Evaluation of alveolar bone remodeling
around maxillary and mandibular central incisors
during orthodontic extraction treatment

using Conebeam CT

Il Gon Kim

The Graduate School
Yonsei University

Department of Dental Science



Evaluation of alveolar bone remodeling
around maxillary and mandibular central incisors
during orthodontic extraction treatment

using Conebeam CT

A Dissertation
Submitted to the Department of Dental Science
and the Graduate School of Yonsei University
in partial fulfillment of the
requirements for the degree of

Doctor of Philosophy

Il Gon Kim

June 2013



This certifies that the dissertation thesis of

Il1 Gon Kim is approved.

Ky =) -

Thesis Supervisor : Hyung Seog Yu

M ?My.&l# K ol

Hyoung Seon Baik

U Ny —

v
C%ng Ju Hwang

Seong Ho Choi

-~

Kee Deog Kim

The Graduate School
Yonsei University

June 2013



B

o
MR

ol
B

AJm

oot =

R4

7| 3]

o

i

A2 Eok AlAE ws

Al
h= |

_
"o

el

oAb 7}

714

§541 Anatomage A}

J

[e)
A

N

I
%]
ofy
alg

s

Vatech A}9]

o

o

2 v

o Ak

2

&=

[e)

L

154 obul A

0

71

M

1 <]

4

201341 6 ¥ A=}k



Table of contents

TS e L 2 ] [~ iii
LiSt OF FIQUES «««x«xxxsnsummnrrrreeeeeeeeaaa e e e e e s e s e e e iv
ABSTRAGCT --creerrranmrmanmraaamnaamneaamn e n et e taameraam s eaamaraamseanseannraannraanns v
TV 10 T T 1 ) 1
Il MATERIALS AND METHODS «++sssssssssssserararaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaans 4
1. Subject selection and lateral cephalometric X-ray and CBCT -------xereeraaranreanae. 4

1) SUDJeCt SEIECTION -« nxnreremre e 5

2) Lateral cephalometric X-ray and CBCT «=---rmrrrammmrmaram e 5

2. Measurements mMethod - -« -«-«sxemeremmme e 6
1) Measurement using lateral cephalometric X-ray «------«r-seerremmmramimnrnanas 6

2) Measurement USING CBCT -x-xxsrrmrmmrmram e 10

3. Statistical analysis of the measured variables - --------xereremmermimninens 14
T = = ] T 15
1. Intra-examiner error teStiNg -«-- -« xrxeremrmmrrm e 15

2. Results of lateral cephalometric X-ray on the total subjects ----------xemremrnennnanns 15

3. Results of lateral cephalometric X-ray according to Tip-Trg Group classification --17

4. Results of CBCT analysiS == x«xxxxsrermrermmrrmnin e 20
1) CBCT analysis of the maxillary central iNnCiSOrs ---------x-mrmvmmimmimmimeanns 20
2) CBCT analysis of the mandibular central iNCiSOrs «--=-r=-rrrerrarmmrmrinrenannan. 23



5. Analysis of CT data according to Tip-Trg Group classification --------=-----serueuane 26

1) CBCT analysis of the maxillary central incisors according to group classification

................................................................................................. 31

1) Relationship between variables of lateral cephalometric X-ray and CBCT
variables in the maxillary central iINCISOrS -« --«-rxmremremmmrmininieee 31

2) Relationship between variables of lateral cephalometric X-ray and CBCT
variables in the mandibular central INCISOrS ««--xexmrermmmrermnieieeee 33

7. Correlation between the variables of lateral cephalometric X-ray and the variables of

CBCT according to Tip-Trqg group classification «-------eseeremerermmmenennnnnane. 34
1) Correlation between maxillary central iNCISOrS ===« =«-=xsxmrermmmrermnarnnannn. 34
2) Correlation between variables of mandibular central iNnCiSOrs «---«--=xxseenanane 35
IV, DISCUSSION = sseeeeeeeeeeee e 36
V. CONCLUSION -erenmurnreenmnenees i 44
] ] N [ =y 46
ABSTRACTS (IN KOREAN) = s rereramneesaen e 52



List of Tables

Table 1. Variables of cephalometric analysis «««-««««=s==ssrsremrmmmmmmmmnrreniniii 7
Table 2. Subjects of Tip-Group and TOr-GrOU ««««««===ssreesssassrrrrrmsasnreeammannreaaaaanns 9
Table 3. Variables 0f CBCT analysis «---«===-srssssrerrrmusmmmmmmmnreeemieee e 11
Table 4. Comparison of Changes of Central Incisor before and after treatment

iN CEPhAIOMELrY ««errrreemmmiee s 16
Table 5. Comparison of Changes of Central Incisor before and after treatment of Tip-Group

and Trg-Group in CephaloMEtry ««-sssssreeesasssrrrrmmmanrrenaarnne e 19
Table 6. Comparison of the CBCT Variables related to Maxillary Central Incisors. ----------- 21
Table 7. Comparison of the CBCT Variables related to Mandibular incisors. ---------=-=-=---- 24
Table 8. Comparison of Alveolar Bone Changes around Maxillary Central Incisor

before and after treatment of Tip-Group and Trg-Group in CBCT -----x-rererunnaras 27
Table 9. Comparison of Alveolar Bone Changes around Mandibular Central Incisor

before and after treatment of Tip-Group and Trg-Group in CBCT -----x-rererunearas 30
Table 10. Correlation between Alveolar bone change and Maxillary incisor retraction. ----- 32

Table 11. Correlation between Alveolar bone change and Mandibular incisor retraction. ----33

Table 12. Correlation between Alveolar bone change and Maxillary incisor of Tip-

Group and Trq_Group e e e eemaeeaeeaeeemeeseemeemaseaeeseeenenaeemananananan s 34

Table 13. Correlation between Alveolar bone change and Mandibular incisor of Tip-

Group and TrQ-GrOU «=r====rerersmrmrer st 35



List of Figures

Figure 1. Reference planes and variables on the lateral cephalometric X-ray -----=---=-xeveeee 8
Figure 2. Classification of Tip-Group and Tr-Group =----««======ssssssserermmsseemmmmmnaeenennnans 9
Figure 3.1. Variables on the CBCT 2D MPR Sagittal View -----xereerememamerennenannns 10
Figure 3.2. Variables on the CBCT 2D MPR Coronal & AXial VIew «-----rereeeeremnanenans 11
Figure 4.1. CBCT analysis of #11 before Treatment ( T1 ) «---xerererermemermmmmmnnianaaens 12
Figure 4.2. CBCT analysis of #11 after Treatment (T2 ) -----xeressrmmmrammmininens 12
Figure 4.3. CBCT analysis of #41 before Treatment ( T1 ) «----erererermrermmmmmnnianaeens 13
Figure 4.4. CBCT analysis of #41 after Treatment (T2 ) ------xermsrrmmmmmmmimiineens 13
Figure 5. AT/T1 ratio of Maxillary INCISOIs «======-sssssrsrrrmnsssemmmmmmneeminee e 22
Figure 6. AT/T1 ratio of Mandibular inCiSOrs ====--«==s==ssssssssrrrmmmmmmrrmmmnaeneeenaaeeeeees 25

Figure 7. AT/T1 ratio of Alveolar Bone around Mx. Central incisor
of Tip-Group and Trq-Group IN CBCT =v-vreeremmamasaanaanaesasmcsasasasnaanaanannaas 28
Figure 8. AT/T1 ratio of Alveolar Bone around Mn. Central incisor

of Tip-Group and Trg-Group in CBCT «-««sxssrrmssssrmmmmmuniiiiaeerna e 31



Abstract

Evaluation of alveolar bone remodeling
around maxillary and mandibular central incisors
during orthodontic extraction treatment

using Conebeam CT

I Gon Kim, D.D.S.,M.S.D.

Department of Dental Science
The Graduate School , Yonsei University

( Directed by Professor Hyung Seog Yu, DDS.,M.S., Ph.D.)

This study was conducted on adult patients who underwent orthodontic extraction
treatment. Lateral cephalometric X-ray and Cone Beam Computed Tomography (CBCT)
were conducted on the subjects before and after treatment. The buccal and palatal alveolar
bone thickness of maxillary and mandibular central incisors at the 3 mm, 6 mm, and 9 mm
apical levels from CEJ, the distance from CEJ to the buccal and palatal alveolar crestal bone,
and the buccal and palatal alveolar bone area from CEJ to 9BT level were measured, and the
changes in the measurement variables before and after treatment were analyzed. The subjects
were divided into the tipping and torque groups according to the movement of anterior teeth
observed in lateral cephalometric X-ray, followed by intra-group analysis and correlation

analysis. The results of this study were as follows.



1. After orthodontic extraction treatment, the 6BT and 9BT of the maxilla

(p<0.01)(p<0.001) and the 6BT and 9BT of the mandible (p<0.05)(p<0.001)
significantly increased. Meanwhile, the PT at 3 mm, 6 mm, and 9 mm apical levels

from CEJ and PABA significantly decreased in both maxilla and mandible (p<0.001).

. After orthodontic extraction treatment, the BABL decreased by 0.22 mm (p<0.01), and
the PABL decreased by 3.83 mm (p<0.001) in the maxilla. Meanwhile, the BABL
decreased by 2.59 mm (p<0.01), and the PABL decreased by 5.82 mm (p<0.001) in the

mandible.

. In the case of Torque group, in the maxilla and mandible, the 6BT (p<0.01) and the
9BT (p<0.001) significantly increased, whereas the 3PT, 6PT, and 9PT significantly
decreased in both maxilla and mandible (p<0.001). The PABL (p<0.001) in the maxilla
and the BABL and PABL (p<0.01)(p<0.001) in the mandible significantly decreased.
BABA in the maxilla (p<0.01) and mandible (p<0.05) significantly increased and

PABA in the maxilla (p<0.001) and mandible (p<0.001) significantly decreased.

. In the case of Tipping group, no significant difference in the BT was found in the
maxilla, but the 3BT (p<0.001) decreased and 9BT (p<0.05) increased in the mandible.
3PT, 6PT (p<0.001) and 9PT (p<0.01) significantly decreased in the maxilla and 3PT
(p<0.05) and 6PT (p<0.01) significantly decreased in the mandible. In addition, BABL
and PABL in the maxilla (p<0.05)(p<0.001) and mandible (p<0.001) significantly
decreased. PABA (p<0.001) in the maxilla and BABA (p<0.01) and PABA (p<0.01) in

the mandible significantly decreased.

Vi



5. After orthodontic extraction treatment, the change of the axis of maxillary and
mandibular incisors and the root movement were highly correlated with the alveolar

bone thickness and area.

In orthodontic extraction treatment for adults who have reduced alveolar regeneration
compared to adolescents, incisors movement type should be determined considering alveolar
bone thickness and periodontal condition before treatment. In the maxilla, as the resorption of
the buccal alveolar bone is insignificant, and that of the palatal alveolar bone is significant but
in the mandible the resorption of both buccal and palatal alveolar bone is significant. So,

mandibular incisor retraction plan should be more carefully established.

Key words : CBCT, Orthodontic extraction treatment, Central incisor, Anterior teeth
retraction, Alveolar bone resorption, Alveolar bone thickness, Alveolar bone

area, Alveolar bone remodeling.
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Evaluation of alveolar bone remodeling
around maxillary and mandibular central incisors
during orthodontic extraction treatment

using Conebeam CT

I Gon Kim, D.D.S.,M.S.D.

Department of Dental Science
The Graduate School , Yonsei University

( Directed by Professor Hyung Seog Yu, DDS.,M.S., Ph.D.)

I. INTRODUCTION

In orthodontic treatment, the maintenance or improvement of the health status of the
periodontal tissue is as important as the achievement of aesthetic and functional goals.
Studies have been actively conducted to determine the optimal force to minimize
possibilities of root resorption, recession of periodontal tissue, dehiscence and fenestration
of alveolar bone during orthodontic treatment." Teeth move via alveolar bone remolding
during orthodontic treatment. The health status of the alveolar bone is important for the
prediction of teeth movement during orthodontic treatment and for the maintenance of the
stability after orthodontic treatment. In addition, alveolar bone height plays a critical role in

the determination of the center of resistance of the anterior teeth during orthodontic



treatment. If the height of the alveolar bone is changed during the treatment, the change of
the center of resistance should be also considered in the process of the maintenance or
improvement of the axis.

In a study using lateral cephalometric X-ray under assumption that the alveolar bone
undergoes physiological remodeling during orthodontic treatment, which is based on the
conventional thinking that the bone traces tooth movement during orthodontic treatment,
tooth movement vs alveolar bone remodeling was reported to be a ratio of 2:1.2 In another
study, the alveolar bone was formed and stably maintained via orthodontic treatment that
moved the canine to the location of the lateral incisor in the case of lateral incisor missing.®

Orthodontic treatment utilizes a remodeling process that is responsive to the stress applied
to the teeth of the alveolar bone. The resorption of the alveolar bone occurs by osteoclasts in
the region where the compressive force is applied to the tooth, and the formation of the
alveolar bone occurs by osteoblasts in the region where the tensile force is applied to the tooth,
via which tooth movement occurs. However, this remodeling process varies depending on
age.” In adolescent patients, alveolar bone regeneration is somewhat expected after tooth
movement. However, alveolar bone regeneration in adults is less expected compared to
adolescent patients.> None the less, many adults undergo orthodontic treatment with premolar
extraction in order to solve bimaxillary protrusion for aesthetic purposes. Furthermore, as
miniscrew implants have been commonly used for anchor reinforcement in the orthodontic
area, the retraction of anterior teeth for improvement of protrusion was further maximized,
leading to tooth movement that is significantly larger compared to the past situation.

In adults, periodontal condition is more disadvantageous compared to adolescents, but
more retraction is required in many cases. Thus, it is important to examine the health

condition of the alveolar bone before treatment, and to assess the remodeling of the alveolar



bone during the treatment. For the improvement of protrusion in adults, the treatment goal is
to the retraction of anterior teeth after premolar extraction. However, if orthodontic treatment
focuses on aesthetic and functional aspects by maximizing the retraction of anterior teeth and
ignoring periodontal condition in adults with significantly low bone regeneration, tooth
movement that exceeds alveolar bone housing occurs, which may result in the loss of
periodontal support.

2-dimensional lateral cephalometric X-rays have been conventionally used for the
establishment and assessment of orthodontic treatment. However, 3-dimensional evaluation
has been conducted due to the common use of CBCT.® It was difficult to quantitatively
analyze maxillary and mandibular incisors individually via analysis using a 2—dimensional
X-ray, but the quantitative analysis of individual teeth was enabled via CBCT.” As the 3-
dimensional axis of individual teeth can be accurately determined and reproduced via CBCT,
the measurement of the tooth and alveolar bone before and after treatment can be performed
for each tooth, and reproducibility and consistency can be maintained.

The purpose of this study was to investigate alveolar bone remodeling around maxillary
and mandibular central incisors during orthodontic extraction treatment in adults. Changes in
the thickness and area of the buccal and lingual alveolar bone around maxillary and
mandibular central incisors were measured and compared using CBCT in order to assess the

relationship of central incisor movement and axial change with alveolar bone remodeling.



Il. MATERIALS AND METHODS

1. Subject selection and lateral cephalometric X-ray and CBCT

Lateral cephalometric X-ray and Cone Beam Computed Tomography Implagraphy SC
8X5 (FOV: 8 cm X 5 cm, Voxel Size : 0.22 mm, Vatech, Seoul, Korea ) were obtained from
patients who visited the author’s clinic for orthodontic treatment for a diagnostic purpose.
They were also obtained from the patients after the completion of orthodontic treatment for
post treatment evaluation. Among the aforementioned patients, 35 adult patients who satisfied
the following criteria according to the results of clinical and radiologic examination were

selected as the subjects of this study.

a. Patient visited the clinic due to protrusion and undergone orthodontic treatment after
extracting four premolars (upper, lower, right, left)

b. Patient had a crowding of maxillary and mandibular incisors <4 mm

c. Patient had not undergone prosthodontic treatment or endodontic treatment of central
incisors.

d. Patient whose dental growth had been completed without orthodontic treatment

e. Patient had not root resorption or periodontal inflammation



1) Subject selection

A total of 35 subject had a mean age of 22 years and 10 months, and they consisted of 5
men ( mean 21 years and 11 months ) and 30 women ( mean 22 years and 9 months ). The
subjects underwent space closure with 022 Roth prescription SWA bracket using Sliding
Mechanic. Miniscrew implants were implanted on maxillary molar area, which were used as

an anchor. The mean treatment period was 34 months.

2) Lateral cephalometric X-ray and CBCT

Before and after treatment, lateral cephalometric X-ray and CBCT were performed on
the subjects in a posture of Natural Head Position (NHP) by referring to vertical and
horizontal guidelines. Digital lateral cephalometric X-ray and CBCT data were obtained
using Implagraphy SC 8X5 ( FOV: 8 cm X 5 cm, Voxel Size : 0.22 mm )(Vatech Inc.). The
data of the digital lateral cephalometric X-ray were analyzed via tracing and
superimposition using QuickCeph® Studio (Quick Ceph Systems, San Diego, CA ), and
CBCT DICOM Data were analyzed using a 3-D analysis software, “OnDemand 3D”

(Cybermed, Seoul, Korea ).



2. Measurement method

1) Measurement using lateral cephalometric X-ray

Each horizontal reference plane that has the best reproducibility was used to assess the
movement of maxillary and mandibular incisors. As for the maxilla, the palatal plane was
used as a reference plane, and the vertical line that passes the ANS was used as a reference
line to assess the posterior retraction of maxillary incisors. The vertical movement was
measured via the shortest distance from the palatal plane. As for the mandible, the mandibular
plane was used as a reference plane, and the vertical line that passes Pogonion was used as a
reference line to assess the posterior retraction of mandibular incisors. The vertical movement

was measured via the shortest distance from the mandibular plane (Table 1)(Figure 1).



Table 1. Variables of cephalometric analysis

Variables Explanation
Maxilla
1to SN Upper Incisors angle to Sella-Nasion Plane
1toPP Upper Incisors angle to Palatal Plane
U1RPP Distance between Upper Incisor Root Apex and Palatal plane
U1IPP Distance between Upper Incisor Crown Tip and Palatal plane
U1RAV Distance between Upper Incisors Root Apex and Perpendicular line to

Palatal plane through ANS

UlIAV Distance between Upper Incisors Crown tip and Perpendicular line to
Palatal plane through ANS

Mandible

IMPA IMPA

L1IPV Distance between Lower Incisors Crown tip and Perpendicular line to
Mandibular plane through Pogonion

L1IRPV Distance between Lower Incisors Root Apex and Perpendicular line to
Mandibular plane through Pogonion

L1IMP Distance between Lower Incisor Crown Tip and Mandibular plane

L1IRMP Distance between Lower Incisor Root Apex and Mandibular plane




ANS vertical

Pog Vertical

Figure 1. Reference planes and variables on the lateral cephalometric x-ray
1.1to SN, 2.1to PP, 3. UIRPP, 4. U1IPP, 5. UIRAV,

6. ULIAV, 7. IMPA, 8. L1IPV, 9. L1RPV, 10. L1IMP, 11. LIRMP



In case where the center of rotation was present in the inside of the tooth depending on the
type of maxillary and mandibular incisor movement, it was classified into the Tipping Group
(Tip-Group) where tipping movement mainly occur. In case where the center of rotation was
present in the outside of the tooth, it was classified into the Torque Group (Trg-Group) where
bodily movement mainly occurs.? Then, alveolar remodeling was investigated according to

the tooth movement type of maxillary and mandibular central incisors (Table 2)(Figure 2).

Tip-Group Trg-Group

Figure 2. Classification of Tip-Group and Trg-Group

Table 2. Subjects of Tip-Group and Tor-Group

Group N
Maxilla
Mx Tip 18
Mx Trq 17
Mandilble
Mn Tip 15
Mn Trq 20




2) Measurement using CBCT

After maxillary and mandibular incisors were selected as the subjects of this study, the
following variables were measured by setting the long axis along the pulp cavity as a

reference line to determine the sagittal long axis of individual teeth (Table 3)(Figure 3, 4)

1) Buccal and palatal bone thickness at 3 mm, 6 mm, and 9 mm apical levels from CEJ
(3BT, 3PT, 6BT, 6PT, 9BT, 9PT)
2) Distance from CEJ to buccal alveolar crestal bone, Distance from CEJ to palatal
alveolar crestal Bone ( BABL,PABL)
- Expressed in negative distance from the point of origin(CEJ) to help
understand the decrease in the measurements to the deterioration.
3) Buccal alveolar bone area from buccal alveolar crest to 9BT level, Palatal alveolar

bone area from palatal alveolar crest to 9PT level ( BABA, PABA)

Figure 3.1. Variables on the CBCT 2D MPR Sagittal view
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"':,,._Buccal

ABL

Axial View : 3mm below CEJ

Figure 3.2. Variables on the CBCT 2D MPR Coronal & Axial view

Table 3. Variables of CBCT analysis

Explanation

3BT

3PT

6BT

6PT

9BT

9PT

BABL

PABL

BABA

PABA

Buccal bone Thickness at the 3 mm apical level from CEJ

Palatal bone Thickness at the 3 mm apical level from CEJ

Buccal bone Thickness at the 6 mm apical level from CEJ

Palatal bone Thickness at the 6 mm apical level from CEJ

Buccal bone Thickness at the 9 mm apical level from CEJ

Palatal bone Thickness at the 9 mm apical level from CEJ

Distance from CEJ to Buccal Alveolar Crestal Bone

Distance from CEJ to Palatal Alveolar Crestal Bone

Buccal Alveolar Bone Area from Buccal Alveolar Crest to 9BT level

Palatal Alveolar Bone Area from Palatal Alveolar Crest to 9PT level

11
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Figure 4.1. CBCT analysis of #11 before Treatment ( T1)
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Figure 4.2. CBCT analysis of #11 after Treatment ( T2)
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Figure 4.3. CBCT analysis of #41 before Treatment (T1)
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Figure 4.4. CBCT analysis of #41 after Treatment ( T2)

13



3. Statistical analysis of the measured variables

The measurement and analysis of the obtained data was conducted by a single person. The

obtained data were statistically analyzed using SPSS.

1) Intra-examiner error testing

Paired t-test was conducted.

2) Results of lateral cephalometric X-ray on the whole subjects

Paired t-Test was conducted.

3) Results of lateral cephalometric X-ray according to Tip-Trq group classification

Levene test was conducted for testing significant difference.

3) Results of CT analysis

Paired t-Test was conducted.

4) Results of CT analysis according to Tip-Trq group classification

Levene test was conducted for testing significant difference

5) Analysis of the correlation between lateral cephalometric X-ray and CT data

Pearson correlation was conducted.

6) Analysis of the correlation between lateral cephalometric X-ray and CT data according to
Tip-Trq group classification

Pearson correlation was conducted.

14



1. RESULTS

1. Intra-examiner error testing

For the assessment of the reliability of the measured values, five samples were randomly
collected, and then measured again by a single person using the same method at an interval of

one week. The result of paired t-test showed no significant difference (p>0.05).

2. Results of lateral cephalometric X-ray on the total subjects

The mean and standards deviation was measured before (T1) and after treatment (T2). A
paired t-test was conducted to test the significance of changes in the angle and vertical and
horizontal movement of maxillary and mandibular central incisors before and after treatment
(Table 4). After the treatment, both maxillary and mandibular central incisors were inclined
lingually, and the proclination of the anterior teeth significantly decreased. As for inclination
of the maxillary central incisors, the 1 to SN was 11.13° inclined lingually and the 1 to PP
was 11.02%inclined lingually (p<0.001). The crown tip and root apex were retracted 5.22 mm
and 0.99 mm posteriorly, respectively (p<0.001)(p<0.01). As for change in the vertical
movement of the maxillary central incisors before and after treatment, the crown tip was 0.54
mm extruded, and the root apex was 0.83 mm intruded (p<0.05).

The mandibular central incisors were 9.69° lingually inclined after treatment (p<0.001).

The crown tip was retracted 5.12 mm posteriorly, and the root apex was retracted 2.01 mm

15



posteriorly (p<0.001). Compared to the status before the treatment, the crown tip was 2.06

mm intruded (p<0.001), and the root apex was 2.21 mm intruded after the treatment

(p<0.01).

Table 4. Comparison of Changes of Central Incisor before and after treatment

in cephalometry

T1(Before Tx) T2(After Tx) AT(T2-T1) p-
Variables Mean SD Mean SD Mean SD value
Maxilla
1to SN(°) 110.25 3.93 99.13 5.84 -11.12 4.07 el
1to PP(°) 120.38 4.04 109.36 5.55 -11.02 4.04 el
U1RAV(mm) -7.30 1.77 -8.30 2.30 -1.00 1.56 *x
ULIAV(mm) 4.49 2.32 -0.72 2.76 -5.21 1.33 ke
U1RPP(mm) 10.57 2.13 9.74 2.61 -0.83 1.27 *
U1IPP(mm) 30.74 2.32 31.28 2.58 0.54 1.42 *
Mandible
IMPA(°) 100.22 7.67 90.53 7.53 -9.69 5.63 Fxk
L1IPV(mm) -6.21 3.31 -11.34  3.67 -5.13 1.92 ke
L1IRPV(mm) -9.51 1.53 -11.52 2.13 -2.01 1.37 Fxk
L1IMP(mm) 43.68 3.02 41.62 2.98 -2.06 1.09 Frk
L1IRMP(mm) 24.41 2.84 22.29 2.89 -2.22 1.47 wx

(* p<0.05, ** p<0.01, *** p<0.001)

16



3. Results of lateral cephalometric X-ray according to Tip-Trq

Group classification

A Levene test was conducted to test the variables measured before (T1) and after treatment
(T2). After the mean and standard deviation of the variables were obtained, changes in the
angle and vertical and horizontal movement of the maxillary and mandibular central incisors
before and after treatment were tested for their significance (Table 5).

The maxillary anterior teeth were 12.77° and 12.86° lingually inclined against the SN plane
and palatal plane in the Tip-Group (p<0.001), whereas they were 7.39° and 7.56° lingually
inclined against SN plane and palatal plane in the Trg-Group (p<0.001). The crown tip of the
maxillary incisors was retracted 4.85 mm posteriorly in the Tip-Group, whereas it was
retracted 5.28 mm posteriorly in the Trg-Group (p<0.001). As for root apex movement, no
significant difference in the root apex movement before and after treatment was found in the
Tip-Group, but the root apex was retracted 2.34 mm posteriorly in the Trg-Group (p<0.001).
As for vertical movement, the crown tip of the Tip-Group was 0.99 mm extruded, which was
statistically significant (p<0.01).

The mandibular anterior teeth were 12.15° lingually inclined in the Tip-Group (p<0.001),
whereas they were 7.3° lingually inclined in the Trg-Group (p<0.001). As for the movement
of the crown tip of the mandibular anterior teeth, the crown tip was 4.82 mm posteriorly
retracted in the Tip-Group, whereas it was 5.24 mm posteriorly retracted in the Trg-group
(p<0.001). As for the movement of the root apex of the mandibular anterior teeth, the root
apex was 0.84 mm posteriorly retracted in the Tip-Group (p<0.01), whereas it was 2.96 mm

posteriorly retracted in the Trg-Group (p<0.001). As for the vertical movement of the crown

17



tip of the mandibular anterior teeth, the crown tip was 1.97 mm intruded in the Tip-Group
(p<0.001), whereas it was 2.11 mm intruded in the Trg-Group (p<0.001). As for the vertical
movement of the crown tip, the crown tip was 1.79 mm intruded in the Tip-Group (p<0.01),

but no significant difference was found in the Trg-group.

18



Table 5. Comparison of Changes of Central Incisor before and after treatment of Tip-

Group and Trg-Group in cephalometry

T1(Before Tx) T2(After Tx) AT(T2-T1) p-value
Variables Group Mean SD Mean sD Mean SD
Maxilla
1to SN(°) Tip 109.59 4.57 96.73 5.94 -12.86 3.24 el
Trq 108.88 4.08 101.32 6.02 -7.56 4.33 el
1toPP(°) Tip 120.96 4.57 108.19 6.46 -12.77 3.30 el
Trq 117.68 3.39 110.29 5.78 -7.39 4.19 folakel
U1RAV(mm) Tip -6.63 1.98 -6.57 1.67 0.06 1.11 NS
Trq -6.67 1.67 -9.01 2.21 -2.34 1.50 el
ULIAV(mm) Tip 5.17 2.44 0.32 3.25 -4.85 1.20 kil
Trq 3.64 2.05 -1.64 2.12 -5.28 1.70 el
U1RPP(mm) Tip 10.77 2.33 10.51 2.58 -0.26 2.04 NS
Trq 11.53 2.46 11.21 2.03 -0.32 2.07 NS
U1IPP(mm) Tip 30.42 2.52 31.41 2.58 0.99 1.32 *x
Trq 31.22 1.88 31.14 2.63 -0.08 1.29 NS
Mandilbe
IMPA(°) Tip 101.49 7.28 89.34 6.73 -12.15  4.92 Fxk
Trq 98.44 8.19 91.05 8.98 -7.3 5.84 Fxk
L1IPV(mm) Tip -5.14 3.29 -9.96 3.43 -4.82 1.74 faleal
Trq -7.04 3.28 -12.28 3.74 -5.24 2.19 foleal
L1IRPV(mm) Tip -8.91 1.37 -9.75 1.33 -0.84 0.76 **
Trq -9.54 1.89 -12.49 1.82 -2.96 1.20 Frk
L1IMP(mm) Tip 43.17 3.54 41.20 3.33 -1.97 0.94 il
Trq 4417 2.65 42.06 2.74 -2.11 1.32 el
L1IRMP(mm) Tip 24.47 2.84 22.68 2.89 -1.79 1.48 **
Trq 25.12 3.42 24.06 2.32 -1.07 2.71 NS

(*p<0.05, ** p<0.01, *** p<0.001)

19



4. Results of CBCT analysis

1) CBCT analysis of the maxillary central incisors

After the posterior retraction of the maxillary central incisors, no significant difference in
the buccal bone thickness at the 3 mm apical level from CEJ was found, but significant
differences in the changes in the other variables were found. The buccal bone thickness at the
6 mm apical level from CEJ (6BT) increased by +0.22 mm (+24 %)(p<0.01), and the buccal
bone thickness at the 9 mm apical level from CEJ (9BT) increased by +0.52 mm (+54 %)
(p<0.001). The palatal bone thickness at 3 mm (3PT), 6 mm (6PT), and 9 mm (9PT) apical
level from CEJ decreased by - 0.93 mm ~ - 1.43 mm (-29 % ~ -74 %). The 6PT decreased by
-1.43 mm, which showed the largest decrease, but the decreased percentage of the thickness at
3 mm apical level from CEJ was -74 %, which was the largest decrease percentage (p<0.001).
As for changes in the vertical length of the alveolar bone, the BABL decreased by -0.22 mm
(-14 %)(p<0.01), and the PABL decreased by -3.83 mm (-309 %)(p<0.001). As for changes
in the alveolar bone area, the BABA increased by +1.27 mm? (+19 %)(p<0.05), but the

PABA decreased by -7.81 mm? (-55 %)(p<0.001). (Table 6)(Figure 5)
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Table 6. Comparison of the CBCT Variables related to Maxillary Central Incisors.

Mx T1(n=70) T2(n=70) AT(T2-T1) AT/TL -
Incisor ratio value
Mean  SD Mean  SD Mean  SD

3BT(mm) 0.93 0.28 0.93 0.42 0.00 0.39 0.00 NS
3PT(mm) 1.33 0.52 0.34 0.42 -0.99 0.52 -0.74 Fex
6BT(mm) 0.91 0.31 1.13 0.46 0.22 0.41 0.24 **
6PT(mm) 2.27 1.19 0.84 0.87 -1.43 1.15 -0.63 Fx
9BT(mm) 0.97 0.38 1.49 0.71 0.52 0.64 0.54 ool
9PT(mm) 3.16 1.06 2.23 1.47 -0.93 0.93 -0.29 Fx
BABL(mm) -1.57 0.47 -1.79 0.63 -0.22 0.45 -0.14 **
PABL(mm) -1.24 0.41 -5.07 3.10 -3.83 3.04 -3.09 Fx
BABA(MmM?) 654  1.87 781 307 127 289 0.19 *

PABA(mm?) 14.23 5.17 6.42 5.27 -7.81 4.70 -0.55 Fx

(*p<0.05, ** p<0.01, *** p<0.001)
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2) CBCT analysis of the mandibular central incisors

After the posterior retraction of the mandibular central incisors, no significant difference in
the change in the buccal bone thickness at the 3 mm (3BT) apical level from CEJ was found.
However, the buccal bone thickness at the 6 mm (6BT) apical level from CEJ increased by
+0.40 mm (+87 %)(p<0.05), and the buccal bone thickness at 9 mm (9BT) apical level from
CEJ increased by +1.04 mm (+104 %), which showed significant differences (p<0.001).

The palatal alveolar bone thickness at the 3 mm (3PT), 6 mm (6PT), and 9 mm (9PT)
apical level from CEJ decreased significantly ranging -0.63 ~ -0.99 mm (-55 % ~ -88 %)
(p<0.001). The thickness at the 9 mm apical level from CEJ decreased by -0.99 mm (-55 %),
which was the largest decrease amount, but the thickness at the 3 mm apical level from CEJ
decreased by -88 %, which was the largest decrease percentage.

As for changes in the vertical ABL, the BABL decreased by -2.59 mm (-175 %)(p<0.001),
and the PABL decreased by -5.82 mm (-285 %)(p<0.001). As for changes in the alveolar area,
no significant difference in the BABA was found, but the PABA decreased by -5.47 mm? (-

75 %)(p<0.001). (Table 7)(Figure 6)
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Table 7. Comparison of the CBCT Variables related to Mandibular incisors.

Mn T1(n=70) T2(n=70) AT(T2-T1) AT/TL  p-
Incisor ratio value
Mean  SD Mean  SD Mean  SD

3BT(mm) 0.70 0.57 0.50 070 -0.20 0.83 -0.29 NS
3PT(mm) 0.72 0.55 0.09 0.41 -0.63 0.68 -0.88 Fex
6BT(mm) 046 017 086 111 040  1.07 0.87 *

6PT(mm) 1.07 0.48 0.23 0.71 -0.84 0.60 -0.79 Fx
9BT(mm) 1.00 0.53 2.04 1.57 1.04 1.35 1.04 ool
9PT(mm) 1.79 0.77 0.80 1.19 -0.99 0.86 -0.55 Fx
BABL(mm) -1.48 0.47 -4.07 2.53 -2.59 -2.55 -1.75 **
PABL(mm) -2.04 0.50 -7.86 2.39 -5.82 -2.44 -2.85 Fx
BABA(MmM?) 484 104 589 550 105  4.97 0.22 NS
PABA(MmM?) 7.33 2.60 1.86 4.39 -5.47 3.54 -0.75 Fx

(*p<0.05, ** p<0.01, *** p <0.001)
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5. Analysis of CT data according to Tip-Trg Group classification

1) CBCT analysis of the maxillary central incisors according to group

classification

No significant difference in the buccal bone thickness at the 3 mm (3BT-Tip), 6 mm (6BT-
Tip), and 9 mm (9BT-Tip) apical level from CEJ was found in the Tip-Group. Meanwhile, the
palatal bone thickness at the 3 mm (3PT-Tip), 6 mm (6PT-Tip), and 9 mm (9PT-Tip) apical
level from CEJ decreased by -0.95 mm (70 %), -1.45 mm (-58 %)(p<0.001), and -0.73 mm (-
87 %), respectively(p<0.01). On the other hand, no significant difference in the buccal bone
thickness at the 3 mm (3BT-Trq) apical level from CEJ was found in the Trg-Group. However,
the buccal bone thickness at the 6 mm (6BT-Trg), and 9 mm (9BT-Trq) apical level from CEJ
increased by 0.37 mm (39 %) (p<0.01) and 0.85 mm (82 %)(p<0.001), respectively, in the Trg-
Group. The palatal bone thickness at the 3 mm (3PT-Tip), 6 mm (6PT-Tip) and 9 mm (9PT-Tip)
apical level from CEJ decreased by -0.95 mm (-70%), -1.45 mm (-58 %), and -0.73 mm (-
22 %), respectively, in the Tip-Group (p<0.001). The palatal bone thickness at the 3 mm (3PT-
Trg), 6 mm (6PT-Trq), and 9 mm (9PT-Trq) apical level from CEJ decreased by -1.04 mm (-
80 %), -1.42 mm (-70 %), and -1.14 mm (-38 %), respectively, in the Trg-Group (p<0.001).

The BABL decreased by -0.28 mm (-18 %) (p<0.05), whereas the PABL decreased by -
2.56 mm (-213 %) in the Tip-Group (p<0.001). Meanwhile, no significant difference in the
BABL was found, but the PABL decreased by -5.15 mm (-396 %) in the Trg-Group. As for
changes in the alveolar bone area, no significant difference in the BABA was found, but the

PABA decreased by -7.48 mm? (-50 %) in the Tip-Group (p<0.001). The BABA increased by
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2.14 mm? (31 %) (p<0.01) whereas the PABA decreased by -8.16 mm? (-61 %) in the Trg-

Group(p<0.001). (Table 8)(Figure 7)

Table 8. Comparison of Alveolar Bone Changes around Maxillary Central Incisor

before and after treatment of Tip-Group and Trg-Group in CBCT

Mx T1 T2 AT(T2-T1)  ATTI  p-
Incisor Group Mean  SD Mean  SD Mean  SD ratio value
3BT Tip 0.89 0.29 0.81 0.47 0.07 0.43 0.08 NS
(mm) Trq 0.97 0.27 1.05 0.34 0.08 0.33 0.08 NS
3PT Tip 1.36 0.49 0.41 0.39 -0.95 0.47 -0.70 Fx
(mm) Trq 1.30 0.56 0.26 0.45 -1.04 0.59 -0.80 Fx
6BT Tip 0.87 0.31 0.96 0.48 0.09 0.38 0.10 NS
(mm) Trq 0.94 0.32 131 0.39 0.37 0.41 0.39 **
6PT Tip 2.49 1.48 1.04 0.65 -1.45 1.40 -0.58 ekl
(mm) Trq 2.04 0.74 0.62 1.03 -1.42 0.85 -0.70 Fx
9BT Tip 0.91 0.42 1.10 0.60 0.20 0.41 0.22 NS
(mm) Trq 1.04 0.33 1.89 0.61 0.85 0.68 0.82 Fx
9PT Tip 3.28 1.00 2.55 121 -0.73 0.87 -0.22 **
(mm) Trq 303 114 189 168 -1.14 097 -0.38  xx*
BABL Tip -1.60 055 -1.88 070 -0.28 050 -0.18 *

(mm) Trq -1.56 0.39 -1.69 0.57 -0.13 0.39 -0.08 NS
PABL Tip -1.20 0.37 -3.76 2.00 -2.56 1.99 -2.13 Fx
(mm) Trq -1.30 0.44 -6.45 3.50 -5.15 3.44 -3.96 Fx
BABA Tip 6.11 1.88 6.58 2.96 0.47 2.82 0.08 NS

(mmd)  Trg 698 180 912 267 214 279 031
PABA  Tip 1499 473 751 420 -748 399 -050
(mmd)  Trq 1342 565 526 612 -816 546 -0.61

*k%

*k*k

(*p<0.05, ** p<0.01, *** p<0.001)
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Figure 7. AT/T1 ratio of Alveolar Bone around Mx. Central incisor

of Tip-Group and Trg-Group in CBCT

2) CBCT analysis of the mandibular central incisors according to group

classification

In the Tip-Group, the buccal bone thickness at the 3 mm apical level from CEJ (3BT-Tip)

decreased by -0.41 mm (-71 %)(p<0.001), but no significant difference was found at the 6

mm apical level from CEJ (6BT-Tip). The buccal bone thickness at the 9 mm (9BT-Tip)

apical level from CEJ increased by +0.40 mm (+41 %)(p<0.05). In the Trg-Group, no

significant difference in the buccal bone thickness at the 3 mm (3BT-Trq) apical level from

CEJ was found, but the buccal bone thickness at the 6 mm (6BT-Trq) and 9 mm (9BT-Trq)
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apical level from CEJ increased by +0.61 mm (+124 %)(p<0.01) and +1.51 mm (+145 %),
respectively (p<0.001). In the Tip-Group, the palatal bone thickness at the 3 mm (3PT-Tip)
and 6 mm (6PT-Tip) apical level from CEJ decreased by -0.69 mm (-78 %)(p<0.05) and -
0.76 mm (-61 %)(p<0.01), respectively, but no significant difference was found at the 9 mm
(9PT-Tip) apical level from CEJ was found. Meanwhile, in the Trg-Group, the palatal bone
thickness at the 3 mm (3PT-Trg), 6 mm (6PT-Trq), and 9 mm (9PT-Trq) apical level from
CEJ decreased by -0.6 mm (-100 %)(p<0.001), -0.90 mm (-96 %), and -1.42 mm (-87 %) ,
respectively (p<0.001).

In the Tip-Group, the BABL decreased by -3.65 mm (-237 %)(p<0.001), whereas the
PABL decreased by -4.24 mm (-198 %)(p<0.001). Meanwhile, in the Trg-Group, the BABL
decreased by -1.79 mm (-124 %)(p<0.01), whereas the PABL decreased by -6.99 mm (-
354 %)(p<0.001). As for changes in the alveolar bone area, the BABA decreased by -1.66
mm? (-36 %)(p<0.01), and the PABA decreased by -4.72 mm? (-57 %)(p<0.01) in the Tip-
Group. Meanwhile, the BABA increased by +3.08 mm® (61 %)(p<0.05), but the PABA

decreased by -6.05 mm? (-90 %)(p<0.001) in the Trg-Group. (Table 9)(Figure 8)
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Table 9. Comparison of Alveolar Bone Changes around Mandibular Central Incisor

before and after treatment of Tip-Group and Trg-Group in CBCT

Mn T2 AT(T2-T1)  ATTL  p-
Incisor

Group  Mean  SD Mean  SD Mean  SD ratio  value
3BT Tip 0.58 0.21 0.17 0.26 -0.41 0.23 -0.71 ikl
(mm) Trq 0.78 0.74 0.75 0.82 -0.03 1.06 -0.04 NS
3PT Tip 0.88 0.79 0.19 0.62  -0.69 1.02 -0.78 *
(mm) Trq 0.60 0.24 0.00 0.03 -0.60 022 -1.00 il
6BT Tip 0.41 0.13 0.54 1.22 0.13 1.22 0.32 NS
(mm) Trq 0.49 0.18 1.10 0.98 0.61 0.92 1.24 *x
6PT Tip 1.25 0.58 0.49 1.03 -0.76 0.84 -0.61 *x
(mm) Trq 0.94 0.36 0.04 0.11 -0.90 0.32 -0.96 el
9BT Tip 0.96 0.52 1.36 0.84 0.40 0.71 0.41 *
(mm) Trq 1.04 055 255 1.81 1.51 153 145  *x*
9PT Tip 2.01 0.90 1.58 1.46 -0.43 0.93 -0.21 NS
(mm) Trq 1.63 0.63 0.21 0.36 -1.42 0.50 -0.87 Fxk
BABL Tip -1.54 0.45 -5.19 2.09 -3.65 2.02 -2.37 Fxk
(mm) Trq -1.44 0.49 -3.23 2.56 -1.79 2.65 -1.24 **
PABL Tip -2.14 0.41 -6.39 2.65 -4.24 2.54 -1.98 il
(mm) Trq -1.97 056 -896 144 -699 158 -354  *x=*
BABA Tip 4.57 0.81 291 1.97 -1.66 191 -0.36 i
(mm?) Trq 504 117 812 626 308 560 061 *
PABA Tip 8.14 2.97 3.42 6.20 -4.72 4.87 -0.57 **
(mm?) Trq 673 218 068 167 605 204 -090  x**

(*p<0.05, ** p<0.01, *** p<0.001)
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6. Relationship between variables of lateral cephalometric X-ray

and CBCT variables

1) Relationship between variables of lateral cephalometric X-ray and

CBCT variables in the maxillary central incisors

As for the relationship with the maxillary central incisors, the change in the angle of the
maxillary central incisors was highly correlated with root movement. The palatal inclination

of the maxillary central incisors had a strongly positive correlation with the changes in the
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buccal alveolar bone thickness at the 3 mm (p<0.05), 6 mm (p<0.01), and 9 mm (p<0.01)
apical level form CEJ, and had a weakly positive correlation with the change in the buccal
alveolar bone area (p<0.05). The root apex of the anterior teeth rather than the crown tip had a
correlation with more CBCT variables. The posterior retraction of the root apex was
positively correlated with the changes in the buccal bone thickness at 6 mm (p<0.05) and 9
mm (p<0.01) apical level from CEJ. Also, the posterior retraction of the root apex was
negatively correlated with the PABL (p<0.05) and positively correlated with the buccal
alveolar bone area (p<0.01). The extrusion of the crown of maxillary incisors was negatively

correlated with the BABL (p<0.01). (Tablel10)

Table 10. Correlation between Alveolar bone change and Maxillary incisor retraction.

Maxilla 3BT 3PT 6BT 6PT 9BT 9PT BABL PABL BABA PABA

1to SN(°) 366 -142  .431** 021 547**  -304  .089 -236  .346* -.210
1to PP(°) 336* -172 412 -036  .558** -356* .118 -263  .346*  -.257
ULIRAV(mm) |.245 -202  .390* -074  .618** -300 .202 -415* .348* -.163
UlIAV(mm) |-109 -032 -036 -046 .093 120 147 -115 015 132

U1RPP(mm) |-283 -195 -.087 .037 -075  -284 -294 -208 -154 -293

U1IPP(mm) -320 -144 -206 .074 -282 -199 -377* -131 -268  -.189

(* p<0.05, ** p<0.01)
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2) Relationship between variables of lateral cephalometric X-ray and

CBCT variables in the mandibular central incisors

As for the relationship with the mandibular central incisors, the lingual inclination of the
mandibular central incisors was correlated with the alveolar bone thickness at the 9 mm apical
level form CEJ; positive correlation with the BT (p<0.01) and negative correlation with the
PT (p<0.01). The palatal inclination of the mandibular central incisors was negatively
correlated with the PABL (p<0.05) and positively correlated with the BABA (p<0.05), but
was uncorrelated with the changes in the PABA. The palatal movement of the mandibular
incisor root was significantly correlated with the alveolar bone thickness at the 9 mm apical
level form CEJ; positive correlation with the buccal bone thickness (p<0.05), and negative
correlation with the palatal bone thickness (p<0.01). The palatal movement of the incisor root
was strongly correlated with the decreased PABL (p<0.01), and positively correlated with the

buccal bone area (p<0.05). (Table 11)

Table 11. Correlation between Alveolar bone change and Mandibular incisor retraction.

Mandible 3BT 3PT 6BT 6PT 9BT 9PT BABL PABL BABA PABA

IMPA(°) .084 -179  .087 -146  439**  -542** 299 -353* .390* -.270
L1IPV(mm) .033 .187 .010 .026 -232 232 -135  .042 -201 145
L1IRPV(mm) |.199 .039 273 -180  .424*  -510** .280 -470%* .395*  -.202
L1IMP(mm) |-111 -119 -170 .087 -326  .024 -.007  .065 -285 012

LIRMP(mm) |-201 -.075 -350* .003 -295  -055 -209 -162 -285 @ -117

(* p<0.05, ** p<0.01)
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7. Correlation between the variables of lateral cephalometric X-ray and

the variables of CBCT according to Tip-Trq group classification

1) Correlation between maxillary central incisors

The change of the axis of the maxillary central incisors was correlated with the 9PT-Tip,

and the 1 to PP was negatively correlated with the PABA (p<0.05). The extrusion of the

crown tip of the Trg-Group was negatively correlated with the 9PT-Trq (p<0.05). (Table 12)

Table 12. Correlation between Alveolar bone change and Maxillary incisor of Tip-

Group and Trg-Group .

Maxilla 3BT 3PT 6BT 6PT 9BT O9PT BABL PABL BABA PABA
1toSN  Tip|.296  -331 346  -199 318  -532* -028 -219 271  -.462
(% Trq|.221 222 060 321 180  .018  -142 246 033  -.017
1toPP  Tip|.300 -437 353  -272 406  -631** -059 -245 316  -578*
&) Trq|.141 264 004 312 135 015 -162 237 -018 -.006
UIRAV Tip|-020 -035 034 -359 .032  -137 -064 -247 -007 ~-225
(mm)  Trq|.050 -225 315  -240 349  -401 -180 -247 182  -.269
ULIAV  Tip|}336 282 -338 -004 ~-165 .392  .038 217 -229 .298
(mm)  Trq|.061 -311 134  -214 -209 -070 249  -218 171  -.024
UIRPP  Tip|-138 -235 -015 258 .116 -270 .008 -010 .083  -225
(mm)  Trq|.044 154  -237 209 083 116 .137 024  -095 .088
ULIPP  Tip|-230 -134 -086 .392 -234 -008 -327 -305 -144 -062
(mm)  Trq|-396 -251 -092 -462 -044 -651* -469 -450 -257 -383

(*p<0.05, **p<0.01)
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2) Correlation between variables of mandibular central incisors

The change of the axis of the mandibular central incisors was negatively correlated with the
9PT-Tip (p<0.05), and positively correlated with the 9BT-Trq (p<0.05). In addition, the
change of the axis was positively correlated with the increased BABA (p<0.05). The
retraction of the mandibular root was positively correlated with the increased PABA of the

Trg-Group (p<0.05). (Table 13)

Table 13. Correlation between Alveolar bone change and Mandibular incisor of Tip-

Group and Trg-Group

Mandible 3BT 3PT 6BT 6PT 9BT 9PT BABL PABL BABA PABA

IMPA  Tip |.210  -459 -261 -226 .188  -633* .175  -261 .287  -.249
6 Trg [-002 -119 440  -051 .542% -289 213 055 .461*  -.325
LLIPV  Tip |-301 .363 .263 -016 -059 .316 -306 249  -254 .029
(mm)  Trq |.036 324  -285 195  -420 281  -148 -025 -358  .462*
LIRPV Tip |-122 -105 226  -427 263  -132 -197 069 114  -381
(mm)  Trg [.043 081 207 012 .87  -166 .147 -115 161  -.021
L1IMP Tip |-097 -157 .042 239 -323 226 .035 182  -150 .212
(mm)  Trq |-115 -189 -338 -130 -366 -188 -023 -010 -290 -.244
LIRMP Tip |-367 .007  -401 -233 276  -051 -122 -490 -097 -.298

(mm) Trq |.164 266 063 -036 .116 -171 -070 .075 028  .142

(*p<0.05, **p<0.01)
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IV. DISCUSSION

To meet the aesthetic desire of many Asian patients who have alveolar protrusion of
maxillary and mandibular teeth via protrusion improvement, the posterior retraction of
maxillary and madibular incisors after premolar extraction has been commonly performed.
The result of this method is predictable.” Orthodontic treatment is increasingly conducted on
adults compared to the past. However, as alveolar remodeling during orthodontic treatment
significantly differs between adult and adolescent patients, the excessive posterior retraction
of incisors may cause the dehiscence or fenestration of the alveolar bone in adults who have
reduced alveolar remodeling ability. ****

If the goal of orthodontic treatment emphasizes aesthetic and function without considering
periodontal condition, it may raise a concern about stability after treatment. Thus, many
researchers recommend that the excessive posterior retraction of maxillary and mandibular
incisors that may cause alveolar bone damage should be avoided.” ' In a study using lateral
cephalometric X-ray, Vardimon et al.? suggested that the ratio of alveolar remodeling to tooth
movement should be 2:1. However, that study had limitations of adolescent subjects, a small
sample number, and the use of 2D cephalometric images. Accordingly, this study was
conducted to investigate alveolar remodeling in adults using both lateral cephalometric X-ray
and CBCT.

For the maximization of the posterior retraction of incisors, miniscrew implants have been
commonly used as an efficient device for anchor reinforcement in orthodontic treatment.** *®

Thus, the posterior retraction of the incisors was controlled using a miniscrew implant in the

maxillary molars of the subjects in this study. In a study that measured alveolar remodeling of
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incisors using cephalometric X-ray and CBCT in patients who underwent space closure using
the miniscrew implant after premolar extraction. Ahn et al."* reported that the axis of the
maxillary incisors was 10.42° lingually inclined, and the crown tip and root apex were 5.66
mm and 0.63 mm posteriorly retracted, respectively. Meanwhile, this study showed that the
axis of the maxillary incisors was 11.13° and 11.02° lingually inclined against the SN plane
and palatal plane, respectively, and the crown tip and root apex were 5.22 mm and 0.83 mm
posteriorly retracted, which were similar to the result of the study conducted by Ahn et al.** In
addition, in this study, the axis of the mandibular incisors was 9.69° lingually inclined against
the IMPA, and the crown tip and root apex were 5.12 mm and 2.01 mm posteriorly retracted.
With the common utilization of CBCT in orthodontic treatment, studies that investigated
alveolar remodeling using 3D VR images have been conducted, and the results of these
studies were reported to be relatively accurate.®*>*® However, Ising et al.’” reported that the
accuracy of 2D MPR images was high when dehiscence of alveolar bone was analyzed using
CBCT. Gauthier et al.*® compared the outcome of surgically assisted RME before and after
treatment using 2D MPR images. Lund et al.'® reported that CBCT was useful for the
observation of alveolar change and root resorption during orthodontic treatment. In this study,
the 3-D long axis was set for maxillary and mandibular right and left central incisors to
reproduce the measurement area of the alveolar bone before and after treatment, and then the
alveolar remodeling at the 3 mm, 6 mm, and 9 mm apical level from CEJ was analyzed using
2D MPR images. Before the common use of CBCT in dentistry, studies on alveolar
remodeling during orthodontic extraction treatment had already been conducted. However,
due to the limitation of 2D lateral cephalometric X-ray, it was difficult to analyze changes of
individual teeth and alveolar bone. Various studies have been conducted to investigate

alveolar remodeling before and after orthodontic treatment using CBCT. In a previous study,
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the root was divided into three parts, and alveolar bone thickness was analyzed in these three
parts. However, as root resorption during orthodontic treatment may occur regardless of its
significance, the reference point of a three-part measurement may be changed due to the
shortened root after treatment. This change, in turn, may affect the alveolar bone thickness
and area around the measured sites. Thus, in this study, the regions at the 3 mm, 6 mm, and 9
mm apical levels from CEJ were selected as the reference line to avoid the influence of root
resorption.

Nowzari et al.*°

reported that less than 3 % of adult patients had a buccal alveolar bone
thickness of anterior teeth of >2 mm. Braut et al.?° reported that approximately 90 % of adult
patients had a buccal alveolar bone thickness of maxillary anterior teeth of <1 mm and had no
alveolar bone at the 4 mm apical level from CEJ in 27~32 % of incisors. Ghassemian®
reported that buccal alveolar bone thickness at the 3 mm apical level from CEJ was
approximately 1.41 mm in the incisors of adult men, and that a precaution should be given
upon implant installation. In this study, the buccal bone thickness of the maxilla at the 3 mm,
6 mm, and 9 mm apical levels from CEJ was all less than 1.0 mm before treatment. However,
after the posterior retraction of incisors via orthodontic extraction treatment, the buccal
alveolar bone thickness increased, which resulted in a significant increase in the 6BT and 9BT.
The Torque group showed a significant difference in the 6BT and 9BT before and after
treatment, whereas the Tipping group showed no significant difference in the buccal bone
thickness before and after treatment. In a study using spiral CT, Sarikaya et al.” reported that
in the comparison of alveolar change before and after the posterior retraction of maxillary
teeth, no change was observed in the buccal alveolar bone, but a significant resorption

occurred in the palatal alveolar bone. The result of this study also showed that a significant

resorption occurred in the palatal alveolar bone. The most significant resorption occurred in
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the alveolar area at the 3 mm apical level from CEJ, and the least significant resorption
occurred at the 9 mm apical level from CEJ, which were consistent with the result of the
study conducted by Ahn et al.*. Hwang et al.® conducted a study where subjects were
divided into the Tipping and Torque groups according to tooth movement and their anterior
alveolar remodeling was compared using lateral cephalometric X-ray after the posterior
retraction of maxillary incisors in orthodontic extraction treatment. This study also divided
the subjects into the two groups for analysis, and the result showed that the maxillary and
mandibular palatal bone thickness decreased more in the Trq group than in the Tip group.
Richman® suggested that CBCT should be conducted to assess the alveolar bone during
orthodontic treatment as the dehiscence of the alveolar bone occurs commonly in adults and

proposed radiographic supporting bone index(RSBI) for assessing alveolar condition.

Adults have an increased risk of periodontal disease compared to adolescents. Fuhrmann®
reported that the dehiscence and fenestration of the alveolar bone and root resorption that
occur during orthodontic treatment were closely related to the periodontal condition of the
first medical check.

In a study that analyzed 79 CI I and 80 CI Il div. 1 patients, Evangelista et al.'? reported
that the dehiscence of the alveolar bone and the fenestration of the root occurred in 51.09 %
and 36.51 %, respectively, of the total 4319 teeth, and that their morbidity increased by 35 %
in the CI | patients compared to the CI 11 patients. Hsu et al.* reported that the bone mineral
density of the alveolar bone around the maxillary central incisors decreased by 25.8 ~ 29.0 %
after orthodontic treatment. In this study, as shown in the maxillary case, the 6BT and 9BT
significantly increased in the mandible. However, the resorption ratio of the alveolar bone

was higher in the lingual alveolar bone of the mandible compared to the maxilla. As for
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change in the alveolar bone area, the buccal alveolar bone area increased by 19 % in the
maxilla and 22 % in the mandible, which showed a similar increase. Meanwhile, the palatal
alveolar bone area decreased by 55 % in the maxilla and 75 % in the mandible. This
difference in the resorption of the alveolar bone between the maxilla and mandible is likely to
be attributable to the fact that the maxillary palatal alveolar bone has thickened alveolar bone
width around the root, which makes it resistant against orthodontic force, but the mandibular
alveolar bone is thinner and longer than the maxillary alveolar bone. In the maxilla, the
BABL decreased by -0.22 mm (-14 %), but the PABL significantly decreased by -3.83 mm (-
309 %). Meanwhile, in the mandible, the BABL and PABL decreased by -2.59 mm (-175 %)
and -5.82 mm (-285 %), both of which showed a significant decrease. This is likely
attributable to the fact that the mandible has dense bone and the narrow alveolar bone width
has lower remodeling ability compared to the maxilla. In the maxilla, the BABL
insignificantly decreased in both Tipping and Torque groups. However, the PABL
significantly decreased in both groups, and the decreased amount was larger in the Trg group
than in Tip group. Meanwhile, in the mandible, both BABL and PABL significantly
decreased in both groups. This indicates that the resorption of the alveolar bone occurs more
in the mandible than in the maxilla during orthodontic extraction treatment.

Baumgaertel et al.”®

reported a small systemic error in the CBCT measurements method.
Because of the difference between real volume and voxel volume, the software might
actually have measured the distance between the midpoints of the voxels. In this study, the
voxel size of CBCT was 0.22 mm. If measurements were made from the center of the voxel,
half of the voxel would not have been included in the measurement on either side. This

would lead to CBCT measurements that are 0.22 mm smaller than real caliper

measurements. If the alveolar bone thickness was thinner than 0.22 mm, the measurements
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would be 0. This result might overemphasize the bone resorption after orthodontic
treatment. So the resorption ratio or pattern is more meaningful rather than absolute number
of measurements presented in this study.

During the posterior retraction of maxillary incisors in orthodontic extraction treatment, the
center of resistance is a very important factor for controlling the dental axis. According to the

result of a study on the center of resistance of maxillary incisors®® ?’

, the center of resistance
of maxillary anterior teeth were reported to be positioned at 13.5 mm toward the root from the
incisal tip of maxillary central incisors and 14.0 mm posteriorly. However, Min et al.?” and

Sung et al.”

reported that as the PABL of the maxillary incisors decreased during space
closure after extraction, the center of resistance of the incisors was also shifted to the root
apex. Thus, if the extracted space is closed while maintaining the dental axis, it should be
considered that the resorption of the palatal alveolar bone and the change of the center of
resistance occur at the same time during space closure.

Strahm et al.*°

reported that as buccal alveolar generation is unlikely to occur by the
anterior retraction of mandibular incisors in children with a mean age of 9 years, the limited
alveolar bone thickness of the mandible should be taken into account during orthodontic
treatment. Gracco® and Wonglamsam et al.* reported that alveolar bone thickness varied
according to vertical facial type, and that the maximum thickness was observed in the short
face and the minimum thickness was observed in the long face. In the establishment of
orthodontic extraction treatment plan in adults, the limited movement of teeth and the weak
resistance of the alveolar bone due to the narrow alveolar bone width of mandibular incisors
should be considered during the determination of the posterior retraction amount of

mandibular incisors in the long face. Thus, a treatment plan that compromises the goal of

aesthetic improvement and periodontal condition should be established during the
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determination of the posterior retraction of incisors. As the resorption of the palatal alveolar
bone is influenced more by bodily movement than by tipping movement, controlled tipping
rather than bodily movement is recommended if alveolar bone width is thin.

In the correlation of variables of lateral cephalometric X-ray and variables of CBCT, the
linguoversion of the maxillary incisors was positively correlated with the 3BT, 6BT, and 9BT,
but negatively correlated with the 9PT. In addition, it was positively correlated with the
BABA. The movement of the incisor root rather than the movement of the incisor crown had
a correlation with more CBCT variables. The root movement was positively correlated with
the BT. In addition, it was positively correlated with the increased PABA and BABL and the
decreased PABL and BABL. The correlation also showed that the resorption of the palatal
alveolar bone was more affected by tipping movement than by bodily movement.

In the cases of madibular incisors, the linguoversion of the incisors was positively
correlated with the 9BT and negatively correlated with the PT. In addition, it was negatively
correlated with the PABL and positively correlated with the BABA. The movement of the
incisor root rather than the movement of the incisor crown had a correlation with more CBCT
variables. The posterior movement of the root was positively correlated with the 9BT, and
negatively correlated with the PT. In addition, it was correlated with the decreased PABL and
the increased BABA.

It was reported that bone mineral density decreased in the region of tooth movement during
orthodontic tooth movement.*® In this study, the PABA decreased by 55 % after the posterior
retraction of maxillary incisors, whereas the BABA decreased by 75 % after the posterior
retraction of mandibular incisors. Considering that calculus significantly occurs in the
mandibular palatal incisors and that periodontitis frequently occurs in the anterior teeth of the

mandible in adults, the significant resorption of the palatal alveolar bone after orthodontic
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treatment provides a status subject to periodontitis. Thus, in the establishment of orthodontic
extraction treatment plan, the posterior retraction of the mandible rather than the posterior
retraction of the maxilla should be more carefully determined. Furthermore, the removal of
calculus and preventive treatment of periodontitis should be required for madibular incisors at

a regular basis after orthodontic treatment.

3D CBCT images were obtained in this study. However, as the automatic deduction of
teeth from the alveolar bone is not accurate even using the most recently released software,
the 3D volume of the alveolar bone was not measured. Instead, the analysis was conducted
using the 2D MPR images. If the accuracy of CBCT is improved and an algorithm, via which
the software accurately deducts teeth from the alveolar bone, is developed, changes in the
alveolar volume during alveolar remodeling could be accurately analyzed. In addition, as the
data of CBCT obtained before and after treatment was used in this study, alveolar remodeling
might change 2~3 years after treatment. Thus, a further long-term study is required to

investigate the range of alveolar remodeling by the recovery ability of the alveolar bone.
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V. CONCLUSION

This study was conducted on 35 adult patients (5 men and 30 women) who underwent
orthodontic treatment after extracting four premolars due to protrusion. CBCT data were
obtained from the subjects before and after treatment. The alveolar bone thickness at the 3
mm, 6 mm, and 9 mm apical levels from CEJ was compared between before and after
treatment. The correlation of the variables of CBCT analysis and those of lateral
cephalometric X-ray was analyzed. The subjects were divided into the tipping and torque
groups according to the movement of anterior teeth shown in lateral cephalometric X-ray,
followed by analysis within the groups and correlation analysis. The results of this study were

as follows.

1. After orthodontic extraction treatment, the 6BT and 9BT of the maxilla (p<0.01)
(p<0.001) and the 6BT and 9BT of the mandible (p<0.05)(p<0.001) significantly
increased. Meanwhile, the PT at 3 mm, 6 mm, and 9 mm apical levels from CEJ and

PABA significantly decreased in both maxilla and mandible (p<0.001).

2. After orthodontic extraction treatment, the BABL decreased by 0.22 mm (p<0.01), and
the PABL decreased by 3.83 mm (p<0.001) in the maxilla. Meanwhile, the BABL
decreased by 2.59 mm (p<0.01), and the PABL decreased by 5.82 mm (p<0.001) in the

mandible.
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3.

In the case of Torque group, in the maxilla and mandible, the 6BT (p<0.01) and the
9BT (p<0.001) significantly increased, whereas the 3PT, 6PT, and 9PT significantly
decreased in both maxilla and mandible (p<0.001). The PABL (p<0.001) in the maxilla
and the BABL and PABL (p<0.01)(p<0.001) in the mandible significantly decreased.
BABA in the maxilla (p<0.01) and mandible (p<0.05) significantly increased and

PABA in the maxilla (p<0.001) and mandible (p<0.001) significantly decreased.

In the case of Tipping group, no significant difference in the BT was found in the
maxilla, but the 3 BT (p<0.001) decreased and 9BT (p<0.05) increased in the mandible.
3PT, 6PT (p<0.001) and 9PT (p<0.01) significantly decreased in the maxilla and 3PT
(p<0.05) and 6PT (p<0.01) significantly decreased in the mandible. In addition, BABL
and PABL in the maxilla (p<0.05)(p<0.001) and mandible (p<0.001) significantly
decreased. PABA (p<0.001) in the maxilla and BABA (p<0.01) and PABA (p<0.01) in

the mandible significantly decreased.

After orthodontic extraction treatment, the change of the axis of maxillary and

mandibular incisors and the root movement were highly correlated with the alveolar

bone thickness and area.

45



REFERENCE

. Ren Y, Maltha JC, Kuijpers-Jagtman AM.Optimum force magnitude for orthodontic tooth

movement: a systematic literature review. Angle Orthod. 73:86-92, 2003.

. Vardimon AD, Oren E, Ben-Bassat Y. Cortical bone remodeling/tooth movement ratio
during maxillary incisor retraction with tip versus torque movements. Am J Orthod

Dentofacial Orthop. 114: 520-9, 1998.

. Novackova S, Marek I, Kaminek M. Orthodontic tooth movement : Bone formation and its

stability over time. Am J Orthod Dentofacial Orthop. 139: 37-43, 2011.

. Lupi JE, Handelman CS, Sadowsky C .Prevalence and severity of apical root resorption
and alveolar bone loss in orthodontically treated adults. Am J Orthod Dentofacial Orthop.

109:28-37, 1996.

. Wehrbein H, Bauer W, Diedrich P. Mandibular incisors, alveolar bone, and symphysis after
orthodontic treatment. A retrospective study. Am J Orthod Dentofac Orthop. 110: 239-46,

1996.

. Berco M, Rigali PH, Jr, Miner RM, Deluca S, Anderson NK, Will LA. Accuracy and

reliability of linear cephalometric measurements from cone-beam computed Tomography

scans of a dry human skull. Am J Orthod Dentofacial Orthop. 136: 17-8, 2009.

46


http://www.ncbi.nlm.nih.gov/pubmed?term=Ren%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12607860
http://www.ncbi.nlm.nih.gov/pubmed?term=Maltha%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12607860
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuijpers-Jagtman%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=12607860
http://www.ncbi.nlm.nih.gov/pubmed?term=Sadowsky%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8540480

7. Sun Z, Smith Th, Kortam S, Kim DG, Tee BC, Fields H. Effect of bone thickness on
alveolar bone-height measurements from cone-beam computed tomography images. Am J

Orthod Dentofacial Orthop. 139: e117-127, 2011.

8. Hwang CJ, Moon JL. The limitation of alveolar bone remodeling during retraction of the

upper anterior teeth. Korea J Orthod. 31: 97-105, 2001.

9. Leonardi R, Annunziata A, Licciardello V, Barbato E.Soft tissue changes following the
extraction of premolars in non-growing patients with bimaxillary protrusion. A systematic

review. Angle Orthod. 80: 211-6, 2010.

10. Richman C. Is gingival recession a consequence of an orthodontic tooth size and/or tooth

position discrepancy? "A paradigm shift". Compend Contin Educ Dent. 32: 62-9, 2011.

11. Handelman CS. The anterior alveolus: its importance in limiting orthodontic treatment
and its influence on the occurrence of iatrogenic sequelae. Angle Orthod. 66: 95-110,

1996.

12. Evangelista K, Vasconcelos K deF, Bumann A, Hirsch E, Nitka M, Silva MA. Dehiscence
and fenestration in patients with Class I and Class II Division 1 malocclusion assessed
with cone-beam computed tomography. Am J Orthod Dentofacial Orthop. 138: 133.e1-7,

2010.

47


http://www.ncbi.nlm.nih.gov/pubmed?term=Leonardi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19852663
http://www.ncbi.nlm.nih.gov/pubmed?term=Annunziata%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19852663
http://www.ncbi.nlm.nih.gov/pubmed?term=Licciardello%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19852663

13.

14.

15.

16.

17.

18.

Upadhyay M , Yadav S, Patil S. Mini-implant anchorage for en-masse retraction of
maxillary anterior teeth: A clinical cephalometric study. Am J Orthod Dentofac Orthop.

134: 803-10, 2008.

Ahn HW, Moon SC, Baek SH. Morphometric evaluation of changes in the alveolar bone
and roots of the maxillary anterior teeth before and after en masse retraction using cone-

beam computed tomography. Angle Orthodontist. 83: 212-21, 2013.

Lund H, Gréndahl K, Grondahl HG. Cone Beam Computed Tomography for Assessment
of Root Length and Marginal Bone Level during Orthodontic Treatment. Angle Orthod.

80: 466-473, 2010.

Baumgaertel S, Palomo JM, Palomo L, Hans MG. Reliability and accuracy of cone beam
computed tomography dental measurements. Am J Orthod Dentofacial Orthop. 136: 19-

28, 2009.

Ising N, Kim KB, Araujo E, Buschang P. Evaluation of dehiscences using cone beam

computed tomography. Angle Orthod. 82: 122-30, 2012.

Gauthier C, Voyer R, Paquette M, Rompré P, Papadakis A. Periodontal effects of
surgically assisted rapid palatal expansion evaluated clinically and with cone-beam
computerized tomography: 6-month preliminary results. Am J of Orthod Dentofacial

Orthop. 139: S117-28, 2011.

48


http://www.ncbi.nlm.nih.gov/pubmed?term=Upadhyay%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19061808
http://www.ncbi.nlm.nih.gov/pubmed?term=Yadav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19061808
http://www.ncbi.nlm.nih.gov/pubmed?term=Patil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19061808
http://www.ncbi.nlm.nih.gov/pubmed?Db=pubmed&Cmd=Search&Term=Mini-implant+anchorage+for+en-masse+retraction+of+maxillary+anterior+teeth%3A+A+clinical+cephalometric+study&holding=ikryumlib&otool=ikryumlib

19.

20.

21.

22.

23.

24.

25.

Nowzari H, Molayem S, Chiu CK, Rich SK. Cone Beam Computed Tomographic
Measurement of Maxillary Central Incisors to Determine Prevalence of Facial Alveolar

Bone Width >2mm. Clin Implant Dent Relat Res. 14:595-602, 2010

Braut V, Bornstein MM, Belser U, Buser D. Thickness of the Anterior Maxillary Facial
Bone Wall- A Retrospective Radiographic Study Using Cone Beam Computed

Tomography. Int J Periodontics Restorative Dent. 31: 125-131, 2011.

Ghassemian M, Nowzari H, Lajolo C, Verdugo F, Pirronti T, D"Addona A. The thickness
of facial alveolar bone overlying healthy maxillary anterior teeth. J Periodontol. 83: 187-

97, 2012.

Sarikaya S, Haydar B, Ciger S, Ariyiireck M. Changes in alveolar bone thickness due to

retraction of anterior teeth. Am J Orthod Dentofacial Orthop. 122: 15-26, 2002.

Fuhrmann R. Three-dimensional interpretation of periodontal lesions and remodeling

during orthodontic treatment. Part 111. J Orofac Orthop. 57: 224-37, 1996.

Hsu JT, Chang HW, Huang HL, Yu JH, Li YF, Tu MG. Bone density changes around

teeth during orthodontic treatment. Clin Oral Investig. 15: 511-9, 2011.

Baumgaertel S, Palomo JM, Palomo L, Hans MG. Reliability and accuracy of cone-beam
computed tomography dental measurements. Am J Orthod Dentofacial Orthop. 136:19-

28, 2009.

49


http://www.ncbi.nlm.nih.gov/pubmed/20491811

26.

27.

28.

29.

30.

31.

32.

Jeong GM, Sung SJ, Lee KJ, Chun YS, Mo SS. Finite-element investigation of the center

of resistance of the maxillary dentition. Korea J Orthod 39:83-94, 2009.

Yoshida N, Koga Y, Mimaki N, Kobayashi K. In vivo determination of the center of
resistance of maxillary anterior teeth subjected to retraction forces. Eur J Orthod. 23:

529-34, 2001.

Min YG, Hwang CJ. A study about the change of locations of the center of resistance
according to the decrease of alveolar bone heights and root lengths during anterior teeth

retraction using the laser reflection technique. Korea J Orthod. 29: 165-181; 1998

Sung SJ, Kim IT, Kook YA, Chun YS, Kim SH, Mo SS. Finite element analysis of the

shift in center of resistance of the maxillary dentition in relation to alveolar bone loss.

Korea J Orthod. 39: 278-288; 2009.

Strahm C, De Sousa AP, Grobety D, Mavropoulos A , Kiliaridis S. Is bodily advancement

of the lower incisors possible? Eur J Orthod. 31: 425-31, 2009.

Gracco A, Lombardo L, Mancuso G, Gravina V, Siciliani G. Upper Incisor Position and

Bony Support in Untreated Patients as Seen on CBCT. Angle Orthod. 79: 692-702, 20009.

Wonglamsam P, Manosudprasit M, Godfrey K. Facio-lingual width of the alveolar base.

Aust Orthod J. 19: 1-11, 2003.

50



33. Chang HW, Huang HL, Hsu JT, Li YF, Wu YK. Effects of orthodontic tooth movement

on alveolar bone density. Clin Oral Investig. 16: 679-88, 2012.

51


http://www.ncbi.nlm.nih.gov/pubmed/21519883

FE80}

ki3

o] &

= =
A =

]Z.A] Cone Beam CT

g

X %

2y

T EY)

i
7

(A=

Ad 2

_Zrl

1¢] CEJ] 2% 3

FAx

o}
=4

=
=

AR ARlsF CBCT

Rt

|Z= 779 CE] 258 Azx=

mm, 6 mm, 9 mm 3}

F7H4 9]

P
T

9]

el

=2Z8¥ CEJ 9 mm 3}

o

ol
Plo

w2}t Tipping 2}

‘gl

oF

3o

=
=

1% oAt o+ CBCT A

i)

Torque T+2o.=

52



I
A
1

WHA F ek £52) CEJ 6 mm shd ¥-91(p<0.01), 9 mm 8hd
#(p<0.001)¢} 3te} =5 CEJ 6 mm 3P #91(p<0.05), 9 mm 3h

=]
=
F91(p<0.00D e} A& FA= ol A S7re b, ek 1S B

ol

Fol =04 = CEJ 3 mm, 6 mm, 9 mm &t FQolA BF x| x&

_l

Ak Mol o)A Al 748 vH(p<0.00D).

AR E T A SSo e A Z2FE Zo|7l Hit 0.22 mm A3

s

IHH (p<0.01), T/lZoAE 3.83 mm  7F4239 1 (p<0.001), 3kt
s A= 259 mm A 9HH((p<0.01), A=A E 5.82 mm

23kt (p<0.001).

HolFE wkhd A& ) sete] CEJ 3 mm, 6 mm, 9 mm 3§ EE

oo ol HaAE UElATH(p<0.001). A x=

kir

ol et
TZ(p<0.001) 3 38t} +=(p<0.01), AZ(p<0.00D)lA F<]4d UA

wobgu, Az WAL 4, st w3eldE Ay A FHE

i

WA (p<0.01)(p<0.05), 4, 3ket Ao

X

SR R ROE e

(p<0.001).

53



J_!
&

of
ﬁo

9

e

4. Tipping

5},

I<]

&l oF

(p<0.001) 2}

2%

=

(p<0.001) ¥ a1,

=

=

TN

Ao

CEJ 3 mm(p<0.05), 6
}ol

o] el

}

pY
=

[€)

1

1

Jote]

A

Sl 2

, Bfetoll A
Bk
54

[e)

i

Solst Z7H7Hp<0.05) UERWET
(p<0.001) 28] a1,

=

=

-

(p<0.01) ol A 24

SRR R

S

=

Fol A9 CEJ 3 mm, 6 mm(p<0.001), 9 mm(p<0.01) &

9] ol A

5

u}, atete] CEJ 3 mm 9]0l 4 &= 9
=]

o 2, A
: CBCT,

+Z(p<0.05), 7

9 mm
mm(p<0.01)
!

S

Key words



