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ABSTRACT

Aim: The purpose of this study was to use cone beam computed tomography (CBCT) scans to examine the
configurational interactions between the maxillary incisors and the incisive canal in the front region of the maxillary
alveolar bone in patients undergoing orthodontic treatment.

Methods and materials: 186 patients who required CBCT for diagnosis and treatment planning among those
between the ages of 18 and 39 who sought orthodontic treatment were chosen. The maxillary and mandibular
dentoalveolar regions of each patient were imaged using CBCT technology as part of the pre-treatment examination.
L stands for the incisive canal's length, while 01, 82, and 63 represent the angles formed, respectively, by the palatal
plane and the axis of the maxillary alveolar border, the incisive canal, and the left central incisor of the maxilla.
Results: The mean values of 61 in male was 109.5 + 7.8 degrees while it was 109.4 £ 7.9 degrees in females. The
difference in findings between male and female was statistically non-significant (p=0.22). The mean values of 62 in
male was 106.6 = 9.7 degrees while it was 110.7 £ 8.1 degrees in females. The difference in findings between male
and female was statistically significant (p=0.01). The mean values of 63 in male was 113.2 + 8.8 degrees while it
was 113.3 + 11.4 degrees in females. The difference in findings between male and female was statistically non-
significant (p=0.10). The mean values of D in male was 5.6 + 2.3 mm while it was 5.1 £ 1.5 mm in females.
Conclusion: Anatomical variations in the maxillary alveolar bone's anterior region have produced morphometric
data that may be helpful for orthodontic treatment planning in patients who need to significantly correct their
maxillary incisal inclination or root position, or in patients who need to have implants placed in the anterior region.
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INTRODUCTION

Patients undergoing orthodontic treatment frequently need to improve their facial aesthetics. The maxillary incisor's
spatial position is important for both facial aesthetics and maxillofacial function. Therefore, when setting goals for
orthodontic treatment, three-dimensional (3D) location and inclination of the maxillary incisor is considered to be a
dominant component.*?I The notion of "envelope of discrepancy" was introduced by Ackerman et al. in relation to
maxillary incisor movement, and it explains the restrictions on the orthodontic movement range of the maxillary
incisor.B"1 One of the iatrogenic side effects of orthodontic therapy is the possibility of apical root resorption in the
maxillary incisor when it comes in contact with hard tissue structures like the labial, palatal, or incisive canal
cortical plates.5-%

Additionally, excessive tooth movement during orthodontic therapy might cause the dentition's roots to deviate from
the alveolar housing, which can result in dehiscence and fenestration. In order to prevent these potential difficulties,
it has been suggested to restrict the mobility of the maxillary incisors in conjunction with cephalometric
examination.*%! In orthodontics, lateral and anteroposterior cephalometric measurements have typically been
analysed in two dimensions (2D) for diagnostic and treatment planning. However, traditional cephalometric
radiographs cannot provide a precise assessment of the incisive canal and cortical plate on the sagittal plane of
maxillary incisors.

More thorough information could be obtained thanks to recent advancements in 3D analysis of dental cone-beam
computed tomography (CBCT) images. Setting goals for orthodontic treatment may require taking into account the
morphologies of the maxillary incisor roots, the incisive canal, and the maxillary alveolar bone, according to several
studies utilising dental CBCT.*I Although earlier CT and CBCT investigations elucidated the anatomical links
between the maxillary incisors and the incisive canal, they lacked sufficient imaging resolution to accurately assess
the form and thickness of the alveolar bone.l*®! The purpose of this study was to use cone beam computed
tomography (CBCT) scans to examine the configurational interactions between the maxillary incisors and the

incisive canal in the front region of the maxillary alveolar bone.

METHODS

Subjects

Only those patients who required CBCT for diagnosis and treatment planning among those between the ages of 18
and 39 who sought orthodontic treatment were chosen. All subjects were given their written consent after being
informed of the purpose and objectives of the study. The exclusion criteria included a history of orthodontic
treatment, missing or extra teeth, midline deviation of the maxillary incisors greater than 2 millimetres from the
midline of the face, maxillary incisor prosthodontic treatment, obvious nasopalatine pathology (such as nasopalatine
duct cysts), history of trauma to the maxillary incisors, and congenital anomalies (e.g., cleft lip and palate). 186
subjects (male, 62; female, 124; mean age, 25.4 5.7 years) were ultimately chosen based on the inclusion and
exclusion criteria. Their mean ANB was 3.2 3.6 (range: 4.7-9.1) and their skeletal pattern was Class I, Class II, and
Class Ill.
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CBCT

The maxillary and mandibular dentoalveolar regions of each patient were imaged using CBCT technology as part of
the pre-treatment examination using the following settings: normal mode (16.8 s, 4.10 mGy, 90 kV, and 4 mA); slice
thickness, 0.147 mm; field of view (FOV), 81 74 mm; and voxel size, 0.146 mm. The head was positioned along the
Frankfort horizontal plane, which runs parallel to the ground, for the acquisition of all photographs. Sagittal and
horizontal views of images that were saved as digital imaging and communication in medicine (DICOM) files were
retrieved and assessed using image analysis software (ImageJ version 1.48; USA). Sagittal, horizontal, and coronal
planes were determined in each image prior to measurement, and the three dimensions were calibrated. Following
are definitions for linear and angular measurements in the midsagittal plane:

Platal plane

L stands for the incisive canal's length, while 01, 62, and 63 represent the angles formed, respectively, by the palatal
plane and the axis of the maxillary alveolar border, the incisive canal, and the left central incisor of the maxilla.

The distance from the maxillary incisors to the incisive canal (D) and the cross-sectional area of the incisive canal
(CSA) were measured at each level. The measurements were carried out in the horizontal plane at three vertical
tiers: n, r, and o (levels of the nasal opening of the incisive canal, root apex of the maxillary incisor, and oral
opening of the incisive canal, respectively. One examiner handled all of the measurements, and they were all redone
after two months.

Statistical analysis

SPSS 22.0 was the computer programme used for all statistical analysis (IBM, Armonk, NY, USA). For all
measures, mean values and standard deviations (SDs) were computed. The two-sample t test was used to compare
variables between male and female patients. The Pearson's correlation analysis and Bonferroni correction for
multiple comparisons were used to investigate correlations between parameters. P 0.05 was chosen as the

significance level for each analysis..

RESULTS

In this study male participants were 62 and female participants were 62. The mean values of L in male was 14.9 +
2.3 mm while it was 13.3 = 3.4 mm in females. The difference in findings between male and female was statistically
significant (p=0.001). The mean values of 01 in male was 109.5 + 7.8 degrees while it was 109.4 + 7.9 degrees in
females. The difference in findings between male and female was statistically non-significant (p=0.22). The mean
values of 02 in male was 106.6 + 9.7 degrees while it was 110.7 + 8.1 degrees in females. The difference in findings
between male and female was statistically significant (p=0.01). The mean values of 83 in male was 113.2 + 8.8
degrees while it was 113.3 + 11.4 degrees in females. The difference in findings between male and female was
statistically non-significant (p=0.10). The mean values of D in male was 5.6 + 2.3 mm while it was 5.1 £ 1.5 mm in

females. The difference in findings between male and female was statistically non-significant (p=0.33). The mean
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values of CSA in male was 75.3 + 10.4 mm? while it was 75.3 = 10.4 mm? in females. The difference in findings
between male and female was statistically non-significant (p=0.89). (Table 1)

The correlation between 01 and 02 was statistically significant (r=0.8290, p<0.01). The correlation between 62 and
03 was statistically significant (r=0.599, p<0.01). The correlation between 63 and 61 was statistically significant
(r=0.739, p<0.01). (Table 2)

Table 1: Values of different parameters of linear measurements, angular measurements and area measurements in

males and females

Parameters L (mm) 01 (degrees) | 02 (degrees) | 03 (degrees) | D (mm) CSA (mm?

Mean+SD | Mean£SD | Mean+SD | Mean £ SD | Mean £ SD | Mean £+ SD
Male (n = 62) 149+23 |1095+7.8 |106.6+9.7 |113.2+88 |56+£23 75.3+104
Female (n = 124) 13.3+34 |1094+79 |110.7+8.1 |1133+114|51+£15 76.1+15.8
p 0.001 0.22 0.01 0.1 0.33 0.89
Gender comparison | Significant | NS Significant | NS NS NS

Table 2: Analyzing precise measurements of angles 01, 82, and 03 statistically

Comparisons 01 vs02 | 62 vs 03 | 63 vs 01
Correlation coefficient | 0.829 0.599 0.739
p <0.01 <0.01 <0.01

DISCUSSION

The nasopalatine vessels and nerves, branches of the trigeminal nerve, and the maxillary artery are all contained
within the incisive canal, an anatomical structure that runs parallel and posterior to the maxillary incisors on the
midsagittal plane of the maxillary bone.l*”-®1 The canal is also surrounded by a substantial amount of cortical bone.
The likelihood of sensory impairment in the front region and failure of osseointegration has been observed in cases
of contact of the incisive canal by surgical treatments such as dental implant implantation because of its proximity to
maxillary incisors.[**?°1 According to a recent study by 1, the degree of root resorption following significant incisal
retraction may depend on how close the maxillary incisal roots are to the incisive canal. Therefore, it is crucial to
check the precise placement of the maxillary incisors and the incisive canal when planning orthodontic treatment, as
well as to ascertain the morphology of the alveolar bone. There is no published information on the imaging of
anatomical structures in the maxillary anterior region by CBCT with a constrained FOV.? In the current
investigation, CBCT images obtained with a constrained FOV were used to assess the morphologies of and

positional relationships between the incisive canal and maxillary incisors.

According to our knowledge, this is the first study to use CBCT images to examine the anatomical features of the

maxillary incisors, the incisive canal, and the maxillary alveolar boundary in a large population.
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The length of the incisive canal in male patients in the present study was substantially longer than that in female
patients, which is consistent with the findings of a prior study [*®!. Second, there was a strong correlation between the
inclination of the maxillary incisors and the angles of the incisive canal and the maxillary alveolar boundary. The
CSA of the incisive canal at the level of the maxillary incisor root apex was significantly higher compared to those
at the levels of oral and nasal openings, and the maxillary incisors were situated closer to the incisive canal at the

level of the root apex than at the level of the oral opening of the incisive canal.

In this study male participants were 62 and female participants were 62. The mean values of L in male was 14.9 +
2.3 mm while it was 13.3 £ 3.4 mm in females. The difference in findings between male and female was statistically
significant (p=0.001). The mean values of 01 in male was 109.5 + 7.8 degrees while it was 109.4 £ 7.9 degrees in
females. The difference in findings between male and female was statistically non-significant (p=0.22). The mean
values of 02 in male was 106.6 + 9.7 degrees while it was 110.7 = 8.1 degrees in females. The difference in findings
between male and female was statistically significant (p=0.01). The mean values of 63 in male was 113.2 + 8.8
degrees while it was 113.3 + 11.4 degrees in females. The difference in findings between male and female was
statistically non-significant (p=0.10). The mean values of D in male was 5.6 + 2.3 mm while it was 5.1 + 1.5 mm in
females. The difference in findings between male and female was statistically non-significant (p=0.33). The mean
values of CSA in male was 75.3 + 10.4 mm? while it was 75.3 = 10.4 mm? in females. The difference in findings
between male and female was statistically non-significant (p=0.89).

The correlation between 01 and 02 was statistically significant (r=0.8290, p<0.01). The correlation between 62 and
03 was statistically significant (r=0.599, p<0.01). The correlation between 03 and 01 was statistically significant
(r=0.739, p<0.01).

Only a little amount of information about the 3D maxillofacial features may be obtained from 2D analysis in order
to determine the degree of maxillary incisor movement. The maxillary incisor area has frequently been the subject of
reports of apical root resorption. Due to the roots' proximity to or contact with the labial, palatal, or incisive canal
cortical plates, it has been observed that unanticipated apical root resorption in maxillary incisors following anterior
retraction often happens.”®! Numerous orthodontic treatments have so far been carried out effectively in clinical
settings using only traditional cephalometric analysis. However, more modern temporary anchorage systems, like as
miniscrew implants, have broadened the scope of orthodontic therapy and allowed for significant maxillary incisor
mobility.*Yl Anatomical aspects of the maxillofacial region should be thoroughly investigated in each patient in
order to diagnose post-orthodontic treatment issues such root resorption, gingival recession, dehiscence, and
fenestration following root deviation from the alveolar bone housing.” According to the current research, FOV-
limited CBCT is a suitable modality for maxillary protrusion orthodontic diagnosis.

Anatomical variations in the maxillary alveolar bone's anterior region have produced morphometric data that may be
helpful for orthodontic treatment planning in patients who need to significantly correct their maxillary incisal

inclination or root position, or in patients who need to have implants placed in the anterior region.
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