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KEYWORDS Abstract Background/purpose: Understanding root and canal morphology is critical for suc-

Maxillary first cessful endodontic treatment. Detecting predictors of a second mesiobuccal (MB2) canal in
premolar; permanent maxillary first molars (PMFMs) may improve diagnostic accuracy. This study exam-

Maxillary first molar; ined the relationship between root number of permanent maxillary first premolars (PMFPs) and

Multiple roots; MB2 occurrence in PMFMs in a Taiwanese population.

MB2; Materials and methods: CBCT scans from 645 patients were reviewed, and 188 met the inclu-

CBCT sion criteria, yielding 752 teeth (376 PMFPs, 376 PMFMs). Root number and canal morphology

were classified using Vertucci’s system. MB2 prevalence and bilateral symmetry were assessed.
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Associations between PMFP root number and MB2 occurrence were analyzed with chi-square
tests and multivariable logistic regression adjusted for sex, age, and side.

Results: Among PMFPs, 60.9 % had one root, 37.5 % had two roots, and 1.6 % had three roots. In
single-rooted PMFPs, the most common configurations were Types |, Ill, IV, and Il. In PMFMs,
the mesiobuccal root most frequently showed Type | (42.0 %), followed by Type IV (30.8 %)
and Type Il (23.6 %). Males had a higher prevalence of multi-rooted PMFPs and MB2 canals than
females. Logistic regression revealed that multiple-rooted PMFPs were independently associ-
ated with MB2 occurrence in PMFMs, with an adjusted odds ratio of 2.081 (P < 0.001). Bilateral
symmetry was high in both PMFP root number (81.4 %) and MB2 presence (85.1 %).
Conclusion: Multiple-rooted PMFPs were strongly correlated with MB2 occurrence in PMFMs.
PMFP morphology may serve as a predictive indicator for MB2 detection, enhancing diagnosis
and treatment planning while no CBCT usage.

© 2026 Association for Dental Sciences of the Republic of China. Publishing services by Digital
Commons. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The success of root canal therapy largely relies on thorough
chemomechanical debridement and proper obturation of
the canal system." These steps are closely dependent on an
in-depth understanding of the root and root canal anatomy.
Recognizing potential variations, such as additional canals,
accessory branches, apical deltas, or atypical root struc-
tures, enhances a clinician’s ability to locate, shape, and
disinfect the canal system during treatment." In contrast,
inadequate awareness of these anatomical complexities
can result in missed canals, insufficient cleaning, or sub-
optimal obturation, which are leading causes of persistent
periapical disease and treatment failure.?* The introduc-
tion of advanced diagnostic technologies, particularly cone-
beam computed tomography (CBCT), has highlighted the
importance of three-dimensional imaging in accurately
identifying canal morphology and supporting more precise
treatment planning.* Ongoing research and continuous
training in root canal anatomy are therefore essential for
improving clinical outcomes and ensuring predictable suc-
cess in modern endodontic care.

Permanent maxillary first molars (PMFMs) are among one
of the most frequently studied teeth because of the wide
variability in the prevalence of a second mesiobuccal canal
(MB2).> A global CBCT-based study reported an overall MB2
incidence of 73.8 %, with prevalence ranging from highest
97.6 % in Belgium to 48.0 % in Venezuela.® Ethnic differences
were evident, and studies in Taiwanese populations have
shown frequencies between 45.9 % and 74.0 %.”'® Since MB2
occurs in just more than half of PMFMs in Taiwan, the like-
lihood of encountering it during treatment is comparable to
the probability of flipping a coin.” Therefore, identifying
predictive factors is valuable to help clinicians anticipate
MB2 presence and improve treatment planning and
execution.

Compared with permanent maxillary first molars
(PMFMs), fewer investigations have focused on the root
and canal morphology of permanent maxillary first pre-
molars (PMFPs).> The reasons for this disparity are un-
certain but may relate to the greater clinical challenges
posed by PMFMs compared with PMFPs. A CBCT study
conducted in a Chinese population reported that 66 % of
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PMFPs had a single root, 33 % presented with two roots,
and only 1 % displayed three roots.'°

Identifying multiple roots is generally easier on peri-
apical radiographs than detecting complex canals within a
single root. Therefore, the present study aimed to examine
the relationship between the root number of PMFPs (one
root vs. multiple roots) and the presence of the MB2 in
PMFMs in a Taiwanese population. The working hypothesis
was that PMFPs with multiple roots would be correlated
with a higher prevalence of MB2 in PMFMs. In addition, the
study evaluated the root canal morphology of PMFPs and
the mesiobuccal root of PMFMs according to Vertucci’s
classification, addressing the lack of such data in Taiwanese
cohorts. Finally, the bilateral symmetry of PMFP root
number and the presence or absence of MB2 in PMFMs was
assessed.

Materials and methods

Database concealment, retrieving, and image
attainment

All CBCT images analyzed in this study were obtained from
a secure, encrypted database. The scans were stored in
Digital Imaging and Communications in Medicine (DICOM)
format and originated from patients treated in the
Department of Dentistry at Tri-Service General Hospital,
Taipei, Taiwan, between January and December 2024.
These images were not initially collected for research
purposes. During data handling, two authors anonymized all
patient information, including names, record numbers, and
phone numbers, by substituting them with serial codes.
Ethical approval for this project was granted by the Insti-
tutional Review Board of Tri-Service General Hospital, Tai-
pei, Taiwan (approval no. C202505122).

To ensure diagnostic accuracy while following the “as
low as reasonably achievable” (ALARA) principle, scans
were performed by three certified radiologists using a CBCT
unit (Planmeca ProMax 3D ProFace, Helsinki, Finland). The
machine operated at 80 kVp with a tube current of 15 mA
and automatic exposure adjustments based on the target
region, with each full-arch scan lasting about 12 s. Images
were acquired at a voxel resolution of 0.15 mm.
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Inclusion criteria required:

1. Bilateral presence of PMFPs, permanent maxillary sec-
ond premolars (PMSPs), and PMFMs with fully developed
roots.

2. No evidence of prior root canal therapy or radiopaque
canal filling.

3. Absence of coronal restorations or post-and-core.

4. No large metallic restorations that could distort CBCT
interpretation.

5. No radiographic signs of root resorption or periapical
disease.

6. No history of root amputation or hemisection.

7. Clear, high-quality CBCT images in which canal orifices
and root canal patterns could be reliably identified.

All scans (1920 x 1080 pixels) were reoriented so that
the maxilla appeared bilaterally symmetrical, with the
occlusal plane aligned parallel to the ground in both frontal
and sagittal views.

Calibration on examiner reliability

Two examiners individually assessed the CBCT images, and
any inconsistencies in elucidation were determined via
discussion with corresponding author until agreement was
accomplished. Intra- and inter-examiner calibration for
nominal variables was managed to evaluate data trust-
worthiness, based on the morphological diagnosis of 50
randomly chosen CBCT images. Prior to resolving disagree-
ments among the examiners, Kappa analysis was per-
formed."" The kappa statistic values for nominal variables
were 0.963 and 0.924 for intra- and inter-observer agree-
ment, respectively (data not shown).

Sample size calculation and power analysis

To determine the appropriate sample size, a preliminary
analysis was conducted using data assessed independently
by two interpreters, who reviewed 50 cases. The aim was to
estimate the minimum number of teeth required to detect
a statistically significant difference between one-rooted
and multi-rooted PMFPs with sufficient statistical power.
According to the initial findings, 55.93 % of PMFMs exhibited
a second mesiobuccal (MB2) canal in the one-rooted PMFP
group, compared to 73.17 % in the multi-rooted PMFP
group. Assuming an enrolment ratio of 0.69 between the
groups, the calculation was carried out using a two-sided
test with a significance level (a) of 0.05 and a statistical
power of 80 % (B = 0.20). Based on these assumptions, the
required total sample size was estimated to be 250 teeth
(125 participants). This calculation ensures sufficient
sensitivity to detect the anticipated difference, thereby
reducing the likelihood of both Type | and Type Il errors and
strengthening the robustness of the study findings.

Root and root canal evaluation and classification

All eligible PMFP and PMFM images were analyzed using
OsiriX Lite software (Pixmeo SARL, Bernex, Switzerland).
Serial cross-sectional slices were examined from the
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cementoenamel junction (CEJ) to the root apex to assess
root and canal morphology. For PMFPs, the number of roots
and canal configurations were classified according to Ver-
tucci’s system. For PMFMs, the mesiobuccal roots were
specifically assessed for the presence or absence of a sec-
ond mesiobuccal canal (MB2). Cross-sectional images from
the CEJ to the apex were evaluated, and canal systems
were categorised as either "without MB2” or "with MB2,”
followed by classification using Vertucci’s criteria.

1. Without MB2: A single canal located in the mesiobuccal
root of the PMFM (Fig. 1A).

2. With MB2: More than one canal identified within the
mesiobuccal root of the PMFM on CBCT slices and dis-
tribution of Vertucci’s classification (Fig. 1B).

3. The symmetry of PMFPs’ root number and PMFMs’ MB
canal category (without or with MB2) was also recorded
(Fig. 1C).

Statistical analysis

Descriptive statistics were presented as means with stan-
dard deviations, frequencies, or percentages, depending on
the type of variable, and calculated at either the patient or
tooth level. The chi-square test was applied to assess dif-
ferences in categorical variables, including sex (female vs.
male), age (<50 years vs. >50 years), side (right vs. left),
root number (one vs. multiple) of PMFPs, and PMFMs
without or with an MB2 canal.'? To evaluate the indepen-
dent relationship between the root number of PMFPs and
the presence of MB2 in PMFMs, a multivariable logistic
regression was performed. The model was adjusted for
potential confounders such as sex, age, and side. All sta-
tistical procedures were carried out using SPSS for Mac
(version 31.0; SPSS Inc., Chicago, IL, USA). Statistical sig-
nificance was set at a P-value <0.05.

Results
Study population and tooth characteristics

We initially screened CBCT scans from 645 patients, of
which 188 met the inclusion criteria. This final sample
consisted of 98 females (52 %) and 90 males (48 %), with
ages ranging from 20 to 83 years (mean age: 43.9 + 15.2
years). In total, 752 teeth were evaluated, including 376
PMFPs and 376 PMFMs (Table S1).

Analysis of prevalence and distribution across
variables

In the PMFPs, males showed a significantly higher preva-
lence of multiple roots (46.1 %) compared with females
(32.7 %). No significant differences were observed across
age groups or between the right and left sides. A similar
pattern was noted in the MB root of PMFMs, where males
had a higher proportion with MB2 canals (54.3 %) than fe-
males (52.6 %), without significant variation by age or tooth
side (Table 1). Regarding the main objective of this study,
the presence of multiple roots in PMFPs was significantly
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Representative images of without and with second mesiobuccal canal (MB2) in permanent maxillary first molars

(PMFMs) and the symmetry of root number of permanent maxillary first premolars (PMFPs) and MB2 in PMFMs. (A) Without MB2
in PMFM. (B) With MB2 in PMFM. (C) The symmetry of PMFPs had two roots were indicated with white solid arrows, whereas black

open arrows represent MB root of PMFMs had two canals.

correlated with a higher frequency of MB2 canals in PMFMs
(P < 0.001) (Fig. 2). After adjusting for potential con-
founders through multivariable logistic regression,
multiple-rooted PMFPs remained independently associated
with MB2 occurrence in PMFMs, with an adjusted odds ratio
of 2.081 (P < 0.001) compared with single-rooted PMFPs.
Detailed findings are presented in Table 2.

Vertucci’s classification of PMFPs’ and PMFM’s MB
root canal configurations

The canal configurations of PMFPs and PMFMs were evalu-
ated according to Vertucci’s classification. Among PMFPs,
60.9 % had one root, 37.5 % had two roots, and 1.6 % had
three roots. In single-rooted PMFPs, the most common
configuration was Type | (14.6 %), followed by Type llI
(14.3 %), Type IV (13.6 %), and Type Il (10.4 %). For the MB
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root of PMFMs, Type | was observed in 42.0 %, followed by
Type IV (30.8 %) and Type Il (23.6 %) (Table 3).

Symmetry of PMFPs and PMFMs

To evaluate symmetry in PMFP root numbers and the
presence of MB2 canals in PMFMs, we analyzed the rela-
tionship between contralateral PMFP root counts and MB2
occurrence in PMFMs. A high degree of symmetry was
noted, with 81.4 % of PMFPs showing identical root numbers
bilaterally and 85.1 % of PMFMs exhibiting symmetrical MB2
canal presence (Table 4).

Discussion

This CBCT-based investigation explored the relationship
between root number in PMFPs and the occurrence of a MB2
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Table 1
according to sex, age, and side.

The prevalence and distribution of PMFP root number category and without/with MB2 in PMFMs were analyzed

PMFPs, n (%) Total P-value PMFMs, n (%) Total P-value
One root Multiple roots Without MB2 ~ With MB2

Sex
Female 132 (67.3) 64 (32.7) 196 (100) <0.008** 93 (47.4) 103 (52.6) 196 (100)  0.026*
Male 97 (53.9) 83 (46.1) 180 (100) 65 (36.1) 115 (63.9) 180 (100)

Age
<50 years 131 (58.5) 93 (41.5) 224 (100) 0.243 101 (45.1) 123 (54.9) 224 (100)  0.143
>50 years 98 (64.5) 54 (35.5) 152 (100) 57 (37.5) 95 (62.5) 152 (100)

Side
Right 112 (59.6) 76 (40.4) 188 (100) 0.597 84 (44.7) 104 (55.3) 188 (100)  0.296
Left 117 (62.2) 71 (37.8) 188 (100) 74 (39.4) 114 (60.6) 188 (100)

Total 229 (60.9) 147 (39.1) 376 (100) 158 (42.0) 218 (58.0) 376 (100)

PMFPs, permanent maxillary first premolars; PMFMs, permanent maxillary first molars; SD, standard deviation; n, tooth number. Data
were analyzed using chi-square test. The level of statistical significance was set at P < 0.05*. P < 0.05*, P < 0.01**, P < 0.001***.

P < 0.001***
100
80 -
2 509% [ PMFMs without MB2
lé' 60 oo 511% [ PMFMs with MB2
o
S 40 31.3%
2
0 T I

Oneroot  Mutiple roots
PMFP’s root number

Figure 2 The presence of multiple roots in permanent
maxillary first premolars (PMFPs) significantly increased the
prevalence of second mesiobuccal canal (MB2) in permanent
maxillary first molars (PMFMs) (P < 0.05).

canal in adjacent PMFMs within a Taiwanese population.
The findings confirmed our initial hypothesis: multiple-
rooted PMFPs were significantly associated with an
increased prevalence of MB2 canals in PMFMs, even after
adjusting for sex, age and side. This observation supports
the concept that anatomical complexity in maxillary pre-
molars may reflect corresponding variations in maxillary
molars, offering a useful predictor for clinicians during
endodontic treatment planning.

The prevalence of MB2 observed in this study aligns with
earlier reports in Taiwanese populations, which have
ranged between 45.9 % and 74.0 %.”'® This variability may
reflect differences in sample size, imaging technology, and
classification systems. Our findings reinforce the impor-
tance of regional data, as ethnic and population-specific
variations in root and canal anatomy are well estab-
lished.® Furthermore, males demonstrated a slightly higher
prevalence of multi-rooted PMFPs and MB2 canals in PMFMs
compared with females, which is consistent with previous
observations of sexual dimorphism in Taiwanese root canal
morphology,” and western Asia population.’* However, age
and tooth side showed no significant influence, suggesting
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760

Table 2 The association between the variables and the
presence of MB2 in PMFMs was analyzed using multivariable
logistic regression.

PMFMs
Adjusted OR 95 % CI P-value
Lower Upper
Sex
Female Referent
Male 1.445 0.945 2.209 0.089
Age
<50 years Referent
>50 years 1.419 0.921 2.187 0.383
Side
Right Referent
Left 1.282 0.842 1.952 0.223
PMFPs
One root Referent
Multiple roots 2.081 1.336 3.242 0.001*

PMFPs, permanent maxillary first premolars; PMFMs, permanent
maxillary first molars; MB2, second mesiobuccal canal; OR, odds
ratio; Cl, confidence interval. The level of statistical signifi-
cance was set at P < 0.05*. P < 0.05*%, P < 0.01**, P < 0.001***,

that these factors may play a limited role in determining
canal complexity.

Vertucci’s classification highlighted that PMFPs exhibi-
ted a broad spectrum of canal configurations, with Types |,
lll, IV, and Il being most common in single-rooted teeth.
Similarly, the mesiobuccal roots of PMFMs demonstrated
notable complexity, with nearly one-third classified as Type
IV. These findings emphasize the clinical challenge of
locating and treating MB2 canals, which, if left undetected,
are a well-documented cause of persistent apical peri-
odontitis and endodontic failure.' The strong bilateral
symmetry observed in both PMFP root number (81.4 %) and
PMFM MB2 occurrence (85.1 %) further suggests that
contralateral teeth may serve as reliable references during
diagnosis and treatment.
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Table 3  Distribution of Vertucci’s classification of PMFPs’ and PMFMs’ canal configurations (n = 376).
Tooth type Canal classification
Type | Type Il Type lll Type IV Type V Type VI  Type VIl  Type VIl  Total
PMFPs
One root 55 (14.6) 39 (10.4) 54 (14.3) 51 (13.6) 27 (7.2) 2 (0.5) 1(0.2) 0 229 (60.9)
Two roots 0 0 0 141 (37.5) O 0 0 0 141 (37.5)
Three roots 0 0 0 0 0 0 0 6 (1.6) 6 (1.6)
PMFMs
MB root 158 (42.0) 89 (23.6) 4 (1.0) 116 (30.8) 6 (1.6) 2 (0.5) 1(0.2) 0 376 (100)

PMFPs, permanent maxillary first premolars; PMFMs, permanent maxillary first molars; MB, mesiobuccal.

Table 4 The correlation between the root number of the contralateral PMFPs and without/with MB2 in PMSPs was analyzed.

(N = 188).
PMFPs, right (N) P-value
One root Two roots Three roots Total
PMFPs, left (N)
One root 97 20 0 117 <0.0071***
Two roots 15 53 0 68
Three roots 0 0 3 3
Total 112 73 3 188
PMFMs, right (N) P-value
Without MB2 With MB2 Total
PMFMs, left (N)
Without MB2 65 9 74 <0.001***
With MB2 19 95 114
Total 84 104 188

PMFPs, permanent maxillary first premolars; PMFMs, permanent maxillary first molars; MB2, second mesiobuccal canal; N, number of
patients. Data were analyzed using chi-square test. The level of statistical significance was set at P < 0.05*. P < 0.05%, P < 0.01**,

P < 0.001***.

From a clinical perspective, these results hold practical
value. Identifying multiple roots in PMFPs on a routine
periapical radiograph may alert clinicians to a higher like-
lihood of MB2 canals in adjacent PMFMs. This insight can
guide more meticulous exploration during access cavity
preparation and may reduce reliance on CBCT, thereby
minimizing radiation exposure in accordance with the
ALARA principle. Nevertheless, CBCT remains invaluable in
cases with persistent diagnostic uncertainty or complex
anatomy.’

Several limitations should be acknowledged. First,
although CBCT is highly accurate for detecting root canal
morphology, it cannot compare with micro-CT, which re-
mains the gold standard for anatomical studies.’> Second,
this study was retrospective in nature and relied on images
obtained for clinical rather than research purposes, which
may have introduced selection bias.'? Third, while our
sample size was adequately powered, the findings are
limited to a single Taiwanese cohort and may not be
directly generalizable to other populations. Future in-
vestigations should consider multi-center studies with
larger and more diverse samples, as well as subgroup
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analyses incorporating demographic variables such as
ethnicity, sex, and age. In addition, evaluating the impact
of technological advances in CBCT resolution on diagnostic
accuracy would be of interest.

In this study, multiple-rooted PMFPs were found to be
significantly associated with an increased prevalence of
MB2 canals in adjacent PMFMs. The strong bilateral sym-
metry observed in both PMFP root number and MB2 occur-
rence in PMFMs suggests that contralateral teeth may serve
as reliable clinical references. These findings highlight the
predictive value of PMFP root morphology in anticipating
MB2 complexity, thereby supporting more accurate end-
odontic diagnosis and treatment planning. Routine peri-
apical radiographs that reveal multiple roots in PMFPs may
provide clinicians with a practical indicator of MB2 pres-
ence in PMFMs, potentially improving treatment outcomes
as an alternative to CBCT scanning.
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