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Influence of anatomical features in
the endodontic treatment planning of
maxillary anterior teeth

Abstract: This study evaluate the maxillary anterior teeth anatomy by
micro-computed tomography (LCT), about relevant characteristic for
endodontic treatment planning. Fifty maxillary central incisors (MCI),
lateral incisors (MLI) and maxillary canines (MC) were scanned using
a uCT device. Two and three-dimensional parameters at 1 to 5Smm
distance to the apical foramen, external anatomic characteristics of the
teeth and qualitative analysis of the internal anatomy was performed.
The roundness and form factor values revealed a circular canal in
the apical third in the MCI and MC, whereas MLI showed flattening
in the apical third. The linear regression test indicated a progressive
increase in the major/minor diameters in the five mm assessed
(p < 0.001). The 3D analysis revealed the greatest volume and surface
area in MC. The SMI showed a cylindrical geometry of root canals.
All teeth presented Vertucci’s type I root canal configuration. A mild
curvature was prevalent in the MCI (45%) and a moderate one in the
MLI (50%) and MC (50%). Palatal shoulder volume was smaller in the
MLI (11.46 * 3.09) than in the MCI (14.15 + 3.85) and MC (13.95 # 2.55).
The most common exit of main apical foramen was in a central (22%),
distolingual (30%) and mesiobuccal position (28%) for MCI, MLI and
MC, respectively. Radicular grooves were observed in 2% of MCI and
4% of MLI Two and three-dimensional data obtained by uCT allowed
to observe morphological characteristics of internal/external anatomy
of the maxillary anterior teeth. These characteristics may affect the
endodontic treatment planning.

Keywords: Endodontics; X-Ray Microtomography; Dental Pulp Cavity;
Root Canal Therapy; Tooth.

Introduction

The success of endodontic treatment depends directly on cleaning and
disinfection, modeling and three-dimensional obturation of the root canal
system (RCS).** Knowledge of the three-dimensional morphology of the
RCS is a prerequisite for successful endodontic treatment, as it helps to
identify anatomical variations such as lateral canals, accessory canals and
canal isthmus. This assessment contributes to the diagnosis and treatment
protocol, ensuring adequate biomechanical preparation of the root canals
and controlling etiological factors related to apical periodontitis.*”
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Influence of anatomical features in the endodontic treatment planning of maxillary anterior teeth

Micro-computed tomography (uCT) has allowed
for the advancement of diagnosis and planning,
as well as endodontic treatment, since it allows for
three-dimensional qualitative and quantitative
study of the RCS, and the ex vivo study of the
external anatomy of different tooth groups in a
non-destructive way.>*#

In recent years, anatomical studies have been
carried out using pCT to study different tooth
groups or specific conditions such as double-rooted
mandibular canines, four-rooted maxillary second
molars, single-rooted mandibular canines, enamel
pearls, oval root canals, deciduous teeth, mandibular
incisors, mandibular first molars with three roots,
mandibular/maxillary premolars, and mandibular/
maxillary molars.>*#1

However, two- and three-dimensional quantitative
morphological studies and qualitative analysis of the
internal and external anatomy of maxillary anterior
teeth have not yet been reported in the literature.
Thus, the aim of the study was to evaluate two- and
three-dimensional morphometric aspects of the
internal and external anatomy of maxillary central,
lateral incisors and canines using pCT.

Methodology

The sample size calculation was performed by
G*Power 3.1.9.2 software (Heinrich Heine-Universitét,
Diisseldorf, Germany), using F and ANOVA statistical
tests for fixed effects, special, main effects and
interaction. The type of power analysis was a priori:
Compute required sample size - given o, power,
and effect size, and the imput fixed parameters
were effect size f = 0.5, error type a = 0.05, statistical
power B = 0.8, numerator degrees of freedom = 3,
and number of groups = 3. The output parameters
showed a minimum estimated sample size of 48. So,
a sample size of 50 specimens (n = 50) was chosen
for each dental group.

After approval by the Research Ethics Committee
(Protocol No 0072.0.138.000-09), 150 teeth (50 maxillary
central incisors, 50 maxillary lateral incisors and 50
maxillary canines), with complete rhizogenesis, root
structure, and tooth crowns with complete or partially
intact incisal edges were obtained from a biobank and
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maintained in 0.1% thymol solution. The teeth were
washed in running water for 24 h and their external
root surface was cleaned by ultrasonic scraping (Profi
II Ceramic, Dabi Atlante Ltda., Ribeirdo Preto, Brazil).
Next, the teeth were stored in 1% NaCl solution for
2 h to remove the remaining pulp tissue from the
RCS to prevent interferences in the processing of
the uCT images.

The teeth were scanned in a pCT scanner (SkyScan
1174 v.2; Bruker-microCT, Kontich, Belgium) at an
isotropic resolution of 26.70 um, 50 kV, 800 pA, rotation
of 180° step rotation of 1 and 0.5-mm aluminum
filter, resulting in a total of 195 projections. The
two-dimensional projections obtained from each
specimen were reconstructed using NRecon v.1.6.6.0
(Bruker-microCT, Kontich, Belgium) using ring
artifact reduction of 5 (0-20 scale), beam hardening
correction of 40% (0 to 100%), smoothing correction
of 3 (0-10 scale) and histogram ranging from 0.001
(minimum value) to 0.15 (maximum value) with 999
cross-sections images.

Internal anatomy analysis

The Individual Object Analysis (2D space) tool from
CTAn v.1.13.5.1+ (Bruker microCT, Kontich, Belgium)
was used for image processing and analysis. The area
(mm?), perimeter (mm), roundness, form factor (FF),
major diameter (mm) and minor diameter (mm) were
obtained from the root canals at 1, 2, 3, 4 and 5 mm
from the apical foramen.

CTVol v.2.2.3.0 (Bruker-microCT, Kontich, Belgium)
was used for visualization of three-dimensional
models for the qualitative analysis of the internal
and external anatomy. The analysis of the internal
anatomy of different morphological types of the RCS
was performed using Vertucci’s" classification of
canal morphology and the additional classifications
discussed in the literature that present a total of 37
types of root canal configurations.?'21315

Adapting the method proposed by Schneider,'
the apical curvature of the root canal was analyzed
using DataViewer v.1.5.0, which allows simultaneous
visualization of three orthogonal planes to select the
coronal section of the root canal with reference to the
sagittal plane that passes through the center of the
buccal cusp to the root apex. After the selection, the
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apical curvature angle formed by the intersection
between the straight line along the long axis of the
root canal and the straight line that passes through
the exit of the apical foramen was evaluated in
CTAn using the measure tool. The curvature angle
was classified as slight curvature (< 10°), moderate
curvature (between 10° and 25°) and severe curvature
(> 25°) (Figure 1A).

The qualitative analysis of the axial sections of the
root canals in the cervical, middle and apical thirds

A A

C
B
DB MB
D M
DP MP
P

3 mm

was carried out in DataViewer. The location of the
palatal shoulder was observed through longitudinal
cuts in DataViewer. The quantitative analysis of
the palatal shoulder volume was used in CTAn to
determine the volume of interest in the dentin region
that corresponds to 3 mm in the vertical dimension
from the CE]J in the apical; the mesiodistal direction
was established based on the margins of the root
canal. After establishing the volume of interest of
dentin that corresponds to the palatal shoulder, the

VoI

AGS

CGS

Figure 1. (A) Angle of apical curvature of the root canal (o) formed by the intersection between the dotted line that runs along the
long axis of the canal and the continuous line that runs through the exit of the apical foramen, measured in the microcomputed
tomography based on the method of Schneider.' (B) Region of interest (ROI) selection of the cervical shoulder region for volume
calculation. (C) Apical foramen position classification: B - buccal; MB - mesiobuccal; M - mesial; MP - mesiolingual; P-lingual;
DP - distolingual; D - distal; DB - distobuccal. Circle in red represents the center position. (D) Anatomical reference landmarks:
cervical groove section (CGS), apical groove section (AGS), cross-section corresponding to half of the radicular groove extension
(M), 2 mm above the central section (M + 2), T mm above the central section (M + 1), 2 mm below the central section (M - 2),

1 mm below the central section (M - 1).
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volume, surface area and structure model index (SMI)
was carried out (Figure 1B).

External anatomy analysis

CTAn was used to analyze the total tooth length
(root apex to the incisal edge on the buccal surface);
total crown length (CEJ to the incisal edge on the buccal
surface); total root length (root apex to the limit of
the CEJ on the buccal surface); crown dimensions in
the mesiodistal direction, incisal edge and cingulum
in the buccal-palatine direction in the anatomical
region, and the distance from the apical foramen to
the anatomic apex.

CTVoxv.2.2.1.0 (Bruker-microCT, Kontich, Belgium)
was used to carry out the qualitative analysis of the
position of the foramen of the following surfaces:
buccal, palatine, mesial, distal, mesio-buccal,
mesiopalatal, distobuccal, distopalatal and central
surfaces (Figure 1C).

The analysis of the apical foramen (structure that
separates the canal termination from the external root
surface) and apical constriction (apical portion of the
root canal that has a minor diameter that sometimes
coincides with the junction between the dentin and
cementum) was carried out in CTAn to compare
the two-dimensional morphometric parameters of
roundness, major and minor diameter.

The presence of radicular grooves was evaluated
using CTAn by measuring the cervical extension of
the groove (SCS) to the apical extension of the groove
(SAS) and groove depth using the Measure Tool. The
depth measurements were performed on the root
surface in 5 pre-established cross-sections from the
cross-section corresponding to half the extent of the
radicular groove (M); 2 mm above the central section
(M + 2); 1 mm above the central section (M + 1); in the
central section (M); 2 mm below the central section
(M - 2) and 1 mm below the central section (M - 1)
(Figure 1D).

Statistical analysis

Statistical analysis was performed using InStat,
v.3.06 (GraphPad Software, La Jolla, USA). The data
for each parameter underwent the Kolmogorov-
Smirnov statistical test to verify normal distribution.
The significance level was set at 0.05. Due to normal
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distribution of the data, one-way ANOVA and
Tukey post-hoc test were used to compare the three
groups of teeth for each parameter. Simple linear
regression was used to determine the influence
of apical foramen distance on the parameters that
were assessed.

Results

Anatomy assessment of the root canals

Table I shows the mean and standard deviation
values of the two-dimensional parameters (area,
roundness, form factor, major and minor diameter)
in central, lateral incisors and maxillary canines.
No statistical difference was observed between
the central, lateral incisors and maxillary canines
(p > 0.05) in terms of area (Table 1). The simple linear
regression test revealed that the area presented similar
gradual increases of 0.08 mm? for central incisors and
canines and 0.10 mm? for lateral incisors for each mm
increment distance from the apical foramen (p < 0.001)
(Figure 2I). As for the perimeter, the values of lateral
incisors were higher at 3 and 4 mm from the apical
foramen compared with central incisors and canines
(p < 0.05) (Table 1). Linear regression revealed that
the perimeter showed gradual increases of 0.27 mm
for central incisors, 0.35 mm for lateral incisors and
0.29 mm for canines for each mm increment distance
from the apical foramen (p < 0.001) (Figure 2II).

The mean values of roundness and form factor
showed a circular tendency of the roots in central
incisors and canines with a slight tendency to
flattening in the maxillary lateral incisors (Table 1).
This tooth group presented the lowest values of
roundness and form factor in the 5 apical millimeters
evaluated (p < 0.05) (Table 1). Linear regression
showed that both roundness and form factor remained
constant for central, lateral incisors and maxillary
canines in the 5 apical millimeters evaluated (p> 0.05)
(Figures 2III and 21V).

Regarding the diameters, the mean value of the
major diameter at 1 mm from the apical foramen
was close to the mean value of the minor diameter in
both central incisors and canines, unlike the lateral
incisors in which the major diameter was approx. 1.5
times the minor diameter, confirming the flattening of
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Table 1. Mean + standard deviation values of two and three-dimensional morphometric analysis of: area, perimeter, roundness,
form factor, major and minor diameters, volume, surface area and SMI in maxillary central and lateral incisors and canines.

Distance

from Perimeter Maijor Minor Volume Surface
Tooth ) Area (mm?) Roundness  Form factor diameter diameter g area SMI
apical (mm) (mm) (mm) (mm3) (mm?)
foramen

Tmm 0.16+0.07° 1.49+0.38 0.77=0.06° 0.87 =0.05° 0.50 = 0.13® 0.41 = 0.10°
2mm 020017 1.68 +046° 0.75+0.10° 0.86 =0.06° 057 =0.17° 0.46 =0.11¢

MCI 3mm  0.31 +£020° 2.00=0.57® 0.76 +0.12° 0.85=0.07¢ 0.68 = 0.21®® 0.52 = 0.13¢

840 4229+ 251 =
4.62° 13.28° 0.91°

4mm 037019 227 *=061® 0.76 £0.11° 0.84 £0.07¢ 0.77 =0.21* 0.60 = 0.17¢
5mm 047 =025 255=0.69®° 0.75+0.10° 0.85=0.07¢ 0.87 =0.24> 0.67 =0.17¢
Tmm 016=0.11a 1.53+0.57° 0.64 =0.15> 0.81 =0.10° 0.56 = 0.24> 0.36 = 0.11°
2mm 022 +0.16° 1.76 +0.65 0.61 £0.13> 0.79 =0.08" 0.65 = 0.25° 0.40 = 0.14¢

MLI 3mm 031 +021¢ 2.11 +0.70> 0.63+0.13> 0.80=0.08" 0.77 =0.27° 0.48 = 0.15¢

793+ 3995+ 260 =
3.57° 8.50° 0.41°

4mm 043 +027° 2.53+081% 0.62=0.14c 0.78 £0.09> 091 =0.30° 0.56 = 0.17¢
5mm 054 +031¢ 290+0.79° 0.63+0.16> 0.76 =0.12< 1.04 =0.30° 0.65 = 0.20¢
Tmm 0.14=008 135+0.3% 0.73=0.10© 0.87 =0.05° 0.47 +0.13* 0.37 =0.10°
2mm  0.18+0.11¢ 1.60 +0.49° 0.74+0.11° 0.86 =0.06° 0.55=0.18> 0.43 +=0.13¢

MC 3mm 024 =015 181 +0.63 0.74=0.12° 0.86 =0.07° 0.63 +0.24> 0.49 =0.15°

1446 £ 6620+ 228«
5.27° 18.82° 0.81°

4mm 033+022 215+0.77° 0.70=+0.11® 0.84 =0.07¢ 0.75+=0.2%> 0.55+0.18°
5mm 044 +027° 2.52+0.83> 0.67+0.13> 0.81 =0.08 0.89 =0.32° 0.60 = 0.19°

Different letters indicate statistical difference between rows (Tukey Test, p < 0.05).

these root canals (Table 1). Linear regression showed
a progressive increase in major and minor diameters
at the five evaluated levels (p < 0.001), with increases
of 0.09 mm and 0.07 mm for central incisors; 0.12 mm
and 0.07 mm for lateral incisors and 0.11 mm and 0.06
mm for canines (Figures 2V and 2VI).

The morphometric analysis of the three-
dimensional models of root canals showed that the
mean volume and surface area in canines (14.46
5.27 mm? and 66.20 * 14.82 mm?) was significantly
higher (p < 0.05) than that of central incisors (8.40 +
4.62 mm?®and 42.29 + 13.28 mm?) and lateral incisors
(793 £ 3.57 mm? and 39.95 £ 8.50 mm?), which were
statistically similar to each other. Mean SMI values
of 2.51 £0.91, 2.60 + 0.41 and 2.28 + 0.81 were found
for central, lateral incisors and canines, respectively,
suggesting a three-dimensional geometric shape with
a slightly higher cylindrical trend for the former two
groups (Table 1), but differences were not significant.

The three-dimensional models showed that
100% of the central, lateral incisors and maxillary
canines could be classified according to Vertucci’s*
classification of canal morphology. Type I was the only

classification found in all the tooth groups evaluated
(Figure 3A-B). Analysis of the axial sections of the
root canal revealed that central incisors and maxillary
lateral incisors were predominantly circular with
tendency for flattening in the apical third (Figures
3A-I and 3B-II). On the other hand, the axial section
of maxillary canines showed the presence of oval-
shaped canals in the cervical and middle thirds, with
alonger diameter in the buccal-palatine direction in
the middle third of the root, and a decreased flattening
in the apical third. In addition, decentralized root
canals and decreased dentin thickness in the apical
region of teeth presenting an accentuated curvature
were observed (Figure 3C-III).

The apical curvature angle of the root canal in
central incisors showed a higher incidence of slight
curvature (45%) compared with lateral incisors
and canines, which showed a higher incidence of
moderate curvature (50%) (Figure 4). The longitudinal
sections showed that the location of the palatine
shoulder in the three tooth groups evaluated was
more prominent in the canine group (Figure 5).
Quantitative analysis showed that a lower mean
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Figure 2. Analysis of correlation between two-dimensional parameters and the distance from the apical foramen (mm) for maxillary central
(A) and lateral (B) incisors and canines (C). (I) Area; (Il) Perimeter; (Ill) Roundness; (IV) Form factor; (V) Major diameter; (VI) Minor diameter.
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Figure 3. Root canal system internal anatomy according to Vertucci’s classification.

A 41%
45%
B 50%
25%
C 50%
25%
M Severe B Moderate M Mild

Figure 4. Percentage of each type of curvature observed in maxillary anterior teeth: (A) central incisors, (B) lateral incisors and (C)
canines. (I) mild curvature; (Il) moderate curvature and (lll) severe curvature.
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Figure 5. Longitudinal sections showing the location of the cervical shoulder (yellow arrows) in maxillary anterior teeth: (A) central

incisors; (B) lateral incisors and (C) canines.

Table 2. Volume (mm?3) of dentin (Mean = SD) in the region
of cervical shoulder.

Variable MCI (mm?3) MLI (mm3) MC (mm?3)

Cervical

1415 +£3.85° 11.46 +3.09° 13.95 + 2.55¢
shoulder

Different letters indicate statistical difference between columns
(Tukey Test, p<0.05)

volume of the palatal shoulder was found in maxillary
lateral incisors (p < 0.05) in relation to the central
incisors and canines, which presented similar values
(p > 0.05) (Table 2).

External anatomy analysis

The mean values and standard deviations of total
tooth length, root length, crown height, and distance

8 Braz. Oral Res. 2022;36:e005

from the apical foramen to the anatomic apex are
shown in Figure 6 (A- Central incisors; B- Lateral
incisors; C- Canines).

The presence of central incisors with shovel-
shaped crowns was observed in 88.5% of the sample,
distributed as follows: 65.4% were shovel-shaped
crowns, 17.3% were double shovel-shaped crowns,
and 38.5% were shovel-like crowns. The presence
of finger-like crowns was observed in 1.9% of the
teeth evaluated. For the lateral incisors, the presence
of shovel-shaped crowns was observed in 100%
of the sample, distributed as follows: 63.0% were
shovel-shaped, 22.2% were double shovel-shaped,
and 3.7% were shovel-like. The presence of finger-
like was also observed in 11.1% of the teeth evaluated.
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0.45 = 0.29

13.60 = 1.80
23.35 = 2.05

10.46 = 1.03

0.45 +0.30
0.55 +0.33

+1.37

13.01
16.41 = 1.67

21.77 =2.28
+1.93

26.59

9.83+1.15
10.24 = 0.91

Figure 6. Volume rendering showing the mean values of distances (mean =+ SD) of total tooth length, root length, crown height,
and perpendicular distance from the apical foramen to the anatomic apex in maxillary anterior teeth (mm): (A) central incisors; (B)

lateral incisors and (C) canines.

A B B B
DB 10% MB DB 2%
10% 12% 6%
D 14% 22% 10% M D 6% 22%
10% 6% 30%
6% mp 6%
DP DpP
P P

C B

MB DB 29% MB

2% 6% 2%
10% M D 6% 22% 10% M

16% 30% 16%

MP 6% MP

DP
P

Figure 7. Percentage of the position of the apical foramen in maxillary anterior teeth: (A) central incisors; (B) lateral incisors and
(C) canines. The circle in red represents the central region of the root apex. B: buccal position; DB: distobuccal position; D: distal
position; DP: distolingual position; P: lingual position; MP: mesiolingual position; M: mesial position; MB: mesiobuccal position.

Analysis of apical foramen

In maxillary central incisors, the apical foramen
was located in the central region of the root apex
in only 22% of the teeth (Figure 7A). In maxillary
lateral incisors, the apical foramen was located in the
distopalatal region of the root apex in most cases (30%),
with a lower incidence (2%) in the buccal and mesio-

buccal regions (Figure 7B). In the maxillary canines,
the highest (28%) and lowest (2%) incidence were
found in the mesio-buccal and distopalatal regions,
respectively (Figure 7C). In the central incisors and
canines, the canal in the region of apical constriction
(minor foramen) presented a more circular shape
compared with the canal form in the apical foramen

Braz. Oral Res. 2022;36:e005 9
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(major foramen) (p < 0.005) (Table 3). In addition, the
major diameter in canines increased as it was more
distant from the apical constriction towards the apical
foramen (p<0.005) (Table 3). In the maxillary lateral
incisors, no statistical difference was found among
the parameters evaluated (p> 0.05) (Table 3).

Table 3. Two-dimensional morphometric analysis of
roundness, major and minor diameter (mean * standard
deviation) of the root canal in the apical constriction and in
the apical foramen of maxillary central and lateral incisors
and canines.

Variable Api'co! Apical
constriction foramen
MCI
Roundness 0.77 £ 0.06° 0.67 +0.12°

0.50 £0.13>= 0.51 £0.15¢
0.41 =£0.10c 0.37 £0.11°

Major diameter (mm)
Minor diameter (mm)
MLI
0.64 = 0.15¢° 0.65 += 0.13¢
0.56 = 0.24° 0.54 + 0.23¢
0.36 £ 0.11¢  0.36 = 0.12¢

Roundness

Maijor diameter (mm)

Minor diameter (mm)
MC
0.73 £0.10°  0.65 = 0.14>
0.47 =0.13° 0.54 +£0.19°
0.37 £ 0.10°  0.36 = 0.09°

Different letters indicate statistical difference between columns
(Tukey Test, p < 0.05).

Roundness
Maijor diameter (mm)

Minor diameter (mm)

Assessment of radicular grooves

Radicular grooves were observed in 4% of the
maxillary central incisors, of which 50% were located
on the buccal surface and 50% on the distal surface
(Figure 8). In the maxillary lateral incisors, the
incidence was 8%, of which half were located on the
mesial surface and half on the distal surface (Figure
8). In both central and lateral incisors, the origin of
100% of grooves began in the enamel (Figure 8).
The grooves were deeper in the cross-section that
corresponded to half the total extent of the groove
(M) for maxillary central incisors (0.28 + 0.04 mm).
In the maxillary lateral incisors, the deepest grooves
were 2 mm above (M + 2) the central section of the
groove (M). In addition, radicular grooves in maxillary
lateral incisors presented a higher total mean length
compared with the maxillary central incisors (Table 4).

Discussion

The quantitative analyses of the two-dimensional
parameters evaluated in this study showed that,
regarding roundness and form factor, the root canals
of the central incisors and maxillary canines were
more circular compared with the maxillary lateral
incisors, which present a slight tendency to flatness.
This might be attributed to the higher incidence of
root curvature in the apical third of this dental group.

Figure 8. Qualitative distribution and location of radicular grooves in maxillary central and lateral incisors. The arrows indicate

the presence of radicular grooves in the mesial and distal faces.
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Table 4. Descriptive analysis of radicular grooves in maxillary
central and lateral incisors and canines.

Radicular grooves

Teeth
Landmarks Depth (mm) Length (mm)
M-2 0.13 = 0.01
M-1 0.21 = 0.00
MCI M 0.28 + 0.04 4.38 = 0.53
M+1 0.26 =0.10
M+2 0.26 = 0.08
M-2 0.22 = 0.07
M-1 0.22 = 0.07
MLI M 0.22 + 0.09 4.80 = 0.12
M+1 0.24 =0.11
M+2 0.27 = 0.08
MC No grooves

Thus, the tendency to flattening in the root canals
may hinder biomechanical preparation, effective
cleaning and, consequently, root canal filling.”

The tendency for canal flattening in the apical third
of the lateral incisors was reflected in the difference
between the major and minor diameter, which was
higher than that of the central incisors and maxillary
canines. Although canals presented a greater tendency
for roundness, the difference between the major
and minor diameters must be considered during
biomechanical preparation, since instrumentation in
the major diameter canals can lead to the occurrence
of lateral perforations before completing necessary
instrumentation.? In the minor diameter direction of
the root canals, instrumentation may be insufficient,
making cleaning impossible. In this context, it is
important to determine the clinical anatomical
diameter prior to the biomechanical preparation,
since it indicates the amount of instrumentation that
should be performed in the apical region.

Another point that must be highlighted is the
increase in the difference between the major and
minor diameters along the levels that were evaluated,
which could be observed mainly in lateral incisors
and canines, presenting a significant increase in
taper. However, despite a more accentuated taper, the
difference between the taper of the major and minor
diameters in central incisors was more discreet. This

data is important when planning biomechanical
preparation as instruments with different tapers
and/or kinematics must be used to allow greater
surface contact of the instrument.”””® According to
Buchanan,!” one must be aware of the anatomical
differences of each third of the root canal to optimize
the function of each instrument.

The analysis of the three-dimensional parameters
showed that the highest volume and surface area
were found in the root canals of maxillary canines,
while the lower mean values were observed in
lateral incisors. The SMI values were similar in
central, lateral and canine incisors, evidencing the
three-dimensional cylindrical shape of the RCS in
maxillary anterior teeth.

As for the qualitative analysis of the three-
dimensional models, 100% of the central, lateral
incisors and maxillary canines evaluated in the present
study showed a type I morphological pattern according
to Vertucci's" classification. These data corroborate the
studies by Vertucci?, Vertucci* and Caliskan et al.?®
who found type I root canal configuration in 100%
of the central, lateral incisors and maxillary canines.
However, the literature shows the presence of two or
more canals in 0.6 to 4.2% of central incisors, 2.9% to
6% of lateral incisors and 1.2% to 11.6% of maxillary
canines.

We found that all evaluated root canals presented
curvature in the apical third, indicating lateral
exit of the apical foramen. The data on apical
curvature of the root canal showed moderate to
severe curvature in more than 50% of central,
lateral incisors and canines. The data obtained in
the present study are in accordance with the study
by Willershausen et al.?! who, using radiographic
analysis, found mild and moderate curvature in
100% of the maxillary anterior teeth studied.

As for root curvature, despite the frequency of
straight roots (61%) in central incisors, morphological
variations are present, and they are a challenge to
the dentist. Lateral incisors and canines showed a
prevalence of accentuated curvature to the distal
portion (58% and 55% respectively), which is in
agreement with the literature that maxillary central
incisors usually have straight roots with little or no
inclination, while lateral incisors and canines present
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a more accentuated curvature to the distal portion
following the curvature of the dental arch.?** It should
be noted that most of the root canals are curved in
their apical portion and this anatomical finding
may not be identified in conventional radiography
due to anatomical overlap; thus, only the anatomical
features in the mesiodistal direction can be observed,
compromising visualization of the characteristics in the
buccolingual direction.” Thus, the results presented
in this study enable the dental surgeon to understand
instrumentation access to the critical apical region
which, due to curvatures, can be challenging. Most of
the time, a lack of experience, professional negligence
and iatrogenesis results in surgical accidents such as
excessive wear, perforations, steps, apical deviations,
and possible instrument fracture due to the stress
caused by the curvature.* 2%

A common anatomical feature in maxillary anterior
teeth observed in this study is the presence of the
palatal shoulder, which was more prominent in
canines compared with central and lateral incisors
in the qualitative analysis, corroborating the higher
values of dentin volume in this region of the shoulder,
along with central incisors. The projection of dentin
into the cervical palatine region makes the correct
localization and biomechanical preparation of the
root canals difficult, since it prevents the instruments
from reaching the palatine wall,?®* favoring the
accumulation of dentinal scrapings and necrotic
material that can lead to the failure of the endodontic
treatment in anterior teeth.1?332 Thus, in these cases,
cervical preparation to remove the palatal shoulder
is of fundamental importance.

The results of the external analysis revealed that
the highest mean of total tooth length was for canines,
followed by central incisors and lateral incisors.
Regarding crown height, central incisors and canines
presented the highest mean values compared with
lateral incisors, as reported by other authors.'34!>1

Although the distribution of the position of the apical
foramen observed in this study was heterogeneous
between the central, lateral incisors and canines,
most were lateral to the root surface (mesial, distal,
mesio-buccal, mesiopalatal, distobuccal, distopalatal,
buccal and palatine roots). This observation is in
agreement with the literature that shows that, in
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most cases, the apical foramen is in a lateral position
to the anatomic apex.’*%3* However, other authors
reported that the apical foramen may coincide with
the anatomic apex in 6.7% to 46% of the cases.*4?>%
The classic concept of the apical root anatomy is
based on three anatomical and histological points:
apical constriction, dentin-cementum junction and
apical foramen.* Apical constriction is the anatomical
point where, theoretically, it is the desirable limit
for biomechanical preparation,® but it presents
morphological variations that make its identification
unpredictable.”” The dentin-cementum junction is
located approximately 1 mm from the apical foramen
and it may not coincide with apical constriction.

In this study, the values found for the major and
minor diameter of the canal approximately correspond
to instruments #50 - #55 for major diameter and #35
- #40 for minor diameter and they have implications
on the cleaning and shaping procedures. However,
these diameter values, except for the major diameter in
canines, did not present statistical differences compared
with the diameters evaluated in the apical foramen,
which may interfere with the reliability of the apical
locators when determining the working length, since
the diameter of the apical foramen has been reported
as an important factor for equipment performance.®

Another important characteristic observed in
the external anatomy analysis was the presence of
radicular grooves at different lengths and locations.
Radicular grooves or depressions are reported as
developmental morphological defects on the surface
of the dental root that act as a predisposing factor
for periodontal disease.* In the present study, the
presence of radicular grooves was observed in 4%
of the central incisors and 8% of the lateral incisors.
These grooves began in the cervical region of the
crown and were located on the buccal, mesial and
distal surfaces. The literature reveals that the presence
of radicular grooves in central and lateral incisors
ranges from 0.6 to 11.1% of cases. In addition, in most
cases, these grooves are located on the buccal, mesial
and distal surfaces, starting at the coronal region,
in enamel, extending throughout the root surface,”
supporting the results found in this study.

It should be taken into account that the presence of
radicular grooves can favor retention and accumulation
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of bacteria, which can lead to the periodontal and
endodontic diseases.* Simon et al.*reported that in
case of pulp necrosis of the RCS, bacteria can reach
the radicular grooves due to the reduced thickness
of dentin in the deepest groove region, which can
lead to the development of periodontal lesions of
endodontic origin. Thus, because the radicular
grooves in anterior teeth start in the coronal portion,
they contribute to the clinical diagnosis and are
paramount for successful treatment.

The data presented on the internal anatomy and
external dental anatomy of the RCS in this study
do not differ from the studies conducted with other
traditional methods for this type of study. However,
uCT provides two- and three-dimensional geometric
parameters of area, roundness, form factor, diameters,
volume, surface area, SMI, among others, which cannot
be obtained with other evaluation techniques.> 4>+
It provides information that can help predictability
and treatment planning, and aid in the selection of
anterior teeth for ex-vivo studies, since the two- and
three-dimensional data using stratified proportional
sampling technique ensure the standardization of
the sample in each group.**

According to De-Deus,* who states that high-
resolution microtomography can provide homogeneous
distribution of the sample and consequently improve
the validity of the experiment, the morphometric
data obtained by puCT analysis in this study may
contribute to the knowledge of anatomy and variations,
since these teeth are commonly used as samples in

References

studies in the field of Endodontics, particularly in
mechanical tests.**

Therefore, the data obtained in laboratory scientific
research, together with the information obtained by
the clinical radiographic examinations, allow the
dental surgeon to recognize the type of root and root
canal anatomy and variations and choose the best
clinical protocol for biomechanical preparation and
obturation of the RCS, thus contributing to successful
endodontic treatment.

Conclusions

Overall, based on the results obtained in this study,
it may be concluded that quantitative and qualitative
two- and three dimensional morphometric analysis
of the internal and external anatomy of maxillary
anterior teeth, allow the clinician to recognize the
anatomical variations present and decide on the
most appropriate endodontic protocol, in search of
successful treatment.

Acknowledgement

We gratefully acknowledge financial supported
by the Coordination for the Improvement of Higher
Education Personnel (Capes-Brazil) (Process
n® 33002029032P4). Ruben Pauwels is supported by
the European Union Horizon 2020 Research and
Innovation Programme under the Marie Sklfodowska-
Curie Grant agreement number 754513 and by Aarhus
University Research Foundation (AIAS-COFUND).

1. Ahmed HM, Ibrahim N, Mohamad NS, Nambiar P, Muhammad RF, Yusoff M, et al. Application of a new system for classifying root and

canal anatomy in studies involving micro-computed tomography and cone beam computed tomography: explanation and elaboration. Int

Endod J. 2021 Jul;54(7):1056-82. https://doi.org/10.1111/iej.13486

2. Versiani MA, Pécora JD, de Sousa-Neto MD. Flat-oval root canal preparation with self-adjusting file instrument: a micro-computed
tomography study. J Endod. 2011 Jul;37(7):1002-7. https://doi.org/10.1016/j.joen.2011.03.017

3. Candeiro GT, Teixeira IMMD, Barbosa DAO, Vivacqua-Gomes N, Alves FR. Vertucci’s root canal configuration of 14,413 mandibular
anterior teeth in a Brazilian population: a prevalence study using cone-beam computed tomography. J Endod. 2021 Mar;47(3):404-8.

https://doi.org/10.1016/j.joen.2020.12.001

4. Vertucci FJ. Root canal morphology and its relationship to endodontic procedures. Endod Topics. 2005 Aug;10(1):3-29.

https://doi.org/10.1111/1.1601-1546.2005.00129.x

5. Cantatore G, Berutti E, Castellucci A. Missed anatomy: frequency ad clinical impact. Endod Topics. 2009 Feb;15(1):3-31.

https://doi.org/10.1111/j.1601-1546.2009.00240.x

Braz. Oral Res. 2022;36:e005 13



Influence of anatomical features in the endodontic treatment planning of maxillary anterior teeth

6. Swain MV, Xue J. State of the art of Micro-CT applications in dental research. Int J Oral Sci. 2009 Dec;1(4):177-88.
https://doi.org/10.4248/1JOS09031
7. Almeida MM, Bernardineli N, Ordinola-Zapata R, Villas-B6as MH, Amoroso-Silva PA, Branddo CG, et al. Micro-computed tomography
analysis of the root canal anatomy and prevalence of oval canals in mandibular incisors. J Endod. 2013 Dec;39(12):1529-33.
https://doi.org/10.1016/j.joen.2013.08.033
8. Versiani MA, Pécora JD, Sousa-Neto MD. Root and root canal morphology of four-rooted maxillary second molars: a micro-computed
tomography study. J Endod. 2012 Jul;38(7):977-82. https://doi.org/10.1016/].joen.2012.03.026
9. Bueno MR, Estrela C, Azevedo BC, Junqueira JLC. Root canal shape of human permanent teeth determined by new cone-beam
computed tomographic software. J Endod. 2020 Jun 8:50099-2399(20)30348-4. https://doi.org/10.1016/.joen.2020.05.014
10. Filpo-Perez C, Bramante CM, Villas-Boas MH, Duarte MAH, Versiani MA, Ordinola-Zapata R. Micro-computed tomographic
analysis of the root canal morphology of the distal root of mandibular first molar. J Endod. 2015 Feb;41(2):231-6.
https://doi.org/10.1016/j.joen.2014.09.024
11. Souza-Flamini LE, Leoni GB, Chaves JF, Versiani MA, Cruz-Filho AM, Pécora JD, et al. The radix entomolaris and
paramolaris: a micro-computed tomographic study of 3-rooted mandibular first molars. J Endod. 2014 Oct;40(10):1616-21.
https://doi.org/10.1016/j.joen.2014.03.012
12. Ahmed HM, Hashem AA. Accessory roots and root canals in human anterior teeth: a review and clinical considerations. Int Endod J.
2016 Aug;49(8):724-36. https://doi.org/10.1111/iej.12508
13. Ahmed HM, Versiani MA, De-Deus G, Dummer PM. A new system for classifying root and root canal morphology. Int Endod J. 2017
Aug;50(8):761-70. https://doi.org/10.1111/ie.12685
14. Vertucci FJ. Root canal anatomy of the human permanent teeth. Oral Surg Oral Med Oral Pathol. 1984 Nov;58(5):589-99.
https://doi.org/10.1016/0030-4220(84)90085-9
15. Kasahara E, Yasuda E, Yamamoto A, Anzai M. Root canal system of the maxillary central incisor. J Endod. 1990 Apr;16(4):158-61.
https://doi.org/10.1016/50099-2399(06)81962-X
16. Schneider SW. A comparison of canal preparations in straight and curved root canals. Oral Surg Oral Med Oral Pathol. 1971
Aug;32(2):271-5. https://doi.org/10.1016/0030-4220(71)90230-1
17. Vanni JR, Albuquerque DS, Reiss C, Baratto Filho F, Limongi O, Della Bona A. Apical displacement produced by rotary nickel-titanium
instruments and stainless steel files. J Appl Oral Sci. 2004 Mar;12(1):51-5. https://doi.org/10.1590/51678-77572004000100010
18. Vanni JR, Santos R, Limongi O, Guerisoli DM, Capelli A, Pécora JD. Influence of cervical preflaring on determination of apical file size in
maxillary molars: SEM analysis. Braz Dent J. 2005;16(3):181-6. https://doi.org/10.1590/50103-64402005000300002
19. Buchanan LS. Cleaning and shaping the root canal system: negotiating canals to the termini. Dent Today. 1994 Apr;13(4):76,78-81.
20. Caliskan MK, Pehlivan Y, Sepetgioglu F, Tirkin M, Tuncer SS. Root canal morphology of human permanent teeth in a Turkish population.
J Endod. 1995 Apr;21(4):200-4. https://doi.org/10.1016/50099-2399(06)80566-2
21. Willershausen B, Kasaj A, Tekyatan H, Roehrig B, Briseno B. Radiographic investigation of location and angulation of curvatures in
human maxillary incisors. J Endod. 2008 Sep;34(9):1052-6. https://doi.org/10.1016/j.joen.2008.06.021
22. Silva EJ, Castro RW, Nejaim Y, Silva Al, Haiter-Neto F, Silberman A, et al. Evaluation of root canal configuration of maxillary and
mandibular anterior teeth using cone beam computed tomography: an in-vivo study. Quintessence Int. 2016 Jan;47(1):19-24.
https://doi.org/10.3290/j.qi.a34807
23. Abella F, Mercadé M, Duran-Sindreu F, Roig M. Managing severe curvature of radix entomolaris: three-dimensional analysis with cone
beam computed tomography. Int Endod J. 2011 Sep;44(9):876-85. https://doi.org/10.1111/j.1365-2591.2011.01898.x
24. Oliveira MA, Venancio JF, Raposo LH, Barbosa Junior N, Biffi JC. Morphometric evaluation and planning of anticurvature filing in roots
of maxillary and mandibular molars. Braz Oral Res. 2015;29(1):1-9. https://doi.org/10.1590/1807-3107BOR-2015.v0l29.0012
25. Kabil E, Kati¢ M, Ani¢ |, Bago |. Micro-computed evaluation of canal transportation and centering ability of 5 rotary and reciprocating
systems with different metallurgical properties and surface treatments in curved root canals. J Endod. 2021 Mar;47(3):477-84.
https://doi.org/10.1016/j.joen.2020.11.003
26. Elkholy MM, Ha WN. An arithmetic crown-down dynamic tactile instrumentation technique: a case report of an s-shaped root canal.
J Endod. 2021 May;47(5):836-43. https://doi.org/10.1016/j.joen.2020.12.013
27. al-Omari MA, Dummer PM, Newcombe RG. Comparison of six files to prepare simulated root canals. 1. Int Endod J. 1992
Mar;25(2):57-66. https://doi.org/10.1111/j.1365-2591.1992.tb00738.x
28. Benjamin KA, Dowson J. Incidence of two root canals in human mandibular incisor teeth. Oral Surg Oral Med Oral Pathol. 1974
Jul;38(1):122-6. https://doi.org/10.1016/0030-4220(74)90323-5
29. Mauger MJ, Waite RM, Alexander JB, Schindler WG. Ideal endodontic access in mandibular incisors. J Endod. 1999 Mar;25(3):206-7.
https://doi.org/10.1016/50099-2399(99)80143-5
30. Logani A, Singh A, Singla M, Shah N. Labial access opening in mandibular anterior teeth: an alternative approach to success.
Quintessence Int. 2009 Jul-Aug;40(7):597-602.

14 Braz. Oral Res. 2022;36:e005



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Mazzi-Chaves JF, Leoni GB, Oliveira |S, Silva-Sousa YTC, Silva RG, Pauwels R, et al.

Neo J, Chee LF. A retrospective clinical study of endodontically treated mandibular incisors in a selected Chinese population. Oral Surg
Oral Med Oral Pathol. 1990 Dec;70(6):782-3. https://doi.org/10.1016/0030-4220(20)920021-J

Kartal N, Yanikoglu FC. Root canal morphology of mandibular incisors. J Endod. 1992 Nov;18(11):562-4.
https://doi.org/10.1016/S0099-2399(06)81215-X

Blaskovi¢-Subat V, Marici¢ B, Sutalo J. Asymmetry of the root canal foramen. Int Endod J. 1992 May;25(3):158-64.
https://doi.org/10.1111/j.1365-2591.1992.tb00779.x

Wu MK, R’oris A, Barkis D, Wesselink PR. Prevalence and extent of long oval canals in the apical third. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2000 Jun;89(6):739-43. https://doi.org/10.1067/moe.2000.106344

Kuttler Y. Microscopic investigation of root apexes. J Am Dent Assoc. 1955 May;50(5):544-52.
https://doi.org/10.14219/jada.archive.1955.0099

Ricucci D, Siqueira Junior JF. Anatomic and microbiologic challenges to achieving success with endodontic treatment: a case report.

J Endod. 2008 Oct;34(10):1249-54. https://doi.org/10.1016/j.joen.2008.07.002

Dummer PM, McGinn JH, Rees DG. The position and topography of the apical canal constriction and apical foramen. Int Endod J. 1984
Oct;17(4):192-8. https://doi.org/10.1111/j.1365-2591.1984.tb00404 .x

Nekoofar MH, Ghandi MM, Hayes SJ, Dummer PM. The fundamental operating principles of electronic root canal length measurement
devices. Int Endod J. 2006 Aug;39(8):595-609. https://doi.org/10.1111/j.1365-2591.2006.01131.x

Simon JH, Dogan H, Ceresa LM, Silver GK. The radicular groove: its potential clinical significance. J Endod. 2000 May;26(5):295-8.
https://doi.org/10.1097/00004770-200005000-00012

De-Deus G. Research that matters: root canal filling and leakage studies. Int Endod J. 2012 Dec;45(12):1063-4.
https://doi.org/10.1111/j.1365-2591.2012.02104 .x

Dias KC, Soares CJ, Steier L, Versiani MA, Rached-Junior FJ, Pécora JD, et al. Influence of drying protocol with isopropyl alcohol on the
bond strength of resin-based sealers to the root dentin. J Endod. 2014 Sep;40(%):1454-8. https://doi.org/10.1016/j.joen.2014.02.021

Braz. Oral Res. 2022;36:e005 15



