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Abstract
Purpose: To establish a new coordinate system using the incisive canal and incisive foramen in cases confirmed to have root resorption in the maxillary incisor region by cone beam computed tomography (CBCT) to investigate the
positions of the central and lateral incisor roots and erupting maxillary canine
tooth crowns in the horizontal plane. Methods: Nine patients (two males;
mean age: 10.5 years old) with suspected incisor root resorption due to erupting maxillary canines on panoramic X-ray images and in whom incisor root
resorption was confirmed on CBCT images were evaluated. A control group
of 12 patients with a supernumerary tooth on one side (three males; mean age:
8.6 years old) was also examined. X, Y, and Z-axes were defined, and the positions of the centers of the central incisor root (U1) and lateral incisor root
(U2) and the canine cusp (U3) were examined, along with alveolar process
width and length. Results: In the control group, U1, U2, and U3 were located
within a certain range without overlap, while, in the incisor root resorption
group, U3 overlapped with U1 and U2 and tended to deviate centrally. U2
tended to be located further posteriorly than U3. The anteroposterior diameter of the alveolar process was 1.2 mm shorter in the incisor root resorption
group (p < 0.05). Conclusions: The risk of incisor root resorption accompanying canine eruption can be evaluated early by investigating the canine position on a horizontal plane established on the upper anterior tooth dentition
CT images with a coordinate system using the incisive canal and incisive foramen.
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1. Introduction
Intraoral and panoramic radiography are performed to examine the state of
eruption of non-erupted permanent teeth in children during the mixed dentition
period [1] [2]. These X-ray images may show contact or overlap between erupting maxillary canine tooth crowns and maxillary lateral or central incisor roots
[3]. In such cases, incisor root resorption may be suspected and confirmed on
two-dimensional imaging [4]. If root resorption is present, particularly in the labiolingual direction, the presence or absence of incisor root resorption can be
difficult to determine [5].
Since 1990, computed tomography (CT) has been used to determine the
presence of incisor root resorption. Ericson and Kurol [6] used CT images to
evaluate the state of root resorption after establishing grades for incisor root resorption. Walker et al. [7] were the first to report short distances between lateral
incisors and canines based on an investigation of occlusal plane axial CT images
from 19 subjects in whom incisor root resorption was suspected. Cone-beam CT
(CBCT), which takes images at even higher resolutions than CT, was later used
to confirm incisor root resorption [8]. However, as the imaging range for CBCT
is narrow and anatomical structures that can be used as references for measurements are lacing, few studies have conducted quantitative analyses of canine and
incisor positions in the horizontal plane.
The present study therefore established a new coordinate system using the incisive canal and incisive foramen in cases with confirmed root resorption in the
maxillary incisor region on CBCT images to investigate the positions of the central and lateral incisor roots and erupting maxillary canine tooth crowns in the
horizontal plane. These results were then compared with those from a control
group that did not exhibit any incisor root resorption.

2. Materials and Methods
Subjects were selected among patients 8 to 14 years of age who visited the Orthodontic Clinic at Fukuoka Dental College Medical & Dental Hospital between
2010 and 2014. The range of age was determined so that we would meet patients
with fully erupted maxillary incisors and uncompleted root formation of maxillary canines. Patients with congenital malformation, a history of trauma to the
anterior tooth region, abnormal numbers of permanent teeth in the upper anterior tooth dentition, or lateral incisor microdontia were excluded. Nine patients
(two males, seven females; mean age: 10.5 years old) in whom incisor root resorption due to erupting maxillary canines was suspected on panoramic X-ray
taken at the initial examination and in whom incisor root resorption was actual170
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ly confirmed on CBCT were selected as subjects for analysis. CBCT was used to
determine the presence or absence of maxillary incisor root resorption based on
axial tomography of the incisors. Used the root resorption grades defined by
Ericson and Kurol [6], root resorption was determined to be present in patients
who were grade 2 (resorption in less than half of the incisor dentin), grade 3
(resorption of at least half of the incisor dentin, but not reaching the dental
pulp), or grade 4 (resorption reaching the dental pulp). Among these nine patients, bilateral root resorption was noted in three and unilateral root resorption
was noted in six. CBCT volume data from the 12 sites, including the canines
causing incisor root resorption in these patients along with the central and lateral incisors on the affected side, were used as data in the incisor root resorption
group.
For the control group, 12 patients with a supernumerary tooth on one side
(three males, nine females; mean age: 8.6 years) were examined. CBCT volume
data from the 12 sites, including three anterior teeth on the unaffected side with
no supernumerary teeth, were used as data in the control group. The Ethics
Committee of Fukuoka Dental College approved all protocols for this retrospective study.

2.1. Measurement of Anteroposterior and Left-Right Positions of
Canine Crowns and Incisor Roots on CBCT Images
CBCT was conducted using a 3DX multi-image micro-CT system (FPD8;
MORITA, Kyoto, Japan). Fixation of the head position was achieved using head
strap and chin cup, and the Frankfort horizontal (FH) and median sagittal
planes were normalized using laser light applied to the facial skin surface as a
guide. Imaging conditions were as follows: tube voltage, 80 kV; tube current, 8
mA; 180˚ imaging; diameter, 60 mm; height, 60 mm; and voxel size, 125 µm.
CBCT data were saved in the DICOM format and were measured by using an
X-ray viewing monitor (RadiForce GS220; EIZO, Shiroyama, Japan).
Tomographic images were created and measured by using a three-dimensional imaging viewer (PACS version 3.0; INFINITT Healthcare, Seoul, Korea). First,
sagittal images were created from CBCT DICOM data as reported by Thakur et

al. [9], and an image was selected in which the incisive canal appeared to be centered. The image was rotated such that the posterior wall portion of the incisive
canal was perpendicular to the FH plane on CT imaging. The incisive canal was
thus upright and perpendicular to the basal plane on the viewer window (Figure
1).
The most posterior point in the incisive foramen contour on the image was
the incisive fossa (IFo) and was used as the origin, with the posterior wall of the
upright incisive canal set as the Z-axis. Next, the most anterior point in the median palatine suture was positioned on the tomographic image along the Z-axis,
and the line joining this point and the IFo was set as the Y-axis. The X-axis was
set perpendicular to both the Z- and Y-axes. The resulting XY plane was set as a
new tomographic plane, and XY coordinates were acquired with the center of
171
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Figure 1. Measurement method using three-dimensional CBCT tomographic images. IFo
(0, 0, 0): Most posterior point of the posterior margin of the incisive foramen (IFo: incisive fossa).

the central incisor root as U1 and the center of the lateral incisor root as U2. To
project canine cusp XY coordinates onto this tomographic plane, the XY plane
was moved along the Z-axis and an image depicting the erupting canine cusp
was searched for. The XY coordinates on the image were then acquired with the
canine cusp set as U3. For U3, Z-axis coordinates were also acquired, and were
considered to indicate the vertical canine position in relation to the tomographic
plane including the IFo (Figure 1). The same coordinate system was set up for
CBCT DICOM data in the control group; the same coordinate values were acquired for the centers of the central and lateral incisor roots and for the canine
cusp on the unaffected side with no supernumerary teeth.
Next, the width of the anterior alveolar process and its anteroposterior diameter on the tomographic plane including the IFo were measured. The point of
intersection between the lateral external surface of the upper alveolar bone and
the X-axis was set as the alveolar process width point (APWP), with the value of
this X-axis coordinate considered as the alveolar process width (APW). The
point of intersection between the external surface of the alveolar bone anterior
and the Y-axis was set as the alveolar process length point (APLP), and the value
of this Y-axis coordinate was considered as the alveolar process length (APL),
referring to the anteroposterior diameter of the alveolar process (Table 1). The
APW and APL in the control group were measured in a similar manner.
To combine data from the left and right sides, X-axis values were inverted only for coordinate data on the right side, to allow comparison with measurement
results from the left side.

2.2. Statistical Analysis
In the control and incisor root resorption groups, one-way analysis of variance
(ANOVA) for the X- and Y-axis coordinates of the central and lateral incisors
and canines was performed. Multiple comparisons with Bonferroni correction
172
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Table 1. Abbreviation list of measurement points.
Abbreviations

Definitions

IFo (incisive fossa)

Most posterior point of the posterior margin
of the incisive foramen

U1

Center point of central incisor root

U2

Center point of lateral incisor root

U3

Projected canine cusp point

APWP (alveolar process width point)

Point of intersection between the lateral external
surface of the upper alveolar bone and the X-axis

APLP (alveolar process length point)

Point of intersection between the anterior external
surface of the upper alveolar bone and the Y-axis

APW

Alveolar process width

APL

Alveolar process length

were then performed to evaluate differences in the anteroposterior and left-right
positions of teeth in the horizontal plane. Next, an F test was performed for each
coordinate value and the APW and APL for the three anterior teeth, before applying the Mann-Whitney U test.
To evaluate measurement error, each coordinate value of the three anterior
teeth and the APW and APL were measured for 10 randomly selected sites twice,
with an interval of at least four weeks. Houston’s method [10] was used to calculate measurement error. The calculated measurement error was within the
range of 0.1 mm to 0.2 mm, with an acceptable confidence coefficient of at least
0.89 (Table 2).

3. Results
Control and incisor root resorption group results for U1, U2, U3, APW, and
APL on the XY plane with IFo as the origin are provided in Figure 2. In the
control group, points U1, U2, and U3 were located within a certain range and
did not overlap. In contrast, in the incisor root resorption group, the area of U3
overlapped with that of U1 and U2 and tended to deviate toward the center. U2
tended to be located further posteriorly than U3.
Figure 3 shows the results for multiple comparisons after Bonferroni correction for the X- and Y-axis coordinates of U1, U2 and U3 after ANOVA. In the
control group, significant differences were noted in X-coordinate values between
U1, U2, and U3 and in Y-coordinate values between U1 and U2 and between U1
and U3 (p < 0.01). In the incisor root resorption group, significant differences
were noted in X-coordinate values between U1 and U2 and between U1 and U3
and in Y coordinate values between U1, U2, and U3 (p < 0.05 and p < 0.01).
Table 3 shows the results of measurements for the positions of U1, U2, and
U3 as well as of APL and APW between groups. No significant differences were
noted in either X- or Y-axis coordinates for U1. U2 showed no significant dif173

S. Tamaoki et al.

ference in the X-axis coordinate, but was significantly smaller along the Y-axis in
the incisor root resorption group (p < 0.01), indicating that the lateral incisor
was located further posteriorly compared to the control group. For U3, significant differences were noted for the X- and Y-axis coordinates (p < 0.01), with
the canine found to be positioned more medially and anteriorly in the incisor
root resorption group than in the control group. No significant differences were
noted between groups for U3 on the Z-axis, indicating no differences in vertical
direction for the canine. In terms of the alveolar process, no significant difference was noted for the APW, but a significant difference was seen for the APL (p
< 0.05); with the anteroposterior diameter of the alveolar process shorter in the
incisor root resorption group than in the control group.
Table 2. Measurement errors for three-dimensional CBCT tomographic images.
Combined error (mm)

Coefficient of reliability

U1 (x)

0.19

0.885

U1 (y)

0.16

0.985

U2 (x)

0.17

0.994

U2 (y)

0.15

0.983

U3 (x)

0.13

0.998

U3 (y)

0.18

0.973

U3 (z)

0.17

0.998

APW

0.17

0.989

APL

0.20

0.971

Table 3. Results of measurements on tomographic images with the incisive foramen as
the reference point for the incisor root resorption and control groups.
Control group
(n = 12)

Incisor root resorption
group (n = 12)

F test

Mann-Whitney
U test

U1 (x)

3.75 ± 1.10

3.41 ± 0.58

0.047*

0.364

U1 (y)

7.14 ± 1.54

6.67 ± 1.40

0.752

0.439

U2 (x)

8.46 ± 1.36

7.27 ± 2.47

0.059

0.160

U2 (y)

3.87 ± 0.86

2.16 ± 1.24

0.237

0.001**

U3 (x)

13.81 ± 1.66

8.80 ± 2.88

0.081

0.0001**

U3 (y)

3.47 ± 2.69

5.30 ± 1.16

0.010**

0.0046**

U3 (z)

−0.81 ± 1.88

−2.03 ± 3.78

0.029*

0.335

APW

21.61 ± 1.66

21.30 ± 1.67

0.976

0.648

APL

11.47 ± 1.41

10.28 ± 1.22

0.642

0.038*

*p < 0.05, **p < 0.01.
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Figure 2. Incisor, canine, and alveolar base position on the tomographic plane with the incisive foramen as the origin in the control group (A) and the incisor root resorption group (B). ◆: U1, ■: U2, ▲: U3, ×: APWP (alveolar process width point), ＊:
APLP (alveolar process length point). Origin (0, 0): Most posterior point of the posterior margin of the incisive foramen (IFo:
incisive fossa).

Figure 3. Multiple comparisons with Bonferroni correction of the positions of the central incisor, lateral incisor and canine in the
control group (A) and the incisor root resorption group (B).
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4. Discussion
This study used a measurement system that takes CBCT images with the posterior wall of the incisive canal upright in the perpendicular direction to allow
measurement of canine and incisor positions on the horizontal plane as well as
of the width and anteroposterior diameter of the anterior alveolar process. With
this method, when incisor root resorption due to erupting canines is present, the
position of the canine cusp in relation to the lateral incisor is more central in the
X-axis direction and more anterior in the Y-axis direction than in the control
group with no root resorption. Furthermore, when incisor root resorption is
present, the lateral incisors are positioned on the lingual side in the alveolar
bone and the anterior alveolar bone shows a small anteroposterior diameter. The
sample size was relatively small, but was considered acceptable from sample size
estimation by the retrospective power analysis for each variable that showed a
statistically significant difference between the two groups.
For the canine position in cases with incisor root resorption, Ericson and Kurol [11] defined five sectors on intraoral occlusal films of patients who exhibited
lateral incisor root resorption due to canine eruption and evaluated canine positioning in the buccolingual direction per sector. According to that study, in such
patients, canine cusps were more likely to be positioned in medial sectors than in
the normal group, consistent with the present results. Sambataro et al. [12] investigated buccolingual positions of the canine cusps and incisor roots using
posteroanterior X-ray images, revealing that when the canines are impacted, the
canine cusps are buccolingually inclined on the lingual side, which appears consistent with our results. Walker et al. [7] established a horizontal plane on upper
jaw CT images including the maxillary canine cusps and measured tooth positions on this plane. They found that in cases showing incisor root resorption or
contact between the incisor and erupting canine, mean buccolingual distance
between the canine cusp and center of the lateral incisor was 1.4 mm. This distance is similar to the mean distance of 1.53 mm between U2 and U3 along the
X-axis in the incisor root resorption group of the present study. The risk of incisor root resorption thus appears to increase when canine cusp position is closer to the midline, resulting in the center of the root of the lateral incisor being
close to the canine cusp in the buccolingual direction.
To date, few reports have reported on the canine anteroposterior position in
patients exhibiting incisor root resorption. Ericson and Kurol [11] used panoramic X-rays of patients who exhibited lateral incisor root resorption due to canine eruption and defined five sectors on images from the mesial position to
evaluate the mesiodistal position of the canine cusp per sector. They reported
that the canine cusp was in a more mesial sector in the group exhibiting root resorption than in the normal group, consistent with the trends observed in the
present study for the canine anteroposterior position in the incisor root resorption group. For three-dimensional images, Oberoi and Knueppel [13] set up a
coordinate system using the left and right optical nerve canals in the cranial base
on relatively wide-ranging CBCT images and measured the impacted canine po176
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sition. Their results showed that in 93% of patients, the cusps of impacted canines were positioned an average of 10.1 mm more anteriorly in the horizontal
plane than the canine cusps on the unaffected side, consistent with the present
findings for the incisor root resorption group.
In recent years, CBCT has come to be used to confirm the three-dimensional
positions of erupting canines and incisor roots, as well as the presence or absence
of root resorption. Although this imaging modality is useful for confirming root
resorption due to the high resolution, guidelines [14] recommend that the CBCT
volume size should be reduced, because wider imaging ranges are associated
with increased radiation exposure and lower resolution. The imaging range for
confirming incisor root resorption is limited to the immediate surroundings of
the anterior teeth. However, a coordination system using the incisive canal and
incisive foramen, as conducted in this study, appears useful for quantitative
evaluation of the position of impacted canines. Thakur et al. [9] reported 4 types
of the incisive canal: a slanted canal, a slanted-curved canal, a vertical canal, and
a vertical-curved canal. Further study should be conducted to investigate the influence of the incisive canal types on setting the coordinate system.
This study started from the hypothesis that a small upper anterior alveolar
process induces contact between the canine and incisor, making the individual
prone to resorption of the root of the incisor. We then compared the width and
anteroposterior diameter of the anterior alveolar process between the incisor
root resorption and control groups. Although the results showed no significant
differences in width between groups, anteroposterior diameter was significantly
smaller in the incisor root resorption group. In terms of width, Langberg and
Peck [15] reported no differences between an impacted canine group and a control group. Al-Nimri and Gharaibeh [16] reported a larger upper alveolar width
in the impacted canine group. The results of the present study suggest that a
small width of the alveolar bone is not a factor associated with incisor root resorption caused by canines, and the two aforementioned studies also appear to
support this. However, we were unable to identify any studies that investigated
the relationship between canine impaction and anteroposterior diameter of the
alveolar bone. In the present study, lateral incisor roots were found to be positioned on the lingual side in the incisor root resorption group. This suggests that
when the anteroposterior diameter of the alveolar bone is small, the eruption
force of the medially located canine is easily applied to the lateral incisor root,
resulting in posterior movement of the lateral incisor. As some studies have reported that upper canine eruption pressure causes lateral incisor root resorption
[1] [6] [8], it appears that when the anteroposterior diameter of the alveolar
bone in the upper anterior tooth region is small, eruption pressure from the
maxillary canine is liable to cause root resorption as well as posterior movement
of the lateral incisor.

5. Conclusion
Our results suggest that the risk of incisor root resorption increases when on the
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S. Tamaoki et al.

CBCT horizontal plane, erupting canine cusps are positioned anteriorly and medially, the anteroposterior diameter of the alveolar process in the upper anterior
tooth region is narrow, and the lateral incisor roots are positioned on the lingual
side. The risk of incisor root resorption accompanying canine eruption would be
able to be evaluated early by investigating canine position on a horizontal plane
established on CT images of the upper anterior tooth region with a coordination
system using the incisive canal and incisive foramen.
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