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Contact of the incisive canal and upper central incisors causing root

resorption after retraction with orthodontic mini-implants:

A CBCT study

Yichen Pana; Si Chenb

ABSTRACT
Objectives: To explore risk factors for contact between the incisive canal (IC) and upper central
incisors (U1) and to evaluate the relationship between contact and root resorption using cone-beam
computer tomography (CBCT).
Materials and Methods: This retrospective study used CBCT data of 33 patients treated by a
senior orthodontist. Anterior teeth were retracted with mini-implants, and CBCT scans were taken
before and after retraction. IC height and width, U1 lingual movement, and U1-IC distance and root
length decrease were compared between contact and noncontact groups.
Results: Sixteen U1 roots in 11 patients touched the IC. The contact group had lower positioned
ICs (2.86 6 1.10 mm) than the noncontact group (4.07 6 1.72 mm). The middle of the U1 roots
showed more lingual movement to ICs in the contact group (2.30 6 1.20 mm) than in the
noncontact group (1.07 6 1.16 mm). Right central incisors were closer to the IC than were the left.
Root length decreased significantly more in the contact group (2.63 6 0.93 mm) than in the
noncontact group (1.14 6 0.83 mm).
Conclusions: There is a risk for the U1 root to contact the IC during anterior retraction when the IC
is lower positioned. This contact might cause external apical root resorption. (Angle Orthod.
2019;89:200–205.)
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INTRODUCTION

The position of the upper anterior teeth is closely

related to the lower third of the facial profile. In

orthodontics, facial esthetics can be improved through

retraction of the upper anterior teeth for patients with

the chief complaint of protrusion. The wide application

of mini-implants has enabled orthodontists to retract

the anterior teeth to the greatest extent by providing

maximum anchorage.1

Limits of orthodontic treatment have long been
questioned. Moving the teeth out of the cortical bone
may cause complications such as fenestration, dehis-
cence, or root resorption.2,3 The limit of retracting
maxillary anterior teeth has commonly been consid-
ered the palatal cortical plate.2 In recent years,
however, craniofacial anatomical studies have shown
that the distance from upper central incisors (U1) to the
incisive canal (IC) was smaller than that to the palatal
cortical plate.4 The IC connects the oral cavity and
nasal cavity with two openings: the incisive foramen
and nasal foramen.5,6 In addition, the IC morphology
and position may greatly influence the angulation and
position for dental implant placement.7,8

Approximation of the IC and U1 should also affect
orthodontic retraction of the anterior teeth. Nakada et
al.9 found that mesial movement of the root apex during
orthodontic retraction might lead to its contact with the
IC cortical plate and cause apical root resorption.
Chung et al.10 noticed in two cases that in conducting
en masse retraction with the help of orthodontic mini-
implants, the root of one of the U1 made direct contact
with the cortical plate of the IC and extensive root
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resorption was observed. Cho et al.11 analyzed the
proximity of U1 and the IC using computed tomography
and found the IC width larger than the inter-root
distance in more than 60% of subjects and that the
‘‘safety zone’’ of orthodontic retraction was smaller than
previously believed.

Routine 2D X-ray examinations do not reveal
whether U1 roots meet the IC cortical plate but cone-
beam computer tomography (CBCT) enables visuali-
zation of the spatial morphology of the IC.12 The
present study explored the risk factors for contact
between the IC and U1 and evaluated, using CBCT,
the relationship between this contact and root resorp-
tion in patients who received maximum anterior tooth
retraction with orthodontic mini-implants.

MATERIALS AND METHODS

Materials

This retrospective study included data from 33
patients (20 adults and 13 teenagers), retrieved from
the archive of National Engineering Laboratory for
Digital and Material Technology of Stomatology col-
lected from 2009 to 2012.13 These patients were
treated by one orthodontist, and the anterior teeth of
these patients were retracted with mini-implants using
the same mechanics.13 CBCT scans (DCT pro; Vatech
& EWOO Group, Seoul, South Korea) were taken
immediately after placement of miniscrews and after
the completion of retraction using the following
protocol: field of view, 200 3 190 mm2; 90 KVp; 144
mA; scan time, 24 seconds; and voxel size, 0.3 mm3.
The average retraction period was 11.8 months.
Informed consent of all patients was obtained and the
protocol was approved by the Institutional Review
Board (IRB00001052-09010).

The study included patients (1) with CBCT data
before and after the retraction period; (2) without
obvious root resorption and root morphology variation
before retraction; (3) with extraction of at least two
upper premolars to provide space for retraction; (4)
with a convex facial profile; (5) with a Class I or II
skeletal or molar relationship; (6) with retraction of the
upper anterior teeth with mini-implants for maximum
anchorage; and (7) without missing teeth or extra teeth

in the anterior maxillary region. All the data from the
archive that met the criteria of this study were included.

The patients’ data were saved in Digital Imaging and
Communication in Medicine (DICOM) format and
imported into Dolphin software (version 11.8 premium,
Dolphin Imaging and Management Solutions, Chats-
worth, CA). Head position was standardized to ensure
that axial sections were parallel to the Frankfort plane,
and sagittal sections were vertical to the axial plane
and parallel to the connection of the anterior nasal
spine (ANS) and posterior nasal spine (PNS). Coronal
sections were then vertical to both the axial and sagittal
sections.

CBCT Measurements

Axial and sagittal sections used for this study were
collected from each sample (Figure 1 is shown as an
example). The 3D measurement function of Dolphin
was used to conduct the following measurements:

The ANB angle before retraction was measured from
the lateral view of the 3D reconstruction of the CBCT
scans.

IC height was defined as the vertical distance
between the incisive foramen plane and the cemento-
enamel junction (CEJ) (Figure 2A). The incisive foramen
plane was defined as the horizontal plane passing
through the lowest point of the buccal wall of the IC.

IC width was defined as the transverse distance
parallel to coronal sections between the most distal
points of the IC (Figure 2B). The IC width was
measured at three horizontal levels determined in the
sagittal view (Figure 2C). To ensure the consistency of
the observed levels, the vertical distance between
each level and the horizontal line passing through ANS
in the preretraction images was recorded and then
transferred to postretraction images. In each patient,
the average width of the three levels was calculated.

U1-IC distances were measured at the same
horizontal levels mentioned already and were defined
as the anteroposterior distance from the most mesial
point of the U1 to the cortical plate of the IC (Figure
2B). Left and right values were recorded separately.
U1-IC distances were unmeasurable when the inter-
root distance was wider than the IC width, in which
case they were not analyzed. U1-IC decrease was
defined as the difference between the pre-and post-
treatment U1-IC distance. When the root contacted
(including invading into) the IC, the distance was
recorded as 0 mm.

The root length of left and right U1 before and after
retraction were measured in the sagittal view (Figure
2D).

Pre- and post-retraction CBCT images were super-
imposed on the miniscrews13 (Figure 3A). Inclination

Figure 1. Sagittal (A) and axial (B) image of the IC (arrow) by CBCT.
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change of U1 (DU1/FH) and horizontal retraction
distance (HRD) of U1 were measured from the
superimpositions (Figure 3B).

Statistical Analysis

All measurements were conducted by two trained
examiners. The intraclass correlation (ICC) was 0.98.
The measurement error14 for linear and angular
measurement were 0.22 mm and 0.268. To compare
the IC heights and widths, patients were divided into

contact and noncontact groups. To compare the HRD

and DU1/FH, U1-IC decreases and root length

decreases, all the U1 roots were divided into the two

groups. When the data showed a normal distribution, t

tests were used; otherwise, Mann-Whitney U-tests

were used to compare the measurements between

groups. Wilcoxon’s test was used to compare the U1-

IC distance between left and right sides. The statistical

analyses were performed with SPSS 27.0 (IBM,

Armonk, NY), with a significance level of 0.05.

Figure 3. (A) Superimposition of pre- and postretraction CBCT; (B) Measurements: ANB, the angle between NA and NB; U1/FH, the angle

between the long axis of U1 and the Frankfort plane; HRD (horizontal retraction distance), horizontal distance between the pre- and post-

retraction incisal edge of U1.

Figure 2. (A) Incisive foramen plane, the horizontal plane passing through the lowest point of the buccal wall of the IC; IC height, the vertical

distance between the incisive foramen plane and CEJ; (B) IC width, the transverse distance between the most distal point of the IC; U1-IC

distance, the anteroposterior distance from the most mesial point of U1 to the cortical plate of the IC; (C) Three observed horizontal levels, 3 mm,

6 mm, and 9 mm above the palatal CEJ (dotted line); (D) Root length, the distance from the incisal edge to the root apex.
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RESULTS

Descriptive Statistics

Preretraction information is listed in Table 1. Thirty-

three patients were included. The age was 12.76 6

1.09 years for teenagers and 25.38 6 5.09 years for

adults at the start of treatment. The ANB angle was

5.538 and 5.258 in the adult and teenage group,

respectively, before retraction. No significant gender

difference (data not shown) or age difference was

found in any measurement. Therefore, adults and

teenagers were analyzed as a whole. In total, 16 U1

roots in 11 patients touched the IC.

IC Height

There was no significant difference in the IC height

between adults (3.90 mm) and teenagers (3.42 mm)

(Table 1). However, it was significantly lower in the

contact group (2.86 mm) than in the noncontact group

(4.07 mm) (Table 2), which indicated that the U1

tended to touch an IC that was positioned lower.

IC Width

No significant difference was found in the IC width

between adults and teenagers (Table 1). There was no

significant difference in the average IC width between

the noncontact and contact groups (Table 2).

Distances Between U1 and IC

In a total of 66 U1, the decrease in U1-IC distance
was significantly larger in the contact group than in the
noncontact group at L2 (Table 2), indicating more
lingual root movement of U1 to the IC in the contact
group; whereas, at L3, the U1-IC distance increased in
some patients, indicating buccal movement of the root
apex.

U1-IC distances in the right U1 were smaller than
those in the left, either before (P ¼ .04) or after (P ,

.01) retraction (data not shown).

Retraction of U1

No significant difference was found in retraction of
the incisal edge (HRD) and DU1/FH of U1 between the
noncontact and contact groups (Table 2).

Decreases in Root Length

Ten right and six left incisor roots in 11 patients
touched the IC (Table 3). In the axial view, the canal
wall cortex became discontinuous and, in the sagittal
view, the incisor root apparently entered the IC, with or
without significant root resorption (Figure 4).

The root length decrease was significantly greater in
the contact group than in the noncontact group (Table
3), showing that U1-IC contact might cause excessive
apical root resorption.

In some cases, tipping of the U1 (with more buccal
movement of the root apex) made the cervical area of
the root more prone to invade the IC (Figure 5), but
cervical root resorption was difficult to measure in
those cases.

DISCUSSION

The IC connects the incisive foramen and the nasal
foramen;15 its morphology and position was shown to
vary from person to person and was also affected by
age16 and gender.5,6 Reportedly, adults had smaller ICs
and thinner labial alveolar bones than teenagers,17 and

Table 1. Preretraction Descriptive Measurements of the Patients

Adult Teenager P Value

Gender

Male 6 4

Female 14 9

Age 25.35 6 5.12 12.76 6 1.09

ANB, 8 5.77 6 1.74 5.44 6 1.42 .57

IC Height, mm 3.90 6 1.71 3.42 6 1.46 .45

Average IC width, mm 5.57 6 0.54 5.48 6 0.63 .65

Table 2. Comparisons of the Risk Factors Causing U1-IC Contact Between Noncontact and Contact Groupsa

Non-contact Contact P Value

No. of patients N ¼ 22 N ¼ 11

IC Height, mm 4.07 6 1.72 2.86 6 1.10 .04*

IC Width, mm 5.46 6 0.58 5.68 6 0.55 .29

No. of U1 roots N ¼ 50 N ¼ 16

HRD of U1, mm 5.21 6 1.95 6.21 6 2.37 .09

DU1/FH, 8 13.84 6 5.91 12.63 6 5.34 .45

U1-IC decrease, mm

L1 1.25 6 1.91 (n¼17) 2.24 6 1.43 (n ¼ 7) .12

L2 1.07 6 1.16 (n¼44) 2.30 6 1.20 (n ¼ 14) ,.01**

L3 1.34 6 1.79 (n¼43) 1.99 6 1.74 (n ¼ 14) .26

* P , .05; ** P , .01.
a N refers to total number of patients or U1 roots, n refers to number of roots at the specific level.
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men had wider5,6 and longer18,19 ICs than women; but

no significant gender and age difference was found in

the current study, probably because of the relatively

small sample size. For now, it is still uncertain how

intrusion of a tooth root into the IC would influence the

function of internal nerves or vessels,4 but it was

reported that, in a surgery extracting a supernumerary

tooth, that intrusion into the IC caused a hematoma

one week after the operation.7 It was emphasized in

prosthodontics and oral implantology that image

diagnoses should be conducted before restoration7

but, in orthodontics, few studies have paid attention

to the approximation of U1 and the IC.11

In past studies, the opening of the IC (the incisive

foramen) was defined as the lowest point of the palatal

wall.9,11 However, in the present investigation, it was

found that the concavity could be seen at the lowest

point of the buccal wall. Therefore, the horizontal levels

selected in this study were more incisal relative to U1s

than in past studies. The current study suggested that IC

height was a risk factor for U1-IC contact, which meant

that, in patients with a lower incisive foramen, U1s were

more susceptible to touching the IC during retraction.

IC width in this study was similar to that in the study

of Zhou et al.20 and slightly larger than that in the study

of Cho et al.,11 possibly due to the different selection of

measurement levels. Although IC width was not found

to be a risk factor in the current study, an excessively

wide IC should also be a warning for increased risk

because Cho et al.11 found a wider IC than inter-root

distance in over 60% of subjects.

Nakada et al.9 believed that midline drift during
orthodontic treatment may cause apical root resorption
related to the IC but that lingual movement of the central
incisors was also a contributing factor. Because of the
oval shape of the IC and the tooth roots, the U1-IC
distances were larger than the shortest distance between
the two structures. However, since it is very difficult to set
a standard definition for the shortest distance from U1
roots to the IC, anteroposterior distances were used.11 In
the current study, measurements were conducted at
three horizontal levels because the root apex and tooth
neck could move in opposite directions. For example, at
L3, an increased U1-IC distance was found in some of
the patients, implying buccal movement of the root apex,
which could also explain the statistically insignificant
difference between the contact and noncontact groups.
At L2, a position closer to the middle of the root, the
decrease in the U1-IC distance was considerably larger
in the contact group, making it a risk factor for contact
between U1 and the IC. Jia et al.8 found that perforation
caused by implant insertion into the IC usually occurred
in the right central incisor site. That was supported by
their anatomical study showing that the IC location
tended to be toward the right side at both the incisive
foramen level and the apical level.8 In the current study,
similarly, a significantly smaller right U1-IC distance
before and after retraction and more right central incisors
intruding into the IC, might indicate that extra concern
should be given to right upper central incisor during
retraction even without a midline shift.

Though not significant, a tendency toward a greater
horizontal retraction of the incisal edge (HRD) and less
lingual tipping of the U1 (DU1/FH) were seen in the
contact group. However, significant differences be-
tween root length decrease in U1s between the contact
and noncontact groups indicated that U1-IC contact
was very likely to contribute to significant root
resorption, which was a similar finding to that of Chung
et al.10 and Nakada et al.9 It was noted that, in some

Figure 5. Cervical root resorption (arrow) caused by contact between

the U1 root neck and the IC.

Figure 4. Apical root resorption (arrow) related to contact between

the U1 apex and the IC.

Table 3. Root Length Decrease in Noncontact and Contact Groups

Noncontact Contact

P ValueN ¼ 50 N ¼ 16

Root length decrease, mm 1.14 6 0.83 2.63 6 0.93 ,.01**

** P , .01.
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cases, lingual tipping of the incisors during retraction
caused contact of the root apex with the labial cortical
bone. However, the root apex was not necessarily the
most susceptible to meeting the IC. Even without a
significant root length decrease, palatal cervical root
resorption resulting from excessive lingual tipping and
lingual movement of the incisal edge of U1 were
revealed by CBCT examination, which might have
been neglected in 2D examinations.

In the current study, the safety rate of unmonitored
retraction by mini-implants was approximately 66.7%
(22 in 33). The actual risk might be lower because this
study included only patients undergoing retraction with
maximum anchorage provided by mini-implants. A
larger sample size might be able to provide more
detailed information for the relationship between U1-IC
contact and root resorption. In conventional cephalo-
metric radiographs, orthodontists cannot evaluate the
relationship between the IC and U1. Therefore, it is
suggested that CBCT be prescribed during treatment
planning to confirm the limit and type of tooth
movement to avoid IC-related root resorption in
patients who planned to have extensive retraction of
the anterior teeth using maximum anchorage.

CONCLUSIONS

� A lower-positioned IC and decreases in the distances
between U1 and the IC significantly contribute to the
contact between U1 and the cortical plate of the IC.
� Contact between U1 and the IC cause significantly

more apical root resorption.
� CBCT might be of greater help than cephalometric

radiographs for evaluating the relationship between
the IC and U1.
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