillary second premolars
mostly had a single root (97.8%) with a single root canal (72.1%). The frequency of second pre-
molars with two root canals significantly increased with age (P < 0.001). The three-rooted
configuration occurred in 1.2% and 0.3% of the first and second premolars, respectively.
Conclusion: Maxillary premolars in a Japanese population showed significant anatomical vari-
ations, highlighting the importance of understanding anatomical characteristics specific to age
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and gender. Ahmed’s system provides a more comprehensive description of the morphological
variations.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

The effectiveness of root canal therapy depends critically
on the comprehensive cleaning, shaping, and filling of the
entire root canal system.1 Achieving these goals requires a
thorough understanding of the root and root canal anat-
omy.2 However, inadequate knowledge of the anatomy
could increase the risk of overlooking root canals and
causing procedural errors that can lead to treatment fail-
ure. In particular, missed canals potentially harbor necrotic
tissue and microorganisms and can contribute to persistent
periapical pathology.3 The root canal system is known for
its considerable complexity and diversity, emphasizing the
need for dental professionals to recognize these anatomical
differences proficiently. Despite technological advances,
treatment success rates have not improved significantly
over the past century,4,5 underscoring the importance of a
more comprehensive understanding of root canal anatomy.

Various techniques have been employed to study the
internal morphology of teeth, including tooth clearing and
staining,2 root sectioning,6 periapical radiography,7,8 cone-
beam computed tomography (CBCT),9,10 micro-CT,11,12

swept-source optical coherence tomography,13,14 and clin-
ical inspection using a microscope.15,16 Among these, CBCT
provides a non-invasive three-dimensional assessment of
maxillofacial structures clinically, making it indispensable
for analyzing root and root canal anatomy.17,18

The Vertucci classification system2 is widely used, sim-
ple, and easy to share among dentists. Ahmed et al.19

recently proposed an alternative classification method
that integrates root canal morphology and root number into
a single descriptive code. This classification system is
gaining importance due to its detailed representation of
whole tooth information from CBCT.19e22 However, its
application has been limited to only a few studies.20e22

Root canal morphology varies widely due to genetic
factors, making it essential to assess variations across
different racial populations.23e25 Single-rooted maxillary
first premolars are more prevalent in Asian populations than
in other races.23,25,26 Single-rooted maxillary second pre-
molars are also more common in Asians than in Caucasoid
populations.23,25,27

However, most reports on Asian populations have
focused on Chinese and Korean subpopulations,23,25,26 and
research on the maxillary premolars of Japanese pop-
ulations is limited.28,29 To the best of our knowledge, this is
the first study to use CBCT to evaluate the root and canal
morphology of maxillary premolar teeth using two classifi-
cation systems in a Japanese population. This gap un-
derscores the need for dedicated studies to understand the
root and root canal anatomy of maxillary premolar teeth in
the Japanese population.
928
Therefore, this study aimed to use CBCT to analyze the
root and root canal structures of maxillary premolar teeth
in the Japanese population using two classification systems
and to correlate the findings with gender and age.

Materials and methods

Sample collection

All experimental procedures were approved by the Ethics
Committee of Tokyo Medical and Dental University (D2016-
102). The sample size for this study was calculated using
G*Power 3.1.9 software (Heinrich-Heine-Universität, Düs-
seldorf, Germany), based on a 98% confidence level, a 5%
margin of error, and an expected prevalence of 50%. At
least 543 subjects were selected according to the sample
size calculated for Japanese populations. Cone-beam
computed tomography images aimed at diagnosing
implant surgery and orthodontic treatment were obtained
from the Tokyo Medical and Dental University Hospital be-
tween January 2013 and December 2014. The images were
taken using Finecube CBCT scanner (Yoshida, Tokyo, Japan)
with a field of view of 81 mm � 74 mm, 90 kVp and 4.0 mA,
16.8 s and voxel size of 157 � 157 � 144 mm.

Inclusion and extrusion criteria

This study included scans from Japanese patients aged
16e84 years who had at least one permanent maxillary
tooth that was fully mature and erupted, and no history of
root canal treatments. Teeth with root canal fillings,
crowns, posts, root resorption, extensive caries, periapical
radiolucency, and images that could not be evaluated
because of low image quality were excluded from the
study.

Radiographic evaluation

Two observers, an endodontic resident and an expert
endodontist, assessed all scans on a screen with a resolu-
tion of 1280 � 1024 pixels using a dedicated DICOM viewer
(Finecube viewer, Yoshida). They evaluated the root and
root canal morphology using a three-dimensional multi-
planar reconstruction tool and examined the images in the
axial, coronal, and sagittal planes. The two observers
conducted separate evaluations and resolved any dis-
agreements through discussion until a consensus was ach-
ieved. Before evaluation, the observers underwent training
and calibration using CBCT scan samples, showing root
canal morphology in the maxillary teeth according to the
Vertucci and Ahmed classification systems. The criteria for
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the Vertucci and Ahmed classification systems are
expressed in Figs. 1 and 2.
Measurements

Radiographic observations of the maxillary teeth were
conducted to assess the frequency of the (i) number of
roots, (ii) root canal system configurations according to
Vertucci and Ahmed classifications, and (iii) number of root
canals.

The observers repeated their reviews and recordings
twice, with a gap of at least one month between sessions.
The scan sequence in the second review was altered to
ensure an unbiased assessment. The findings were
concluded based on the recordings from both observers.
The findings were then tabulated and correlated with age
and gender, with age groups defined as �20 years, 21e40
years, 41e60 years, and �61 years, in accordance with
previous methodologies.28,30
Figure 1 The Vertucci classification system of root canal morph
Type IV (2), (e) Type V (1e2), (f) Type VI (2-1-2), (g) Type VII (1-2

Figure 2 The Ahmed classification system for root canal morpho
The number of roots is added as a superscript (in red) before the t
code and root canal configuration written as a superscript (in blue
passing through the canal [C], ending by the foramen [F].
(b) Representative code of the Ahmed classification system. 2MFP B
one orifice and diverging two canals and two apical foramen (1e2) in

929
Statistical analysis

Data were analyzed using IBM SPSS Statistics version 29.0
(IBM, Chicago, IL, USA). The Pearson chi-square test with
Bonferroni correction was used to compare findings across
different gender and age groups. The data were subjected
to a kappa test to determine reproducibility and reliability.
The significance threshold was set at P < 0.05.
Results

A total of 642 Japanese individuals (205 male and 437 fe-
male) aged 16e84 years (mean age of 42.0 years) met the
criteria. A total of 1443 maxillary teeth, including 726 first
premolars and 717 s premolars, were evaluated (Fig. 3).
Inter- and intra-examiner agreements were 94.8% and
88.0%, respectively, in the maxillary first premolar and
95.1% and 87.0%, respectively, in the maxillary second
premolar.
ology.2 (a) Type I (1), (b) Type II (2�1), (c) Type III (1-2-1), (d)
-1-2), and (h) Type VIII (3).

logy.19

ooth code. Description of root name (in green) after the tooth
) on the course of the root canal starting from the orifices [O],

1-2 P1 indicated two rooted maxillary first premolar (MFP), with
the buccal root (B) and single root canal (1) in the palatal root (P).



Figure 3 Representative CBCT images of different root canal system configurations in maxillary premolars.
(a) 1MFP1, (b) 1MFP2-1, (c) 1MFP1-2�1, (d) 1MFP2, (e) 1MFP1-2, (f) 1MFP2-1�2, (g) 1MFP1-2-1-2, (h) 2MFP B1P1, (i) 2MFP B1-2 P1, (j) 3MFP
MB1DB1P1, (k) 1MSP1, (l) 1MSP2-1, (m) 1MSP1-2�1, (n) 1MSP2, (o) 1MSP1-2, (p) 1MSP2-1�2, (q) 1MSP1-2-1-2, (r) 2MFP B1P1, (s) 3MSP MB1DB1P1.
MFP: maxillary first premolar, MSP: maxillary second premolar, B: Buccul root, P: palatal root, MB: mesiobuccal root, DB: dis-
tobuccal root.
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Maxillary first premolar

The root morphology of maxillary first premolars was clas-
sified as single-rooted (64.7%), two-rooted (34.0%), or
930
three-rooted (1.2%) (Table 1). Teeth with two root canals
were predominant (86.2%: Table 1), and two-rooted teeth
with two root canals (2MFP B1P:1 33.5%) were the most
common (Table 2). Single-rooted teeth with two root canals



Table 1 The number of roots and root canals of maxillary
premolars.

First premolar
n (%)

Second premolar
n (%)

Number of roots
One 470 (64.7) 701 (97.8)
Two 247 (34.0) 14 (2.0)
Three 9 (1.2) 2 (0.3)
Total 726 (100) 717 (100)

Number of root canals
One 88 (12.1) 517 (72.1)
Two 626 (86.2) 198 (27.6)
Three 12 (1.6) 2 (0.3)
Total 726 (100) 717 (100)

Table 2 Distribution of maxillary premolars according to
two classifications.

Classification First premolar
n, (%)

Second premolar
n, (%)

Ahmed classification
1MPM1 88 (12.1) 517 (72.1)

1MPM2-1 127 (17.5) 64 (8.9)
1MPM1-2-1 51 (7.0) 38 (5.3)
1MPM2 159 (21.9) 54 (7.5)
1MPM1-2 33 (4.5) 25 (3.5)
1MPM2-1-2 8 (1.1) 38 (5.3)
1MPM1-2-1-2 4 (0.6) 4 (0.5)
2MPM B1P1 244 (33.5) 14 (2.0)
2MPM1B1-2 P1 3 (0.4) 0 (0)
3MPM MB1 DB1 P1 9 (1.2) 2 (0.3)
Total 726 (100) 717 (100)

Vertucci classification
Type I 88 (12.1) 517 (72.1)
Type II 127 (17.5) 64 (8.9)
Type III 51 (7.0) 38 (5.3)
Type IV 403 (55.5) 68 (9.5)
Type V 33 (4.5) 25 (3.5)
Type VI 8 (1.1) 38 (5.3)
Type VII 4 (0.6) 4 (0.5)
Type VIII 9 (1.2) 2 (0.3)
Not classifiable 3 (0.4) 0 (0)
Total 726 (100) 717 (100)

Ahmed classification: The tooth code starts with a superscript
for the number of roots, followed by the root name and a
superscripted root canal configuration that traces from the or-
ifices to the foramen. Vertucci classification: Type I (1), Type II
(2�1), Type III (1-2-1), Type IV (2), Type V (1e2), Type VI (2-1-
2), Type VII (1-2-1-2), and Type VIII (3). MPM: maxillary pre-
molar, B: Buccul root, P: palatal root, MB: mesiobuccal root,
DB: distobuccal root.
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(1MFP2) and two root canals merging into one canal
(1MFP2e1) were also common (21.9% and 17.5%) (Table 2).

Females exhibited a higher prevalence of single-rooted
maxillary first premolars (71.0%) than males (49.8%)
(P < 0.001; Table 3). The incidence of single-root canals
was significantly higher in females than in males (P < 0.05).
931
Conversely, the occurrence of two-rooted teeth with single
root canals (2MFP B1 P1) was significantly higher in males
than in females (P < 0.05) (Table 4). There were no sig-
nificant differences across all age groups (P > 0.05) (Tables
5 and 6).

Additionally, the prevalence of teeth with three root
canals was 1.6%; they were classified into three-rooted with
three root canals (3MFP MB1DB1P:1 1.2%) and two-rooted
with three root canals due to bifurcation of the buccal
root canal (2MFP B1e2P:1 0.4%) (Table 2).

Maxillary second premolar

The majority of maxillary second premolars (97.8%) were
single-rooted; 2.0%, two-rooted; and, 0.3%, three-rooted
(Table 1). The prevalence of teeth with two root canals was
27.6% (Table 1). The most common root canal morphology
was single root canal (1MSP:1 72.1%), and 1MSP2e1 was
present in 8.9% (Table 2). No significant gender difference
was found in the prevalence of root canals in the maxillary
second premolars (P > 0.05) (Table 3).

The frequency of teeth having a single root canal (1MSP1

configuration) showed a significant decrease with
increasing age (P < 0.001; Tables 5 and 6), with the pro-
portion of 1MSP1 decreased from 91.1% (�20 years) to 55.3%
(>61 years). Simultaneously, the occurrence of 1MSP2e1

increased from 0.8% in younger patients (�20 years) to
18.1% in older patients (>61 years) (Table 6).

Discussion

In root canal therapy, it is essential to completely remove
the infected root dentin and necrotic tissues. However,
achieving this in clinical practice remains a significant
challenge due to the complexity and variations in root canal
morphologies. The reported incidence of missed root canals
ranges from 12%31 to 23%.3 Additionally, periapical lesions
are found in 83e98% of these missed root canals, with a risk
ratio of 3.132 to 6.25.31 A thorough understanding of race-
specific root anatomy is fundamental for designing and
implementing effective dental treatment strategies. This
study provided the prevalence of root and canal
morphology in the premolars of the Japanese population.
The anatomical variations between different premolars and
the anatomical characteristics of the premolars by gender
and age could be considered and used to improve the ac-
curacy of the procedure in root canal therapy. This
knowledge is particularly valuable when clinically inte-
grated with detailed visual insights provided by dental
operating microscopes and CBCT.

Tooth-clearing procedures,2,15 root sectioning,6 peri-
apical radiographic inspections,7,8 CBCT,9 and micro CT11,12

have been utilized to assess the morphology of roots and
root canals. Several studies have shown that CBCT is as
effective as tooth-clearing or root-sectioning techniques
for identifying root canal systems.9,33 In this study, CBCT
scans were utilized due to their reliability, widespread
acceptance, accurate management of patient information,
and the multitude of studies that have used CBCT.28 While
it has been reported that there was no significant differ-
ence in the ability to detect root canals using voxel sizes of



Table 3 The number of roots and root canals of maxillary premolar teeth according to gender.

First premolar n (%) Second premolar n (%)

Male Female P Male Female P

Number of roots
One 106 (49.8) 364 (71.0) <0.001*** 191 (95.0) 510 (98.8) 0.002**
Two 104 (48.8) 143 (27.9) <0.001*** 10 (5.0) 4 (0.8) <0.001***
Three 3 (1.4) 6 (1.2) 0.791 0 (0) 2 (0.4) 0.377
Total 213 (100) 513 (100) 201 (100) 516 (100)

Number of root canals
One 16 (7.5) 72 (14.0) 0.014* 137 (68.2) 380 (73.6) 0.141
Two 192 (90.1) 434 (84.6) 0.049* 64 (31.8) 134 (26.0) 0.114
Three 5 (2.4) 7 (1.4) 0.344 0 (0) 2 (0.4) 0.377
Total 213 (100) 513 (100) 201 (100) 516 (100)

*P < 0.05, **P < 0.01, and ***P < 0.001, chi-square test.
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200 and 300 mm,34 a standard 200 mm35 or less standard has
been recommended for optimal detection.36 Hence, a voxel
size of 157 mm was employed as the inclusion criteria in this
study.

A previous study investigated racial differences in root
and root canal morphologies of maxillary first premolars
between the Portuguese and Chinese population.23 The
results showed a significant disparity in the prevalence of
single-root morphologies with 83.2% in the Chinese popu-
lation and 48.7% in the Portuguese population.23 In the
Table 4 Distribution of maxillary premolar teeth by two classifi

Classification First premolar n (%)

Male Female P

Ahmed classification
1MPM1 16 (7.5) 72 (14.0) 0
1MPM2-1 31 (14.6) 96 (18.7) 0
1MPM1-2-1 8 (3.8) 43 (8.4) 0
1MPM2 40 (18.8) 119 (23.2) 0
1MPM1-2 7 (3.3) 26 (5.1) 0
1MPM2-1-2 4 (1.9) 4 (0.8) 0
1MPM1-2-1-2 0 (0) 4 (100) 0
2MPM B1P1 102 (47.9) 142 (27.7) <
2MPM1B1-2 P1 2 (0.9) 1 (0.2) 0
3MPM MB1 DB1 P1 3 (1.4) 6 (1.2) 0
Total 213 (100) 513 (100)

Vertucci classification
Type I 16 (7.5) 72 (14.0) 0
Type II 31 (14.6) 96 (18.7) 0
Type III 8 (3.8) 43 (8.4) 0
Type IV 142 (66.7) 261 (36.0) <

Type V 7 (3.3) 26 (5.1) 0
Type VI 4 (1.9) 4 (0.8) 0
Type VII 0 (0) 4 (100) 0
Type VIII 3 (1.4) 6 (1.2) 0
Not classifiable 2 (0.9) 1 (0.2) 0
Total 213 (100) 513 (100)

Ahmed classification: The tooth code starts with a superscript for the
root canal configuration that traces from the orifices to the foramen
Type IV (2), Type V (1e2), Type VI (2-1-2), Type VII (1-2-1-2), and Type
MB: mesiobuccal root, DB: distobuccal root.
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current study, 64.7% of first premolars exhibited single-root
morphologies with a higher prevalence in females (71.0%).
This is comparable to other findings in the Japanese pop-
ulation, which reported 70.3%28 and 74.2%,29 aligning
closely with proportions seen in other Asian
demographics.18,28,37

Regarding the number of root canals of maxillary first
premolars, a previous study found no significant differences
in two-root canal morphology between the Portuguese
(87.8%) and Chinese populations (91.6%).23 This finding
cations and gender.

Second premolar n (%)

Male Female P

.014* 137 (68.2) 380 (73.6) 0.141

.179 20 (10.0) 44 (8.5) 0.548

.026* 14 (7.0) 24 (4.7) 0.214

.091 18 (9.0) 36 (7.0) 0.367

.294 2 (1.0) 23 (4.5) 0.023*

.197 0 (0) 2 (0.4) 0.377

.196 0 (0) 1 (0.2) 0.532
0.001*** 10 (5.0) 4 (0.8) <0.001***
.155 0 (0) 0 (0)
.791 0 (0) 2 (0.4) 0.377

201 (100) 516 (100)

.014* 137 (68.2) 380 (73.6) 0.141

.179 20 (10.0) 44 (8.5) 0.548

.026* 14 (7.0) 24 (4.7) 0.214
0.001*** 28 (13.9) 40 (7.7) 0.011*
.294 2 (1.0) 23 (4.5) 0.023*
.197 0 (0) 2 (0.4) 0.377
.196 0 (0) 1 (0.2) 0.532
.791 0 (0) 2 (0.4) 0.377
.155 0 (0) 0 (0)

201 (100) 516 (100)

number of roots, followed by the root name and a superscripted
.Vertucci classification: Type I (1), Type II (2�1), Type III (1-2-1),
VIII (3). MPM: maxillary premolar, B: Buccul root, P: palatal root,



Table 5 Distribution of maxillary premolar teeth in different age groups.

First premolar n (%) Second premolar n (%)

�20 21e40 41e60 �61 P �20 21e40 41e60 �61 P

Number of roots
One 77 (71.3) 199 (64.6) 132 (63.8) 62 (60.2) 0.383 123 (100) 302 (97.1) 186 (98.4) 90 (95.7) 0.135
Two 29 (26.9) 107 (34.7) 72 (34.8) 39 (37.9) 0.351 0 (0) 7 (2.3) 3 (1.6) 4 (4.3) 0.149
Three 2 (1.9) 2 (0.6) 3 (1.4) 2 (1.9) 0.638 0 (0) 2 (0.6) 0 (0) 0 (0) 0.454
Total 108 (14.9) 308 (42.4) 207 (28.5) 103 (14.2) 123 (17.2) 311 (43.4) 189 (26.4) 94 (13.1)

Number of root canals
One 19 (17.6) 41 (13.3) 18 (8.7) 10 (9.7) 0.098 112 (91.1) 215 (69.1) 138 (73.0) 52 (55.3) <0.001***
Two 87 (80.6) 262 (85.1) 186 (89.9) 91 (88.3) 0.114 11 (8.9) 94 (30.2) 51 (27.0) 42 (44.7) <0.001***
Three 2 (1.9) 5 (1.6) 3 (1.4) 2 (1.9) 0.998 0 (0) 2 (0.6) 0 (0) 0 (0) 0.454
Total 108 (14.9) 308 (42.4) 207 (28.5) 103 (14.2) 123 (17.2) 311 (43.4) 189 (26.4) 94 (13.1)

***P < 0.001, chi-square test.
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aligns with the current results that 86.2% (Type IV: 33.6%,
and Type II: 26.8%) of first premolars had two root canals.
Similarly, another Japanese study that utilized CBCT scans
documented that 79.4% of first premolars had two root
canals (Type II: 31.3%, and Type IV: 27.3%).29

The frequency of teeth with three root canals in maxil-
lary first premolars was reported as 5.0% in the Portuguese
populations, compared to no instances (0%) in the Chinese
populations.23 The current study detected the frequency of
Table 6 Distribution of maxillary premolars according to two c

Classification First premolar n (%)

�20 21e40 41e60 �61

Ahmed classification
1MPM1 19 (17.6) 41 (13.3) 18 (8.7) 10 (9.7)
1MPM2-1 15 (13.9) 43 (14.0) 45 (21.7) 24 (23.3)
1MPM1-2-1 8 (7.4) 31 (10.1) 7 (3.4) 5 (4.9)
1MPM2 20 (18.5) 67 (21.8) 50 (24.2) 22 (21.4)
1MPM1-2 13 (12.0) 14 (4.5) 14 (4.5) 0 (0)
1MPM2-1-2 1 (0.9) 2 (0.6) 5 (2.4) 0 (0)
1MPM1-2-1-2 1 (0.9) 1 (0.3) 1 (0.5) 1 (1.0)
2MPM B1P1 29 (26.9) 104 (33.8) 72 (34.8) 39 (37.9)
2MPM1B1-2 P1 0 (0) 3 (1.0) 0 (0) 0 (0)
3MPM MB1

DB1 P1 2 (1.9) 2 (0.6) 3 (1.4) 2 (1.9)
Total 108 (14.9) 308 (42.4) 207 (28.5) 103 (14.2)

Vertucci classification
Type I 19 (17.6) 41 (13.3) 18 (8.7) 10 (9.7)
Type II 15 (13.9) 43 (14.0) 45 (21.7) 24 (23.3)
Type III 8 (7.4) 31 (10.1) 7 (3.4) 5 (4.9)
Type IV 49 (45.4) 171 (55.5) 122 (58.9) 61 (59.2)
Type V 13 (12.0) 14 (4.5) 14 (4.5) 0 (0)
Type VI 1 (0.9) 2 (0.6) 5 (2.4) 0 (0)
Type VII 1 (0.9) 1 (0.3) 1 (0.5) 1 (1.0)
Type VIII 2 (1.9) 2 (0.6) 3 (1.4) 2 (1.9)
Not classifiable 0 (0) 3 (1.0) 0 (0) 0 (0)
Total 108 (14.9) 308 (42.4) 207 (28.5) 103 (14.2)

Ahmed classification: The tooth code starts with a superscript for the
root canal configuration that traces from the orifices to the foramen.
Type IV (2), Type V (1e2), Type VI (2-1-2), Type VII (1-2-1-2), and Type
MB: mesiobuccal root, DB: distobuccal root.
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teeth with three-root canals to be 1.6%, comprising 1.2% of
three-rooted teeth with three root canals and 0.4% of two-
rooted teeth with three-root canals (2MFP B1e2 P 1), which
is rare regardless of race.

Regarding second premolars, a previous report indicated
that the proportion of single-rooted teeth was significantly
higher among the Chinese (99.2%) compared to that among
the Portuguese (94.7%).23 According to studies using CBCT,
Asians, including the Chinese (86.5%)38 and Malaysians
lassifications in different age groups.

Second premolar n (%)

P �20 21e40 41e60 �61 P

0.098 112 (91.1) 215 (69.1) 138 (73.0) 52 (55.3) <0.001***
0.035 1 (0.8) 23 (7.4) 23 (12.2) 17 (18.1) <0.001***
0.025 0 (0) 27 (8.7) 4 (2.1) 7 (7.4) <0.001***
0.715 9 (7.3) 19 (6.1) 15 (7.9) 11 (11.7) 0.347
0.001*** 1 (0.8) 17 (5.5) 5 (2.6) 2 (2.1) 0.067
0.169 0 (0) 1 (0.3) 1 (0.5) 0 (0) 0.789
0.822 0 (0) 0 (0) 0 (0) 1 (4.3) 0.084
0.365 0 (0) 7 (2.3) 3 (1.6) 4 (4.3) 0.149
0.252 0 (0) 0 (0) 0 (0) 0 (0)

0.638 0 (0) 2 (0.6) 0 (0) 0 (0) 0.454
123 (17.2) 311 (43.4) 189 (26.4) 94 (13.1)

0.098 112 (91.1) 215 (69.1) 138 (73.0) 52 (55.3) <0.001***
0.035 1 (0.8) 23 (7.4) 23 (12.2) 17 (18.1) <0.001***
0.025 0 (0) 27 (8.7) 4 (2.1) 7 (7.4) <0.001***
0.109 9 (7.3) 26 (8.4) 18 (9.5) 15 (16.0) 0.126
0.001*** 1 (0.8) 17 (5.5) 5 (2.6) 2 (2.1) 0.067
0.169 0 (0) 1 (0.3) 1 (0.5) 0 (0) 0.789
0.822 0 (0) 0 (0) 0 (0) 1 (4.3) 0.084
0.638 0 (0) 2 (0.6) 0 (0) 0 (0) 0.454
0.252 0 (0) 0 (0) 0 (0) 0 (0)

123 (17.2) 311 (43.4) 189 (26.4) 94 (13.1)

number of roots, followed by the root name and a superscripted
Vertucci classification: Type I (1), Type II (2�1), Type III (1-2-1),
VIII (3). MPM: maxillary premolar, B: Buccul root, P: palatal root,
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(91.9%), 37 have higher rates of single-root morphologies
compared to those in the Spanish (82.9%)38 and Germans
(82.6%).27 The frequency of single-root morphologies was
also high in the current study at 97.8%, aligning with other
CBCT studies on a Japanese population, which reported
frequencies of 95.7%28 and 97.7%.29

As for the number of root canals of maxillary second
premolars, a single root canal occurs in the Portuguese
population at a rate of 39.8%, as revealed by CBCT.39 For
Asians, a range of 45.4%40 and 74.9%23 has been reported in
Chinese, along with 58.2% in Malaysians,37 using the CBCT-
based method. In the current study, 72.1% of the Japa-
nese population was found to have single-root canals,
which is consistent with other studies in the Japanese
population that reported frequencies of 64.0%28 and
72.2%.29 These results suggest a higher prevalence of
single-root canals among Asians compared to other races.
The occurrence of three root canals was consistently low
across races, generally less than 1 %.28

Gender differences have been noted to influence the
composition of the root canal system, as observed in the
current study. Females exhibited a higher prevalence of
single-rooted and single root canals than males in maxillary
first premolars. The tendency for females to exhibit a
decreased number of roots and root canals aligns with the
previous findings.28 This phenomenon suggests that the
differential effects of the X and Y chromosomes contribute
to gender dimorphism, including smaller teeth in females
and possibly a decrease in the number of root canals.35

This study showed a higher prevalence of multiple canals
in the maxillary second premolars of older patients. This
supports previous findings reporting a decrease in single
root canal morphology in older patients and an increase in
the number of root canals with increasing age.28,30 These
changes may be attributed to age-dependent dynamic
alteration of the root canal system due to the continuous
generation of secondary dentin and the gradual calcifica-
tion process that occurs over the years. It is reasonable that
these findings were particularly observed in the maxillary
second premolars, which typically have a high proportion of
single roots and root canals.

This study utilized two classification systems: the Ver-
tucci and Ahmed classifications. The findings indicated that
both systems can effectively categorize simple canal con-
figurations in single-rooted teeth. However, the Ahmed
classification provided a more precise and detailed charac-
terization of multi-rooted premolar teeth with complex
anatomy. For instance, it remains unclearwhether a Vertucci
type IV canal is encased within a single- or double-rooted
tooth.20 Additionally, maxillary premolars with three root
canals are uniformly classified as Vertucci type VIII, without
accounting for variations in the roots and root canals.20

A recent systematic review,22 incorporating 15 studies
that compared these systems, confirmed the results
consistent with this study. The significant variation
observed in the premolars and molars underscores the
importance of CBCT in evaluating root and canal
morphology. This study enhances our understanding of root
canal anatomy and supports the adoption of the Ahmed
classification for complex dental types. However, CBCT and
the Ahmed classification should be further examined and
evaluated across diverse patient populations worldwide.
934
The study limitations included uncontrolled variables
such as gender ratio and age distribution. Additionally,
CBCT imaging was primarily intended for implant and or-
thodontic evaluations, which might introduce a bias
compared with the imaging of healthy dentition. The re-
sults of this study primarily consisted of a Japanese popu-
lation, which limits the generalizability of the findings to
other populations and groups. Future studies should
consider expanding the study population to test the uni-
versality of these results. To further understand the causes
of the significant effects of gender and age on the
anatomical characteristics of maxillary premolars, other
potential factors, such as genetic background, geographical
area, or lifestyle, should also be considered.

In conclusion, the maxillary premolar in a Japanese
subpopulation showed significant anatomical variations,
which are more noticeable in the first premolars. This un-
derscores the importance of using CBCT to evaluate root
and root canal morphology. Additionally, it is crucial to
understand the anatomical characteristics specific to age
and gender. The Ahmed classification provided a more
comprehensive description of morphological variations,
particularly in the maxillary first premolars.
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