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Micro-tomographic
characterization of the root
and canal system morphology
of mandibular first premolars
in a Chilean population
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This study aimed to analyze the root anatomy and root canal system morphology of mandibular

first premolars in a Chilean population. 186 teeth were scanned using micro-computed tomography
and reconstructed three-dimensionally. The root canal system morphology was classified using both
Vertucci’s and Ahmed’s criteria. The radicular grooves were categorized using the ASUDAS system,
and the presence of Tomes’ anomalous root was associated with Ahmed’s score. A single root canal
was identified in 65.05% of teeth, being configuration type | according to Vertucci’s criteria and code
IMP? according to Ahmed’s criteria. Radicular grooves were observed in 39.25% of teeth. The ASUDAS
scores for radicular grooves were 60.75%, 13.98%, 12.36%, 10.22%, 2.15%, and 0.54%, from grade

0 to grade 5, respectively. The presence of Tomes’ anomalous root was identified only in teeth with
multiple root canals, and it was more frequently associated with code *MP*~2 of Ahmed's criteria.

The root canal system morphology of mandibular first premolars showed a wide range of anatomical
variations in the Chilean population. Teeth with multiple root canals had a higher incidence of radicular
grooves, which were closely related to more complex internal anatomy. Only teeth with multiple root
canals presented Tomes’ anomalous root.

The human teeth have a wide variability of shapes and configurations, which are directly related to the genetic
determinants, ethnicity, and geographical origin of individuals'. In this context, comprehensive knowledge of
the tooth anatomy and root canal system morphology is essential to achieve successful root canal debriding,
shaping, and filling during endodontic treatment®. Indeed, a poor understanding of the three-dimensional (3D)
root canal system morphology can result in the inability to identify and treat all the root canals; thus, compro-
mising the total pulp removal and complete disinfection and finally, leading to endodontic treatment failure*.
An ongoing controversial discussion about the external and internal anatomy of the mandibular first pre-
molar can be found in the scientific literature®~. For a better understanding of the internal configuration of the
root canal system, Vertucci’s score has been widely used to analyze anatomic variations'’. This system allows us
to categorize the configuration of the root canals; however, it is not designed to describe the number and con-
figuration of the roots. In this sense, Ahmed et al.'! proposed a new classification system, which provides more
information about the number of roots, the anatomy of the main and accessory root canals'?, and the potential
anomalies in the root canal system morphology'’. Regarding the external configuration, radicular grooves are
frequently observed on the mesial or distal surfaces of the root of mandibular first premolars, and they are often
associated with complex internal anatomical features, including C-shaped canals or isthmus, among other root
configurations'. Tomes” anomalous root is included within these external roots anatomy variations and, accord-
ing to the Arizona State University Dental Anthropology Scoring System (ASUDAS), its severity can be graded
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Figure 1. Representative illustrations of the different configuration types of the root canal system morphology
according to Vertucci’s criteria.

from 0 to 5, being the presence of Tomes’ roots equivalent to grades 3-5'°. To date, limited research on radicular
grooves of mandibular first premolars has been reported®~® and, to the best of our knowledge, there are no studies
using Ahmed’s criteria and ASUDAS scoring to describe mandibular first premolars in the Chilean population.

Different methodologies have been used to study the internal and external anatomy of the teeth, such as
conventional and digital radiography, clearing techniques, cross-sectioning, scanning electron microscopy, and
stereomicroscope®!~'8, Nowadays, micro-computed tomography (micro-CT) is considered the gold standard
for anatomical studies due to it being a non-invasive and reproducible technique that allows a qualitative and
quantitative 3D-characterization of the teeth morphology'®?°. Therefore, this study aimed to analyze the root
anatomy and canal system morphology of mandibular first premolars obtained from a Chilean population using
micro-CT. Internal morphology was analyzed using Vertucci’s and Ahmed’s criteria, and external morphology
was analyzed using the ASUDAS scoring. The relationship between ASUDAS scoring, in particular the pres-
ence of Tomes’ anomalous root, and the complexity of the root canal system morphology scored with Ahmed’s
criteria were also explored.

Methods

Teeth selection and preparation. A selected sample of human mandibular first premolars from a Chil-
ean population (n=186), extracted for orthodontic reasons, was utilized in this study. Selection criteria were as
follows: Teeth with fully formed apices, intact crowns (i.e., no carious lesions, no fractures, no restorations, and
no endodontic treatment), and absence of root resorption, root caries, or root fractures. Sampled teeth were
cleaned by immersion in 5% sodium hypochlorite for 30 min and reserved in 10% neutral buffered formalin,
before being debrided of remnants of periodontal tissues and dental calculus by using an ultrasonic scaler (NSK,
Tokyo, Japan). Then, the specimens were stored in a moisturizing solution at room temperature until further
analysis. The study (Protocol #2018/03) was approved by the Ethics Committee for Human Research of the Fac-
ulty of Dentistry from Universidad de Chile. All the participants agreed to participate in the study by signing an
institutional review board-approved informed consent. The research protocol was carried out in full accordance
with the ethical principles of the Declaration of Helsinki of the World Medical Association, 2008.

Micro-CT scanning and three-dimensional reconstruction. All teeth were scanned using a high-
resolution micro-CT device (SkyScan 1278, Bruker, Kontich, Belgium) at 65 kV, 692 mA, with a rotation step
of 0.2° 360° around the vertical axis, and 50 um voxel size, using a 1-mm-thick aluminum filter. The acquired
images were reconstructed in a 3D-dataset using the NRecon v.1.6.9 software (Bruker, Kontich, Belgium). The
3D-model was adjusted to visualize the internal (opaque) and external (transparent) tooth structures. The seg-
mentation of the structures was obtained using the CTAn v.1.12 software (Bruker, Kontich, Belgium).

Morphological analysis. Two previously calibrated examiners (A.S-C. and L.G-0.) individually analyzed
the reconstructed images and, in case of interpretation disagreements, the discrepancies were resolved by con-
sensus. The DataViewer v.1.4.4 and CTVol v.2.2.10 softwares (Bruker, Kontich, Belgium) were used to evaluate
the following characteristics:

1. Type of configuration of root canals, according to Vertucci’s and Ahmed’s criteria. Figure 1 depicts the dif-
ferent configuration types of the root canal system according to Vertucci’s criteria. Figure 2 depicts the different
codes used to characterize the root canal system morphology according to Ahmed’s criteria. Ahmed’s criteria
coding for single-rooted, double-rooted, and multi-rooted teeth are shown in Table 1.

2. Presence and categorization of radicular grooves according to ASUDAS scoring. As shown in Fig. 3, the
radicular groove scores were as follows: Grade 0: A radicular groove is absent, or if present, it is shallow with
rounded indentation. Grade 1: A radicular groove is present and has a shallow V-shaped cross-section. Grade
2: A radicular groove is present and has a moderately deep V-shaped cross-section. Grade 3: A radicular groove
is present and has a markedly deep V-shaped cross-section, such that the radicular groove extends to, at least,
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Figure 2. Representative illustrations of the root canal system morphology coded according to Ahmed’s
criteria. The superscript on the left of TN corresponds to the number of roots. The superscript on the right of
TN, in a single-rooted tooth, corresponds to the root canal configuration type, and in a double-rooted tooth,
corresponds to the root canal configuration type on the right of each root, being M: mesial and D: distal.
Whether the root has a common configuration coronal to canal bifurcation, then the canal configuration
common to both root is written before the identification of the roots. The same code applies to multi-rooted
teeth. O-C-F corresponds to the root canal configuration type starting from the orifice, passing through the
canal to the foramen. TN tooth number.

Tooth type Code
Single-rooted LTNO-C-F

Double-rooted 2TN R19-CF R20O-CF
Multi-rOOted TN Rl()*(‘rl" RZ()f(}F Rn()f(:fl‘

Table 1. Ahmed’s criteria coding assigned to single, double, or multiple root teeth. C canal; F foramen; n,
refers to three or more roots; O orifice; R root; TN tooth number.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Figure 3. Micro-CT images showing the radicular grooves classified according to ASUDAS scoring. AT apical
third; CEJ cementoenamel junction; CT cervical third; MT middle third (Images obtained using the CTAn v.1.12
software, Bruker).
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Vertucci’s criteria Ahmed’s criteria
Type Canal pattern | N (%) Code N (%)
Single-rooted
Type I (1-1) 121 (65.05) | 'MP! 121 (65.05)
Type IT (2-1) 0 |@©o) |mp 0 |(0.0)
Type III (1-2-1) 10 (5.38) IMPI-2t 10 (5.38)
Type IV (2-2) 0 |(0.0) IMpP>2 0 |(0.0)
Type V (1-2) 45 (24.19) | 'MP*-2 45 (24.19)
Type VI (2-1-2) 0 (0.0) IMpZ1-2 0 (0.0)
Type VII (1-2-1-2) 4 (@15 |Mp21 4 |15
Type VIII (3-3) 0 (0.0) IMP3-3 0 (0.0)
Other types IMPp!-3 4 ](2.15)
Type IX (1-3) 5 |(2.69) | 'MPp-l 1 |(0.54)
Non-Classifiable (1-3-2-1) 1 (0.54) Double-rooted
2MP 'M'D? 1 (0.54)

Table 2. Root canal system morphology of the analyzed mandibular first premolars according to Vertucci’s
criteria and their correspondence with Ahmed’s criteria. D distal; M mesial; MP mandibular first premolar.

1 of the total root length. Grade 4: A radicular groove is deeply invaginated on both the mesial and distal root
surfaces. Grade 5: Two independent roots are present, such that their length is at leasti — % of the total root
length. In order to analyze the relationship between the presence of Tomes’ anomalous root and the complexity
of the root canal system morphology, scored with Ahmed’s criteria, the analyzed teeth were classified into two
groups: the non-Tomes’ root group, corresponding to grade 0 to grade 2 of ASUDAS scoring, and the Tomes’
root group, corresponding to grade 3 to grade 5 of ASUDAS scoring.

3. Anatomical characteristics, such as number and location of apical foramina, frequency of accessory canals,
and presence of C-shaped canals, isthmus, or apical deltas.

Statistical analysis. Descriptive data regarding roots’ anatomical features were presented as frequencies
and cumulative percentages. The potential association between the presence of Tomes’ anomalous root and the
internal complexity of the root canal system, according to Ahmed’s criteria, was analyzed using the Chi-square
test. A p-value of <0.05 was considered statistically significant. Data analysis was performed using the statistics
software SPSS v.22.0 (IBM Corp, Armonk, NY, USA).

Results

Root canal system morphology. The root canal system morphology of mandibular first premolars
showed a wide range of anatomical variations in the Chilean population (Table 2 and Fig. 4). According to Ver-
tucci’s criteria, the most common configuration was the type I (1-1) in 65.05% of the analyzed teeth, followed
by type V (1-2) in 24.19% of the samples. The less frequent configuration was the type VII (1-2-1-2) in 2.15%
of teeth. The configurations type II (2-1), IV (2,2), and VI (2-1-2) were not observed, and 6 teeth showed other
types of configuration not included in Vertucci’s criteria. These other types of configuration are depicted in Fig. 4
and correspond to 2.69% for configuration 1-3 and 0.54% for configuration 1-3-2-1. According to Ahmed’s cri-
teria, the code 'MP! was the most prevalent in single-rooted teeth, occurring in 65.05% of the samples, followed
by code '"MP'"% in 24.19% of teeth. The less frequent code was the !MP!-3-2" in 0.54% of the analyzed teeth, and
codes 'MP*™, 'MP?2, and 'MP*!** were not identified. The unique double rooted-tooth included in the study
had three root canals and was classified with the code 2MP 'M'D?

Radicular grooves. According to the ASUDAS scoring (Table 3), 60.75% of teeth did not present a radicu-
lar groove (grade 0). Among teeth showing radicular grooves, the scores were 13.98%, 12.36%, 10.22%, and
2.15%, respectively, from grade 1 to grade 4. Only a tooth had radicular groove grade 5.

The relation between the radicular groove, categorized using the ASUDAS scoring, and the root canal system
morphology, scored using Ahmed’s criteria, is detailed in Table 4. Among the teeth with a single root canal,
65.05% presented the code 'MP', being all of them grades 0-2 according to the ASUDAS scoring. 34.95% of teeth
had multiple root canals, being 41 teeth grades 0-2, and 24 teeth grades 3-5 (Tomes” anomalous root), accord-
ing to the ASUDAS scoring. The code "MP'~* was the most common pattern in teeth with multiple root canals,
occurring in 24.19% of the analyzed teeth. From them, 26 teeth were grades 0-2, and 19 teeth were grades 3-5
(Tomes” anomalous root), according to the ASUDAS scoring. In teeth with other Ahmed’s codes, 15 teeth were
grades 0-2, and 5 teeth were grades 3-5 (Tomes” anomalous root), according to the ASUDAS scoring. From the
analyzed teeth, 162 teeth were non-Tomes’ root, and most of them (74.69%) were teeth with a single root canal
(P<0.001). The presence of Tomes” anomalous root was identified only in teeth with multiple root canals, and
most of them (79.17%) were code !MP!~2 of Ahmed’s criteria (P=0.031).
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Figure 4. Micro-CT images showing the root canal configuration of the analyzed teeth using Vertucci’s criteria
(above) and Ahmedss criteria (below). D distal; M mesial; MP mandibular first premolar (Images obtained using
the CTAn v.1.12 software, Bruker).

ASUDAS score | N %

Grade 0 113 | 60.75
Grade 1 26 |13.98
Grade 2 23 |12.36
Grade 3 19 |10.22
Grade 4 4 2.15
Grade 5 1 0.54

Table 3. Radicular groove type observed in mandibular first premolars according to the ASUDAS scoring.

Single root
canal Multiple root canals
Code '"MP!2 | Other Codes

ASUDAS Score N Code 'MP! (%) | Total (%) (%) (%)
ASUDAS 0 113 105 | (92.92) 8 | (7.08) 6 | (5.31) 24| (1.77)
ASUDAS 1 26 15 | (57.69) |11 |@231) |10 |(38.46) 1% | (3.85)
ASUDAS 2 23 1 |(4.35) 22 [ (95.65) |10 | (43.48) 12¢| (52.17)
ASUDAS 3 19 0 |(0.0) 19 | (100) 17 | (89.47) 241 (10.53)
ASUDAS 4 4 0 |(0.0) 4 |(100) 2 | (50.00) 2¢ | (50.00)
ASUDAS 5 1 0 |(0.0) 1 | (100) 0 |(0.0) 11| (4.76)
Total 186 121 | (65.05) 65 | (34.95) |45 |(24.19) 20 | (10.75)
Non-Tomes’ root | 162 (100%) | 121 | (74.69)* |41 |(25.31) |26 |(16.05) 15 | (9.26)
Tomes’ root 24 (100%) 0 |(0.0) 24 | (100) 19 | (79.17)* 5 |(20.83)

Table 4. Relation between the radicular groove categorized using the ASUDAS scoring and the root canal
system morphology scored using Ahmed’s criteria. *One tooth with code "MP'->"! and one tooth with code
IMP!-3, *One tooth with code 'MP!-, °Eight teeth with code !MP'->"! and four teeth with code 'MP!->-1-2,
4One tooth with code 'MP'"*"! and one tooth with code 'MP!3-2"1, ¢Two teeth with code !MP!. fOne tooth
with code 2MP! M'DB!DL! *P<0.05.
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Feature ‘ N ‘ %

Number of roots
1 185 | 99.46
2 1 0.54

Number of apical foramina

1 68 |36.56
2 51 |27.42
3 29 | 15.59
4 38 [20.43
Location of the apical foramina

Central 70 | 37.63
Lateral 116 | 62.37
Accessory canal

Coronal third 0 | 0.00
Middle third 13 6.99
Apical third 81 |43.55
Both middle and apical thirds 23 | 1237
C-shaped

Coronal third 0 | 0.00
Middle third 13 6.99
Apical third 6 | 3.23
Both middle and apical thirds 36 | 19.35
Isthmus

Coronal third 0 | 0.00
Middle third 36 |19.35
Apical third 18 9.68
Both middle and apical thirds 5 | 2.69
Apical delta 50 |26.88

Table 5. General anatomical features of the analyzed teeth.

Anatomical features. Table 5 shows the general anatomical characteristics of the 186 mandibular first
premolars analyzed in the present study. 99.46% of teeth possessed a single root, and only a tooth had two roots.
In the apical region, a single apical foramen was found in 36.56% of the analyzed teeth, followed by two apical
foramina in 27.42% of teeth, and the apical delta was observed in 26.88% of the analyzed teeth (Fig. 5a). The
most frequent location of the apical foramina was lateral, identified in 62.37% of the analyzed teeth. 62.90% of
teeth presented an accessory canal, being the most frequent location (43.55%) in the apical third of the root.
29.57% of teeth had C-shaped canals, being the most frequent localization (19.35%) in both the middle and api-
cal thirds of the root (Fig. 5b). Besides, 31.72% of the teeth had isthmus.

Discussion

Comprehensive knowledge of the root canal system morphology is crucial for successful endodontic treatment”.
The mandibular first premolar may possess one or more root canals with many configuration patterns; however,
dentists generally look for a single root and a single canal®>%. In this study, the root canal system morphology of
mandibular first premolars showed highly variable and complex anatomy in the Chilean population. Teeth with
multiple root canals had a more complex root canal configuration and a higher frequency of radicular grooves
compared with teeth with a single root canal. Indeed, teeth with multiple root canals frequently possess C-shaped
canals, isthmus, accessory channels, and apical deltas. Furthermore, a direct relationship between the presence
of Tomes’ anomalous root and the internal anatomy of the analyzed teeth was observed.

Vertucci’s classification allowed the identification of four traditional types of root canal configuration in 180
of the analyzed teeth, being the type I the most prevalent (65.05%). Besides, a supplemental configuration type
IX?! was detected in 5 teeth (2.69%), and a configuration Vertucci non-classifiable (1-3-2-1) was detected in 1
tooth (0.54%). A single canal was identified in 65.05% of teeth, and multiple canals were identified in 34.95% of
teeth, which is consistent with previous studies in Chinese populations. Liu et al.® reported single canal detec-
tion in 65.2% of teeth and multiple canal detection in 26.1% of the analyzed teeth, while Dou et al.® reported
64.04% and 35.96%, respectively. Similarly, Alkaabi et al.?? reported the single canal detection in 68% of teeth
and multiple canal detection in 32% of teeth in an Emirati population. Conversely, Pedemonte et al.'® reported
a different detection in the Chilean population, with an incidence of multiple root canal in 16.83% of the ana-
lyzed teeth. The discrepancy with the herein presented data could be explained by the different methods used
for teeth analysis. In the present study, we use the micro-CT technology in order to ensure high visibility of
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Vertucci Type | Vertucci Type VII

Figure 5. Micro-CT images showing the external and internal anatomical features analyzed in mandibular

first premolars. (a) Non-Tomes root (ASUDAS grade 0), containing a single root canal (above, Vertucci’s
classification Type I; below, Ahmed’s criteria 'MP") and the presence of apical delta and multiple apical foramina
in the apical third of the root. (b) Tomes’ root (ASUDAS grade 3), containing multiple root canals (above,
Vertucci’s classification Type VII; below, Ahmed’s criteria !MP!-*"1-2) and the presence of C-shaped canal in

the middle third of the root. MP mandibular first premolar (Images obtained using the CTAn v.1.12 software,
Bruker).

anatomic structures, while Pedemonte et al.'® evaluated the root canal morphology using cone-beam computed
tomography (CBCT). In this context, a recent study established that CBCT is useful for detecting the configura-
tion of the root canal in the mandibular first premolars; however, the obtained image details could be of lower
quality, as compared with micro-CT". Thus, some anatomic details could be left undetected when using CBCT
as compared with micro-CT analysis'.

In the current study, Ahmed’s classification allowed the identification of seven different root canal configura-
tions, being the code 'MP' the most common in 65.05% of analyzed teeth, followed by the code "MP'-? in 24.19%
of teeth. A different number of canal configurations were observed between Vertucci’s and Ahmed’s criteria, and
this is because Ahmedss classification considers the number of roots for coding. Indeed, two of the analyzed teeth
were identified as Vertucci’s supplemental configuration IX (1-3); however, when Ahmed’s criteria were applied,
one tooth was classified as code 'MP'-3, having a single root with three canals (Fig. 6a), and the other tooth was
identified with the code 2MP 'M'D?, having two roots with three canals (one canal in the mesial root and two
canals in the distal root) (Fig. 6b). In previous studies, mandibular first premolars with similar canal configura-
tion types but with different root numbers were classified under the same type using Vertucci’s criteria®*. Thus,
mandibular first premolars with one or multiple roots and three root canals were all identified as Vertucci’s type
VIII®, and maxillary premolars with one or two roots and two separate canals were all identified as Vertucci’s
type VI?. In this sense, Ahmed’s coding system has clear advantages over Vertucci’s classification, due to the fact
that it provides systematic and accurate information on the internal and external configuration of the tooth and
more significant discrimination, especially in a group of teeth with one, two, or more roots. Indeed, Vertucci’s
criteria may not be able to classify very complex configurations, which can be classified by Ahmed’s criteria.

The occurrence of root grooves had not been described in any teeth in the Chilean population. In the present
study, 39.25% of the analyzed mandibular first premolars presented root grooves, similar to the incidence previ-
ously reported in Chinese populations with 40.9%’ and 44.38%® of teeth. However, our results differ from those
reported in the Brazilian population, with 14% of analyzed teeth?*. The presence of deep radicular grooves in
mandibular first premolars has been closely related to the detection of complex internal anatomy’~*'*. Dou et al.®
reported the detection of a multiple root canal system in 70% of teeth with shallow grooves (ASUDAS grade 1),
86.36% of teeth with moderately deep grooves (ASUDAS grade 2), and 100% of teeth with severe deep grooves
(ASUDAS grades 3 and 4). In this study, a multiple root canal system was identified in 42.31% of teeth with shal-
low grooves (ASUDAS grade 1), 95.65% of teeth with moderately deep grooves (ASUDAS grade 2), and 100%
of teeth with severe deep grooves (ASUDAS grades 3, 4, and 5). These results demonstrated a direct relationship
between the severity of the radicular grooves and the detection of complicated root canal morphology in the
mandibular first premolars of the Chilean population.
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Vertucci Type IX (1-3)

Figure 6. Micro-CT images showing the root canal configuration Vertucci’s type IX (1-3) in two teeth
differently classified using Ahmed’s criteria. (a) !MP!-: A single-rooted mandibular first premolar with three
root canals, (b) 2MP 'M'D* A double-rooted mandibular first premolar with three root canals. D distal; M
mesial; MP mandibular first premolar (Images obtained using the CTAn v.1.12 software, Bruker).

The accessory canals and apical deltas are the most complex structures in the root canal system and a con-
siderable challenge to clean, disinfect, and seal during endodontic treatment. Indeed, the presence of an acces-
sory canal is frequently associated with endo-periodontal lesions®. In this study, accessory canals were present
in 62.90% of teeth, with most of them located at the apical third of the root canal, in a similar way to what has
been previously reported®. Nevertheless, the apical delta was identified with a higher incidence in this study
(26.88%) as compared with other studies reporting an incidence of 6.1%° and 10.11%?® in Chinese populations,
and 15.5%! and 16.9%¢ in Turkish populations. Besides, a high presence of multiple foramines was identified
in this study (63.44%), which could be related to the presence of accessory canals and apical deltas in the apical
third of the root canal.

The unpredictable location and anatomic complexity of isthmus make them difficult to clean and disinfect
properly, representing a significant challenge to endodontists?’. Indeed, an isthmus may contain necrotic debris,
tissue remnants, or organic substrates that favor bacterial colonization?. In this study, isthmuses were identified
in 31.72% of analyzed teeth, with most of them located at the middle third of the root canal, which represents
a higher incidence than that reported in other studies also using micro-CT®. Conversely, a similar incidence to
other reports was found for the lateral location of the apical foramen>%, which was 62.37% in this study. On the
other hand, the incidence of C-shaped canals in mandibular first premolars has been reported in other popu-
lations with variable frequency, ranging from 12.36%°® to 24%'*. Compared to those studies, herein, a higher
incidence of C-shaped canals was observed, being identified in 29.57% of the analyzed teeth.

The variability in the external and internal anatomy of the mandibular first premolar observed between
the studies can be attributed to the genetic determinants, ethnicity, and geographical origin of the analyzed
population*. From a clinical perspective, the wide range of anatomical variations of the mandibular first pre-
molar described in this study in the Chilean population represents a remarkable task to endodontists. Indeed,
a major reason for endodontic treatment failure is the inability to locate, debride, shape, and obturate a second
or third canal in teeth with multiple-canal system®. Besides, C-shaped canals, isthmus, and accessory canals
have an irregular and complex morphology, which is not compatible with the preparations provided by rotary
instrumentation systems and frequently requires the use of complementary irrigation systems and intracanal
medication®*?!. In this study, the analysis using micro-CT allowed us to obtain a detailed description of the root
canal system morphology of the mandibular first premolar, using Vertucci’s, Ahmed’s, and ASUDAS classifica-
tions. The data reported in this study may provide endodontists a more comprehensive understanding of the
anatomy of this tooth, contributing to the achievement of successful endodontic treatments.

Conclusions

The root canal system morphology of mandibular first premolars showed a wide range of anatomical variations
in the Chilean population. Ahmed’s criteria allowed us to classify the internal anatomy of the root canal in a
more precise and practical way than Vertucci’s criteria. According to Ahmed’s criteria, the code 'MP! was the
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most prevalent among the analyzed teeth. Teeth with multiple root canals had a higher incidence of radicular
grooves and a more complex morphology compared with teeth with a single root canal. Besides, the presence of
radicular grooves was closely related to a more complex internal anatomy, and only teeth with multiple root canals
presented Tomes’ anomalous root. Therefore, there is a close link between the external anatomical characteristics
and internal complexity of the root canal system in the mandibular first premolars.
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