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Proximity of upper central incisors to incisive canal among subjects with

maxillary dentoalveolar protrusion in various facial growth patterns:

A CBCT analysis

Remsh Khaled Al-Rokhamia; Karim Ahmed Sakranb; Maged Sultan Alhammadic; Mubarak Ahmed
Mashrahd; Baocheng Caoe; Majedh Abdo Ali Alsomairif; Naseem Ali Al-Worafif

ABSTRACT
Objective: To investigate the position of the upper central incisor roots (U1) relative to the incisive
canal (IC) among subjects with maxillary dentoalveolar protrusion in various facial growth patterns.
Materials and Methods: 240 cone beam computed tomography images of skeletal Class I and II
maxillary or bimaxillary protrusive subjects with a mean age of 23.74 6 3.73 years were enrolled
according to their facial growth pattern. The IC volume was measured using Mimics 21 software
(Materialise, Leuven, Belgium). The U1 inter-root distance, width of IC, and their proximity were
estimated using Invivo6 software (Anatomage, San Jose, CA).
Results: The IC volume was slightly greater among the high angle facial group and female patients
than the other groups. Overall, the IC width was greater than the U1 inter-root distance in 55.65%,
57.6%, and 65% among the average, low, and high angle facial groups, respectively, and in 56.5%
and 62.9% of males and females, respectively. The overall anteroposterior (sagittal) distances
between the U1 roots and IC were 4.36 6 1.18, 4.78 6 1.17, and 3.83 6 0.90 mm among the
average, low, and high angle facial groups, respectively.
Conclusions: The high angle facial group and female patients showed slightly greater IC
dimensions than the other groups. The overall maximum sagittal distances between the U1 and IC
were around 5.5, 6, and 4.7 mm among the average, low, and high angle facial groups,
respectively. The low angle facial group and male patients tended to have greater sagittal
distances. Therefore, the present findings could serve as a guideline when a considerable amount
of upper incisor retraction is planned for Class I or II maxillary or bimaxillary dentoalveolar
protrusion patients. (Angle Orthod. 2022;92:529–536.)
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INTRODUCTION

The upper central incisors play an important role in
the appearance, phonetics, and function of individuals.
Various anatomical structures restrict orthodontic tooth
movement, including the periodontal apparatus,
tongue, lips, cheeks, muscles, and cortical plates.1

Consideration of the related limiting structures can
reduce the risk of iatrogenic damage to tooth roots and
alveolar bone while moving teeth orthodontically.2

It was previously thought that the amount of
movement possible for the upper incisors during
orthodontic treatment were greater for retraction and
extrusion than for protraction and intrusion (envelope
of discrepancy).3 The palatal cortical plate was
commonly regarded as the main constraint for retract-
ing the upper centrals.4 However, recent craniofacial
anatomical studies found that the incisive canal (IC)
was encircled by a thick layer of cortical bone and was
closer to the upper central incisors (U1) between the
U1 roots than the palatal cortical plate.5

External apical root resorption is one of the most
common deleterious effects of orthodontic therapy and
has been a challenge to orthodontists for a long time.
Radiographic estimation revealed incidence of root
resorption in a range from 48% to 66%.6,7 About 20% of
cases showed at least one upper incisor with resorp-
tion greater than 2 mm after the first year of therapy.8

Chung et al.9 found contact of the U1 root with the IC
cortical plate and subsequent root resorption was
observed after en-masse retraction of the U1. Pan
and Chen10 found that the root length decreased
significantly more in the U1-IC contact group (2.63 6

0.93 mm) compared to the non-contact group (1.14 6

0.83 mm).
Despite the anatomy of the IC being well known, its

approximate location relative to the U1 is not well-
reported in the orthodontic literature. Cho et al.11

estimated the proximity of the U1 and IC and found
greater than 60% of cases had an IC width greater than
the U1 inter-root distance. Interestingly, a recent
clinical study reported that 53% of cases that under-
went more than 4 mm of incisor retraction revealed IC
invasion by the incisor roots after maximum incisor
retraction. As a result, different degrees of root
resorption were observed with an average of 2.39
mm, and the largest degree of invasion demonstrated
6.2 mm of root resorption.12

‘‘The safety zone’’ of orthodontic retraction may be
less than traditionally thought. Most previous stud-
ies11,13 identified the IC opening (incisive foramen) as
the lowest point of the IC palatal wall rather than the
buccal wall, which was presented in the study by Pan
and Chen.10 They revealed that IC length could be a
risk factor for U1-IC contact, in which the contact group

showed a lower positioned IC (2.86 6 1.10 mm) than
the non-contact group (4.07 6 1.72 mm).10

The vertical growth pattern and its effect on the
consequences of orthodontic therapy is of vital
significance for professionals because the volume
and orientation of facial development are involved in
orthodontic diagnosis and treatment planning as well
as in orthodontic biomechanics and treatment out-
comes.14 Therefore, it is important to reevaluate the
distance between the U1 and IC, considering the facial
growth pattern in reference to the envelope of
discrepancy.

Therefore, the purpose of this study was to evaluate
the proximity of the upper central incisor roots (U1) to
the incisive canal (IC) among subjects with maxillary
dentoalveolar protrusion in various facial growth
patterns of both genders.

MATERIALS AND METHODS

Samples

A retrospective study was performed on subjects
who visited the hospital of Stomatology, Lanzhou
University, China, between 2014 and 2020. The study
was approved by the institutional review board of the
School of Stomatology, Lanzhou University, China
(LZUKQ-2020-20). The sample size was established
using G power software (University of Dusseldorf,
Dusseldorf, Germany) using a 0.05 significance level
and a power around 95%. The estimation was based
on a previous study11 that reported incisive canal width
about 4 6 0.73, 3.7 6 0.73, and 3.5 6 0.94 mm at the
palatal opening of the IC, midlevel, and the root apex of
the U1, respectively. Accordingly, the power analysis
revealed the need to enroll 240 cases in the present
study.

The inclusion criteria were: (1) adults aged 18 to 30
years, (2) the presence of pretreatment high quality
lateral cephalograms and cone beam computed
tomography (CBCT) scans, and (3) skeletal Class I
(ANB from 08 to 48) or Class II (ANB .48) malocclusion
with maxillary or bimaxillary dentoalveolar protrusion.
The exclusion criteria were: (1) facial asymmetry, (2)
large diastema, (3) shift of the maxillary midline �2
mm, (4) history of orthodontic or prosthetic treatment,
(5) missing teeth except the third molars, and (6) tooth
or bone anomalies in the maxillary midline region.

The samples were divided into average, low, and
high angle facial groups based on two angular and one
linear measurement after determinants of Fields et al.15

The sample was identified to have low, average, or
high angle facial growth when MP-SN, PP-MP, and
ANS-Me measured ,278–378., ,198–318., and
,64–72 mm., respectively. Subjects who did not
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meet all mentioned categories, MP-SN, PP-MP, and

ANS-Me, were excluded.

CBCT Analysis

Analysis was done on CBCT images derived from

the I-CAT Imaging System (Imaging Sciences Interna-
tional Inc. Hatfield, PA, USA). All subjects were

scanned with standard protocol: field of view of 17
cm, normalized head position, maximum intercuspa-
tion, horizontal plane parallel to the floor, exposure

parameter settings (120kVp, 20.27 MAs, and 14.9 s),
and image acquisition at 0.4 mm voxel size. Prior to
proceeding with any estimation, all the scans were

realigned parallel to the Frankfort-horizontal (FH) plane
in the sagittal plane.

The internal volume of the IC was segmented using
3D segmentation and image analysis software (Mimics

21, Materialise, Leuven, Belgium), and 3D volumetric
models of the IC were generated from these segmen-
tations (Figure 1). The registered 3D IC models were

cropped superiorly at the floor of the nasal cavity and
inferiorly at the roof of the palate. These 3D models

were used to calculate the IC volume automatically.

Invivo dental imaging software (version 6, Anatom-

age, San Jose, CA) was used to measure the other 3D
parameters and linear measurements. All the linear
measurements were established on the axial cross-

sectional images based on the method of Cho et al.11

with some modifications at three vertical levels situated
on the sagittal plane (Figure 2A). At each of the three

marked levels, landmarks were identified and mea-
surements were established as presented in Figures
2B and 2C. Regarding the sagittal measurements, the
smaller value from the bilateral measures was consid-
ered for analysis.

Statistical Analysis

The statistics were performed using IBM SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY).
Descriptive statistics were reported for all parameters.
One-way analysis of variance (ANOVA) followed by
Tukey test and independent t-test were conducted to
estimate the variances among the facial groups and
genders, respectively. The values were considered
significant at P , .05. All the measurements were
performed by two trained examiners. The intraclass
correlation coefficient (ICC) through Cronbach’s Alpha
test confirmed intra- and interobserver validity, which
ranged from 0.9 to 1.0.

RESULTS

Demographic Data

Two hundred forty adults were selected in the
present study, with a mean age of 23.74 6 3.73 years.
Exactly 49.17% (118) of cases were male and 50.83%
(122) were female. The cases were identified accord-
ing to the facial growth pattern, with 80 (33.3%) cases
in each facial group. The gender and age distribution
among the facial groups is shown in Table 1.

Figure 1. Incisive canal volume measurement shows segmentation of the internal portion of the incisive canal with the resulting 3D model.
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Additionally, skeletal and dental sagittal and vertical
relationships are shown in Table 2.

Incisive Canal Dimensions and Interroot Distances

The incisive canal showed volumetric values about
114 6 34.82, 110 6 41.11, and 118 6 32.29 mm3

among the average, low, and high angle facial groups,
respectively. At H2, the incisive canal width (CI-CI) was

significantly greater in the high angle facial group (3.40
6 0.74 mm) than the low angle facial group (3.06 6

0.79 mm) (Table 3). The IC volume was slightly greater
in females than males, and Cl-Cl was significantly
greater in females compared to males of the average
angle facial group (Table 4). In all the facial groups and
in both genders, Cl-Cl was significantly decreased from
H1 to H3 (P , .001) (Table 5). On the other hand, the
interroot distances (Rm-Rm and Rp-Rp) were slightly
greater in the average and low angle facial groups and
in males than in the high angle facial group and

females (Tables 3, 4). In addition, Rm-Rm was

significantly increased from H1 to H3 (P , .001), while
Rp-Rp was significantly decreased from H1 to H3 (P ,

.001) (Table 5).

At the H1 level, 82.5%, 91.3%, and 85% of average,
low, and high angle facial group cases revealed Cl-Cl
greater than Rm-Rm. At the H2 level, the average, low,
and high angle facial groups showed Cl-Cl greater than
Rm-Rm in 28.8%, 23.8%, and 45% of cases, respec-
tively (Table 6). Additionally, in all facial groups, male
subjects tended to have slightly lower rates of IC width
greater than Rm-Rm at the H1 and H2 levels (Table 6).

Proximity of U1 and IC

At the three vertical levels, almost all the Cl-Root,
Rm-Canal, and Rm-Cat sagittal (anteroposterior) dis-
tances (see Figure 2 for definitions) were significantly
greater among the low angle facial group cases
compared with the average and high angle facial
groups (Table 3). The average angle facial group also
had some sagittal distances significantly greater than

Figure 2. Landmarks and linear measurements. (A) Levels of measurements: H1, the lowest point of the incisive canal buccal wall; H2, midlevel;

H3, root apex level. (B) Landmarks for transverse measurements: Rm, the most medial point of the upper central incisor (U1) root; Rp, the most

posterior point of the U1 root; Cl, the most lateral point of the incisive canal (IC); Rm-Rm, interroot distance; Rp-Rp, posterior interroot distance;

Cl-Cl, canal width. (C) Landmarks for sagittal measurements: Ca, the most anterior point of the IC; Cat, the tangent line through Ca; Rm-Cat, the

anteroposterior distance from Rm to Cat; Rm-Canal, the anteroposterior distance from Rm to the anterior border of the IC; Cl-Root, the

anteroposterior distance from Cl to the posterior border of the U1 root.

Table 1. Descriptive Data of the Enrolled Cases

Facial Group

Gender n (%)

Total n (%) Age (y) Mean 6 SDMale Female

Average 36 (15) 44 (18.33) 80 (33.33) 23.36 6 3.80

Low 48 (20) 32 (13.33) 80 (33.33) 23.74 6 3.52

High 34 (14.17) 46 (19.17) 80 (33.34) 24.11 6 3.86

Total 118 (49.17) 122 (50.83) 240 (100) 23.74 6 3.73
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the high angle facial group. Additionally, these sagittal
distances were slightly greater among males than
females, which was significant in the average angle
facial group (Table 4). At the H3 level, the Cl-Root and
Rm-Canal were not analyzed as the root apex was
farther away from the middle plane than was the most
lateral border of the IC. The Rm-Canal and Rm-Cat
distances were significantly decreased from the H1 to
H3 levels while the Cl-Root was slightly increased and
this was similar among the facial groups and genders
(Table 5).

DISCUSSION

The proximity of the upper incisor (U1) roots to the
incisive canal (IC) or the potential for approximation or
intrusion of the tooth roots into the IC after movement
has not been comprehensively investigated in the
orthodontic literature. Interestingly, the incidence of

orthodontic induced root resorption is by far more

frequent in the upper centrals, even with their larger

tooth dimensions.16 Hence, an evaluation of the

relationship between the upper central incisors and

the incisive canal is a valuable measure to estimate the

risk of expected root resorption. This consideration is

particularly important in maximum retraction cases that

involve Class I or II maxillary or bimaxillary dentoalve-

olar protrusion. Therefore, the current study was

conducted to estimate the position of the upper central

incisors relative to the incisive canal among the

different facial groups of skeletal Class I and II

maxillary and bimaxillary dentoalveolar protrusive

subjects.

Similar to previous findings,11 the current study

revealed that the incisive canal width was significantly

decreased, while the interroot distance was significant-

ly increased from the H1 to H3 levels similarly among

Table 2. Baseline Comparison of 3D Measurements Among the Facial Groups

Measurement Average, Mean 6 SD Low, Mean 6 SD High, Mean 6 SD P Value

ANB (8) 5.13 6 1.78 5.02 6 1.85 5.07 6 2.05 .937

MP-SN (8) 32.85 6 2.61 24.22 6 2.91 39.77 6 2.30 ,.001

ANS-Me (mm) 67.58 6 3.07 60.48 6 2.64 74.84 6 1.99 ,.001

PP-MP (8) 23.77 6 3.30 16.04 6 2.83 34.18 6 2.41 ,.001

SNA (8) 87.13 6 1.87 88.64 6 2.84 86.12 6 2.13 ,.001

SNB (8) 81.97 6 2.14 83.55 6 3.02 81.62 6 2.28 ,.001

A-NV (mm) 5.59 6 3.11 6.49 6 3.23 5.54 6 2.15 .064

B-NV (mm) 0.38 6 4.84 1.06 6 4.89 -0.49 6 3.63 .094

U1-SN (8) 106.64 6 9.29 108.73 6 9.67 109.75 6 6.67 .071

U1-NA (8) 20.48 6 10.07 21.30 6 9.55 23.76 6 7.49 .063

U1-NA (mm) 4.78 6 2.05 4.36 6 1.94 5.18 6 2.02 .038

L1-MP (8) 98.35 6 5.99 103.65 6 7.70 97.07 6 5.34 ,.001

L1-NB (8) 32.87 6 5.67 32.16 6 7.59 33.35 6 5.80 .496

L1-NB (mm) 6.01 6 1.83 4.96 6 1.85 6.32 6 2.15 ,.001

Table 3. Comparison of Measurements (mm) Among the Different Facial Groupsa

Measurement

Average Low High

ANOVA P

Tukey Test

Mean 6 SD Mean 6 SD Mean 6 SD A/L A/H L/H

IC volume 114 6 34.82 110 6 41.11 118 6 32.29 .317 NS NS NS

CI-CI-H1 4.30 6 0.80 4.13 6 0.81 4.22 6 0.78 .412 NS NS NS

CI-CI-H2 3.25 6 0.76 3.06 6 0.79 3.40 6 0.74 .019 NS NS *

CI-CI-H3 2.75 6 0.79 2.62 6 0.76 2.89 6 0.74 .083 NS NS NS

Rm-Rm-H1 3.05 6 0.94 2.86 6 0.97 2.90 6 0.96 .417 NS NS NS

Rm-Rm-H2 4.26 6 1.35 4.04 6 1.18 3.90 6 1.13 .174 NS NS NS

Rm-Rm-H3 7.03 6 1.80 6.92 6 1.81 6.42 6 1.80 .075 NS NS NS

Rp-Rp-H1 7.86 6 0.97 7.90 6 0.93 7.53 6 1.04 .033 NS NS *

Rp-Rp-H2 7.57 6 1.21 7.70 6 1.20 7.35 6 1.15 .159 NS NS NS

Rp-Rp-H3 7.03 6 1.80 6.92 6 1.81 6.42 6 1.80 .103 NS NS NS

CI-Root-H1 3.47 6 1.14 3.94 6 1.21 2.92 6 0.81 0 * * **

CI-Root-H2 3.84 6 1.35 4.09 6 1.21 3.05 6 0.96 0 NS ** **

Rm-Canal-H1 5.24 6 1.02 5.70 6 1.12 4.84 6 0.92 0 * * **

Rm-Canal-H2 4.87 6 1.20 5.36 6 1.12 4.50 6 0.88 0 * NS **

Rm-Cat-H1 4.80 6 1.03 5.34 6 1.13 4.34 6 1.05 0 * * **

Rm-Cat-H2 4.44 6 1.15 4.96 6 1.15 4.06 6 0.96 0 * NS **

Rm-Cat-H3 3.83 6 1.31 4.51 6 1.26 3.38 6 1.02 0 * * **

* P , .05, ** P , .001.
a A indicates average face; ANOVA, analysis of variance; L, low face; H, high face; NS, not significant; SD, standard deviation.
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the facial groups and genders. The high angle facial

group and females showed higher overall rates (65%

and 62.9%, respectively) of IC width greater than the UI

interroot distance compared to the average and low

facial angle groups and males (55.65%, 57.6%, and

56.5%, respectively), especially at the H2 level, and

this could predispose the high angle facial group and

female cases to be at higher risk of possible root

invasion and/or resorption than the other groups.

Additionally, alterations in root parallelism in cases of

poor bracket positioning or addition of root torque

during retraction may also induce root convergence of

the incisors and further reduce the interroot distance.17

Therefore, careful monitoring of the roots throughout

treatment could help avoid iatrogenic complications,

particularly in maximum retraction cases.

A recent clinical study12 had significant and shocking

results, in which 53% of the cases that underwent

maximum retraction showed IC invasion with grade 3

root resorption. The amount of root resorption was

significantly higher with IC invasion than without

invasion (2.39 mm vs 0.82 mm, P , .0001). Based

on the current findings, the overall maximum U1 to IC

sagittal distances were roughly 5.5, 6, and 4.7 mm in

the average, low, and high facial groups, respectively,

somewhat less than that traditionally thought (7 mm) to

be within the ‘‘envelope of discrepancy.’’18 In addition,

the average, low, and high angle facial groups

revealed different overall U1 to IC sagittal measure-

ments of 4.36 6 1.18, 4.78 6 1.17, and 3.83 6 0.9

mm, respectively. Overall, the low angle facial group

showed relatively greater U1 to IC sagittal distance,

which was in agreement with previous investigations,

indicating that the alveolar bone of the low angle facial

group subjects was thicker than that in the other facial

groups.19

The current study also revealed that males tended to

have relatively wider (safe) sagittal distances between

the U1 and IC than females, which was significant in

the average angle facial group. Accordingly, females

might be at greater risk for UI and IC approximation

and subsequent complications than males. Generally,

Table 4. Comparison of Measurements (mm) Between Gender of Each Facial Groupa

Measurement

Average Low High

Male Female P Male Female P Male Female P

IC volume 113 6 29.50 114 6 38.97 NS 108 6 37.76 111 6 46.28 NS 116 6 37.74 119 6 27.94 NS

CI-CI-H1 4.26 6 0.82 4.33 6 0.79 NS 4.18 6 0.92 4.06 6 0.60 NS 4.39 6 0.83 4.09 6 0.72 NS

CI-CI-H2 3.02 6 0.78 3.44 6 0.69 * 3.06 6 0.85 3.04 6 0.69 NS 3.49 6 0.87 3.33 6 0.63 NS

CI-CI-H3 2.51 6 0.76 2.95 6 0.76 * 2.52 6 0.82 2.76 6 0.64 NS 2.99 6 0.92 2.80 6 0.58 NS

Rm-Rm-H1 3.13 6 1.00 2.98 6 0.89 NS 3.06 6 1.03 2.56 6 0.80 * 2.99 6 0.96 2.83 6 0.97 NS

Rm-Rm-H2 4.38 6 1.57 4.16 6 1.15 NS 4.29 6 1.06 3.66 6 1.27 * 4.16 6 1.35 3.71 6 0.89 NS

Rm-Rm-H3 7.04 6 1.85 7.02 6 1.76 NS 7.58 6 1.76 5.91 6 1.37 ** 6.41 6 1.75 6.43 6 1.84 NS

Rp-Rp-H1 7.99 6 0.98 7.76 6 0.96 NS 8.30 6 0.86 7.29 6 0.68 ** 7.86 6 1.07 7.28 6 0.96 *

Rp-Rp-H2 7.63 6 1.41 7.53 6 1.02 NS 8.22 6 1.11 6.93 6 0.88 ** 7.62 6 1.21 7.15 6 1.08 NS

Rp-Rp-H3 7.04 6 1.85 7.02 6 1.76 NS 7.58 6 1.76 5.91 6 1.37 ** 6.41 6 1.75 6.43 6 1.84 NS

CI-Root-H1 3.95 6 1.23 3.08 6 0.89 ** 4.06 6 1.30 3.77 6 1.06 NS 3.13 6 0.74 2.76 6 0.83 *

CI-Root-H2 4.24 6 1.53 3.52 6 1.09 * 4.40 6 1.26 3.63 6 0.97 * 3.12 6 1.01 3.00 6 0.93 NS

Rm-Canal-H1 5.80 6 1.06 4.79 6 0.72 ** 5.96 6 1.11 5.30 6 1.04 * 4.80 6 0.97 4.87 6 0.88 NS

Rm-Canal-H2 5.50 6 1.20 4.35 6 0.94 ** 5.52 6 1.05 5.13 6 1.18 NS 4.53 6 0.88 4.47 6 0.88 NS

Rm-Cat-H1 5.27 6 1.04 4.41 6 0.85 ** 5.53 6 1.12 5.04 6 1.11 NS 4.23 6 1.10 4.42 6 1.02 NS

Rm-Cat-H2 4.95 6 1.24 4.02 6 0.88 ** 5.12 6 1.12 4.74 6 1.18 NS 4.03 6 0.87 4.08 6 1.03 NS

Rm-Cat-H3 4.26 6 1.37 3.49 6 1.17 * 4.61 6 1.34 4.38 6 1.12 NS 3.45 6 1.00 3.41 6 1.05 NS

* P , .05, ** P , .001.
a NS indicates not significant.

Table 5. Comparison of Measurements (mm) at the Different Vertical Heights (H1, H2, and H3)

Measurement N H1, Mean 6 SD H2, Mean 6 SD H3, Mean 6 SD P

Tukey Test

H1/H2 H1/H3 H2/H3

CI-CI 240 4.21 6 0.80 3.23 6 0.77 2.75 6 0.77 0 ** ** **

Rm-Rm 240 2.93 6 0.96 4.07 6 1.23 6.79 6 1.81 0 ** ** **

Rp-Rp 240 7.76 6 0.99 7.54 6 1.19 6.79 6 1.81 0 NS ** **

CI-Root 240 3.44 6 1.14 3.66 6 1.26 NA .048 NA NA NA

Rm-Canal 240 5.26 6 1.08 4.91 6 1.13 NA .001 NA NA NA

Rm-Cat 240 4.82 6 1.14 4.49 6 1.15 3.91 6 1.28 0 * ** **

* P , .05, ** P , .001.
a H1 indicates at the lowest point of incisive canal buccal wall; H2, at midlevel; H3, at root apex; NA not applicable; NS, not significant; SD,

standard deviation.
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these findings were in agreement with those reported
by Klinge et al.20 who found that the alveolar bone
cross sections in males were wider than females.

Even though remodeling of the IC was reported in
some previous studies, contact with or invasion of the
U1 roots to the IC was fairly high after maximum
anterior retraction.21 Chung et al.12 reported only 24%
of subjects showed IC remodeling after maximum
retraction and, a more recent study by Yu et al.21

reported only 11.4% of subjects showed some signs of
IC remodeling. In addition, the remodeling group still
demonstrated apical root resorption, though it was less
than in the non-remodeling group.

Class I or II maxillary or bimaxillary protrusive cases
planned to have maximum maxillary incisor retraction
should be evaluated carefully, considering the U1-IC
relationship, especially for those in the high angle facial
group and for females, who showed a bit shorter
distance between the U1 and IC, and a wider IC width.
The IC could be considered as one of the anatomic/
biologic limiting parameters for orthodontic tooth
movement that was not comprehensively investigated
in the orthodontic literature and could be among the
risk factors that induce root resorption.

Future clinical studies are recommended to esti-
mate, three dimensionally, the possible side effects of
maximum incisor retraction to determine the limits
within the envelope of discrepancy in the 3D era.

CONCLUSIONS

� The high angle facial group and females showed a
relatively higher frequency of IC width greater than
the U1 interroot distance, especially at the H2 level.

� The facial groups showed differences in U1 to IC
sagittal distances, which were significantly greater in
the average and low angle facial groups (4.36 6 1.18
and 4.78 6 1.17 mm, respectively) than in the high
angle facial group (3.83 6 0.90 mm).

� Males had relatively greater sagittal distances than
females, with differences that were significant in the
average angle facial group.
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