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Effect of Antero-Posterior Position of the Midpalatal Mini-Implant
on the Intrusion of Maxillary Posterior Teeth:
A Three-Dimensional Finite Element Analysis
Kwang-Hyo Choi,"? Il-Hyung Yang,”® Seung-Hak Baek,*® Sug-Joon Ahn,**
Won-Hee Lim,*® Shin-Jae Lee,** Tae-Woo Kim**®

'"Honors Orthodontic Clinic, Seoul, Korea
2Department of Orthodontics, School of Dentistry, *Dental Research Institute, Seoul National University, Seoul, Korea

ABSTRACT

Objective This study evaluated the effect of the antero-posterior position of the midpalatal orthodontic mini-implant
during maxillary posterior teeth intrusion using three-dimensional finite element model (3D-FEM) analysis. Methods
A 3D-FEM was constructed from the computed tomography (CT) data of an adult male patient. Three simulation models
were constructed according to the midpalatal mini-implant position: Model 1, at the interproximal level of the second
premolar and first molar; Model 2, at the mesiopalatal cusp level of the first molar; and Model 3, at the interproximal
level of the first and second molars. A 200-g force was applied from the bilateral hooks of the transpalatal arch (TPA) to
the location of the mini-implant. Results In all models, the whole maxillary teeth showed intrusive movement, most
at the second molar. As the mini-implant was positioned more posteriorly, intrusive displacement of the posterior teeth
increased, while the intrusion and labioversion of the anterior teeth decreased. The palatal tipping movement of posterior
teeth was remarkable. The highest stress value was shown on the trifurcation and palatal root surface area of the first
molar. Conclusion A posteriorly positioned midpalatal mini-implant was more effective to intrude the maxillary
posterior teeth without undesirable anterior teeth intrusion or labioversion. Expansion or buccal torque bending of the
TPA could prevent the palatal tipping of the posterior teeth. (Clin J Korean Assoc Orthod 2019;9(2):59-71)

FEM, Micro-implant, Orthodontic mini-implant, Tooth movement, Midpalatal mini-implant, Intrusion
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INTRODUCTION

An anterior open bite is a difficult problem to
treat. Orthognathic surgery is indispensable in pa-
tients with severe skeletal discrepancy, but in pa-
tients with mild skeletal discrepancy, various ther-
apeutic modalities have been proposed, such as
extruding the anterior teeth with vertical elastics,*
changing the occlusion plane via multi-loop arch-
wire,? and intruding the posterior teeth with a bite
block® or high-pull headgear.* Recently, intrusion
of the posterior teeth with temporary anchorage
device (TAD)-like miniplates®® or mini-implants’
has emerged as an effective technique for the cor-
rection of anterior open bite. Intrusion of the max-
illary posterior teeth makes the occlusion plane
steeper, and successful counter-clockwise rota-
tion of the mandible can close the bite. According
to the position of TADs, there are various force
mechanisms and device designs.

Intrusion of the maxillary posterior teeth using
one midpalatal mini-implant with a transpalatal
arch (TPA) is an effective method to treat anterior
open bite (Figure 1),>*° and several clinical studies
have been reported. However, in vivo studies could
not assess the biomechanical aspects. Three-di-
mensional finite element model (3D-FEM) anal-

ysis is necessary to evaluate biomechanical fac-
tors such as displacement and stress distribution
of structures with complex geometries in various
loading and boundary conditions.

The position of the mini-implant on the midpal-
atal suture line can affect the direction of force
from the mini-implant to the bilateral hooks of
the TPA. By controlling the vector of force, teeth
movement could be changed in not only posteri-
or but also anterior teeth that are engaged with a
heavy archwire.

The aim of this study is to evaluate the effect of the
antero-posterior position of a mini-implant during
maxillary posterior teeth intrusion with a midpala-
tal mini-implant and TPA using 3D-FEM analysis.

MATERIALS AND METHODS

From the computed tomography (CT) images
(SCT-6800 TXL, Shimadzu Co., Tokyo, Japan;
1.0-mm slice thickness) of a patient with normal
occlusion (24-year-old male), a 3D virtual model
of the maxilla was reconstructed using 3D image
processing software (MIMICS Version 7.10, Ma-
terialise NV, Leuven, Belgium). In every slice of
the CT scan, the image was divided into the teeth,
cortical bone, and cancellous bone (Figure 2) by

Figure 1. Intrusion of posterior teeth using single midpalatal mini—implant with transpalatal arch.
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one investigator. Then, the data were reconstruct-
ed to a 3D geometric model (stereolithography file
format; STL) which was imported to the 3D-FEM
analysis software (ANSYS 12.0, Swanson Analy-
sis System, Houston, PA). The periodontal mem-
brane was assumed to have a constant thickness
of 0.25 mm around the teeth. However, there was
a difference in the thickness of the cortical bone
depending on the location, as shown by the CT da-
ta. Brackets and a 0.019x0.025-inch stainless steel
archwire were placed on the surface of the teeth.
The usage of CT images was carried out under the
tenets of the Helsinki Declaration (Figure 3).

The TPA connecting the lingual surface of the
bilateral first molars was designed with a 0.9-mm
diameter (Figure 3). The TPA was consistently
kept 5 mm from the palate to achieve clearance
for the intrusive movement.

B

The basic 3D-FEM model—including the max-
illary teeth, periodontal membrane, cortical and
cancellous bone, bracket and archwire, and TPA-
was created with a mesh of tetrahedral elements.
A total of 498,276 elements and 96,510 nodes
were used for the model. The mechanical proper-
ties used are shown in Table 1."*? The interfaces

Table 1. Mechanical properties of the materials

Young’s Poisson’s
Modulus, MPA Ratio
Cortical bone 13,400 03
Cancellous bone 1,370 03
Tooth 19,600 0.3
Periodontal ligament 0.667 0.45
Stainless steel 200,000 0.3

(archwire, TPA)

v’

e

Figure 2, Materials used to assemble a model. Cortical bone (A), cancellous bone (B), PDL (C), teeth (D).

Figure 3. 3D—FEM. A, Frontal view. B, Occlusal view. C, Sagittal view,
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between the bracket and tooth, TPA and tooth, and
bracket and archwire were defined as fully bonded
surfaces. All the teeth of the dentition were inter-
preted as one unit without interaction of the adja-
cent teeth at the interproximal surface.

Three simulation models were created to simu-

A B

late different positions of the midpalatal mini-im-
plant (Figure 4). In Model 1, it was assumed that
the mini-implant was located at the interproximal
level between the second premolar and first molar
(Figure 4A). In Model 2, the mini-implant was po-
sitioned at the level of the mesiopalatal cusp of the

C

Figure 4. Three simulation models constructed according to the position of the midpalatal mini—implant. A, Model 1. Mini—=implant at
interproximal level between maxillary second premolar and first molar. B, Model 2. Mini—implant at level of first molar mesiopalatal
cusp. C, Model 3. Mini—implant at interproximal level between first and second molars.

Table 2. Displacement on the crown cusp tip or incisal edge

Displacement (mm)

Crown Cusp tip Model 1 Model 2 Model 3
Vertical Horizontal Vertical Horizontal Vertical Horizontal

Central incisor 0.00020 0.00022 0.00014 0.00016 0.00008 0.00009
Lateral incisor 0.00008 0.00005 0.00002 —0.00004 —0.00004 —-0.00012
Canine —0.00002 —-0.00017 —0.00007 —0.00028 —-0.00012 —0.00037
First Premolar

Buccal —0.00006 —0.00032 —0.00009 —0.00043 —0.00011 —0.00052

Lingual 0.00024 —0.00011 0.00025 —-0.00021 0.00024 —0.00029
Second Premolar

Buccal —-0.00012 —0.00045 —0.00013 —0.00057 —-0.00014 —0.00065

Lingual 0.00034 —-0.00024 0.00037 —0.00035 0.00038 —0.00043
First Molar

Mesiobuccal —-0.00016 —-0.00049 —-0.00016 —0.00059 —-0.00014 —0.00065

Distobuccal —0.00001 —0.00050 0.00002 —0.00059 0.00005 —0.00066

Mesiolingual 0.00052 —-0.00024 0.00057 —0.00035 0.00059 —-0.00044
Second Molar

Mesiobuccal —-0.00013 —0.00052 —0.00009 —0.00060 —0.00004 —0.00065

Distobuccal 0.00008 —-0.00048 0.00015 —0.00056 0.00022 —0.00061

Mesiolingual 0.00066 —0.00027 0.00075 —0.00037 0.00079 —0.00045

Vertical displacement: (+) intrusive, (—) extrusive, Horizontal displacement: (+) forward, (=) backward.
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first molar (Figure 4B). Finally, in the third mod-
el, the mini-implant was positioned at the inter-
proximal level between the first and second mo-
lars (Figure 4C).

In each simulation model, the intrusion force of
200 g was activated from the bilateral hooks of
the TPA to the assumed position of the mini-im-
plant. The initial displacement of the teeth and the
Von Mises stress distribution along the root sur-
face were evaluated. To determine the amount of
tipping movements of teeth, displacements of the
nodes at the root apexes and the cusp tips of every
tooth were assessed separately.

RESULTS

Displacements and Von Mises stress distribu-
tions at the crown cusp tips and root apexes in
each tooth of the simulation models are shown in
Table 2 and 3.

For the evaluation of displacement, Model 1
showed the maximum value of intrusive dis-
placement at the mesio-lingual cusps of the mo-
lars (0.000656 mm) with an increase of displace-
ment value distributed from the anterior teeth to
the posterior directions. In all posterior teeth, in-
trusive displacements of the buccal cusps were
smaller than those of the palatal cusps. Some of
the buccal cusps even showed extrusive displace-
ment. In the antero-posterior direction, the central
incisor showed the highest forward displacements
of 0.000221 mm among all models (Figures 5, 6).

In Model 2, the maximum intrusive displace-
ment on the second molar (0.000746 mm) and the
palatal tipping tendency were also seen, as in the
first model. However, the intrusion values of the
posterior teeth increased considerably compared
to the same teeth of the first model. The central in-
cisor had a forward displacement of 0.000160 mm
(Figures 7, 8).

Table 3. Displacement and Von Mises stress on the root apexes

Model 3

Model 2

Model 1

Displacement (mm) Stress Displacement (mm) Stress
(N/mm?) (N/mm?)

Stress

Displacement (mm)

Root apex

Horizontal

Vertical

Horizontal

Vertical

2
Horizontal (N/mm?)

Vertical

0.00004

0.0001

Central Incisor

0.00038
0.00128
0.00177

0.00007

0.00007
0.00010

0.00037
0.00120
0.00169

0.00006
0.00011

0.00009
0.00011

0.00038
0.00106
0.00153

0.00009
0.00015
0.00012
0.00016

0.00012

Lateral incisor
Canine

0.00013

0.00007

0.00018
0.00011

0.00004

0.00017
0.00012
0.00015
—0.00002
—0.00005

0.00006
0.00003
0.00002
—0.00008
—0.00008

0.00004

0.00002
—0.00009
—0.0001

First Premolar

0.00088
0.00146

0.00002
0.00001
—0.00006
—0.00005

0.00088
0.00153

0.00083
0.00152

Second Premolar

First Molar

0.00012
—0.00004
—0.00006

3D EFM |

0.00000
—0.00003

Mesial

0.00069
0.00113

0.00074

0.00119

0.00076
0.00122

Distal

0.00026
0.00001
—0.00001

0.00059

—0.00004

Palatal

0.00346
0.00171
0.00107

0.00022

0.00068

0.00025 0.00346
0.00176

0.00065
0.00001

0.00328
0.00173

Choi et al.

Mesial

Second Molar

0.00003
0.00001
0.00017

0.00006
0.00012

0.00002

0.00000
0.00072

Distal

0.00000 0.00103

0.00006
0.00081

0.00096

0.00282

0.00084

0.00273

0.00020

0.00249

0.00022

Palatal
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In Model 3, the maximum intrusive displace-
ment was found on the second molar (0.000793
mm), and it was the highest value among all three
models. As in the prior models, the palatal cusps
showed more intrusion than the buccal cusps.

S Minde

However, the actual intrusive displaceme
on the buccal cusps were greater than the

nt values
values of

Models 1 and 2. The central incisor had a forward
displacement of 0.000095 mm and was the small-

est of the three models (Figures 9, 10).

-

(mm)

i

Displacement
* vertical component

.| 0.000450

0.000840
0.000710
0.000580

0.000320
0,000190
0.0000604
-0.0000655
-0.000199
-0.000329

von

@

.

G

Stress

(N/mm?)

| 0.069259
| 0.059404

Mises

0.088967
0.079113

0.049550
0.039695
0.029841
0.019887
0.010132
0.000278

Figure 5. Model 1. Displacements of maxillary teeth, A, Sagittal view (external). B, Sagittal view (lingual). C, Occlusal view. D, Coronal
view (root side). Von Mises stress distribution. E, Sagittal view (external). F, Sagittal view (ingual). G, Coronal view (root side).

Figure 6. Model 1. Superimposition of the original (white mesh) and deformed model (color). The displacement of teeth was magni—
fied by 500 times. A, B, Sagittal view (external and lingual). C, Coronal view (posterior side). D, E, Axial view (occlusal side and root
side). All teeth in the dentition were intruded. Note the maximum displacement of the lingual cusp of the premolar and molar (B, C)

and palatal tipping tendency (C—E).
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For the evaluation of stress distribution, Model
1 showed the highest stress with a maximum Von
Mises stress of 0.089 N/mm?. The first molar had
the highest stress in the dentition, especially on
the trifurcation area and the palatal root surface,

Shad. gnde

E F

which was adjacent to the force application site
(Figure 5). In Model 2, the maximum stress was
0.088 N/mm? (Figure 7). The first molar had the
highest stress, but the area was narrower than that
in Model 1. In Model 3, the maximum stress value

Displacement
- vertical component
(mm)
0000930
0.000790
0.000651
| 0000511
| 0000372
0000232
0.0000925
-0.0000471
o -0.000187
C D -0.000326

Stress
von Mises
(N/mm?)
0.087782
0.078067
0.068352
| 0.058837
0.048922
0.039207
0.020402
‘ 0.019777
x 0.010063
. V 0.000348

G

Figure 7. Model 2. Displacements of maxillary teeth. A, Sagittal view (external). B, Sagittal view (lingual). C, Occlusal view. D, Coronal
view (root side). Von Mises stress distribution. E, Sagittal view (external). F, Sagittal view (ingual). G, Coronal view (root side).

Figure 8. Model 2. Superimposition of the original (white mesh) and deformed model (color). A, B, Sagittal view (external and lingual).
C, Coronal view (posterior side). D, E, Axial view (occlusal side and root side). Note the maximum displacement of the lingual cusp of

the premolar and molar (B, C) and palatal tipping tendency (C—E).
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of 0.082 N/mm? was lower than those of Models DISCUSSION

1 and 2. The first molar showed the highest stress

value in the dentition, but the area decreased and Intrusion of teeth has been a difficult technique

was the smallest of the three models (Figure 9). in orthodontics because of the complication in
acquiring proper anchorage. TADs allowed cli-

o dud

S

E F

Stress

von Mises

{N/mm?)
0.081830
007277
0.063712

| 0.054653

0.045594
0.036535
0.027476

[

L
0.018418
0.009359
0,000300

Displacement
vertical component
(mm)
0.000967
0.000826
0.000684
| 0.000542
0.000400
0.000258
0000116
-0.0000258
=) — -0.000168
C D -0.000310
Vo
G

Figure 9. Model 3. Displacements of maxillary teeth. A, Sagittal view (external), B, Sagittal view (lingual). C, Occlusal view. D, Coronal
view (root side). Von Mises stress distribution. E, Sagittal view (external). F, Sagittal view (ingual). G, Coronal view (root side).

Figure 10. Model 3. Superimposition of the original (white mesh) and deformed model (color). A, B, Sagittal view (external and lin—
gual). C, Coronal view (posterior side). D, E, Axial view (occlusal side and root side). Displacements of the anterior teeth were de—
creased further than they were in Models 1 and 2.
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nicians to gain absolute anchorage more easi-
ly. Intrusion mechanics using mini-implants on
the buccal or palatal alveolar bone need several
mini-implants or other accessory appliances to
balance the force.”®* However, just one midpalatal
mini-implant is enough to support the intrusion
force for the bilateral posterior teeth. The midpala-
tal suture area contains high-quality cortical bone,
which contributes to the retention of the mini-im-
plants. The area within 1 mm of the midpalate
has the thickest bone available (over 5.0 mm in fe-
males and 5.4 mm in males).* Moreover, the mid-
palate area is safe because there is little danger of
damaging anatomical structures, and it is covered
with keratinized gingiva and thus less susceptible
to inflammation. In a study using human cadaveric
palatal bone, insertion sites parasagittally adjacent
to the first molars showed higher primary stability
of mini-implants.”®

Several studies on the intrusion of the posteri-
or teeth using orthodontic mini-implants®*° have
been reported in the form of case reports or clini-
cal assessments, but only a few have been reported
in the form of 3D-FEM analysis. 3D-FEM analysis
is valuable to evaluate biomechanical factors such
as displacement and stress distribution of struc-
tures with complex geometries in a specific con-
dition. There was a 3D-FEM study on a sectional
posterior teeth model,* but there has not yet been
a full dentition 3D-FEM study about intrusion. In
a clinical situation, intrusion of the posterior teeth
can be conducted separately or together with an-
terior teeth movement. Intrusion can be done si-
multaneously with the leveling or space-closing
procedure. Hence, 3D-FEM analysis of the full
dentition engaged with an archwire is worthy of
study. This study evaluated the effect of the ante-
ro-posterior position of a midpalatal mini-implant
on the intrusion of the maxillary posterior teeth
connected with an archwire and TPA.

In 3D-FEM analysis, resemblance between the
simulation model and the actual biomechanical
environment is important to get a meaningful re-
sult for the clinical application. In previous studies
using 3D-FEM, models were generated from a la-
ser scan of a dentiform.’**” Usually, the thickness
of cortical and cancellous bone around the teeth
was given in uniform or gradual depth.***> Howev-
er, the thickness of cortical bone varies depending
on the location. Making a model based on actual
patient data can result in a more realistic result. In
a recent study of other subjects, FEM models were
created based on patient CT data, but they were
partial dentition models with only two teeth.® In
this study, the model was generated from an adult
male patient with normal occlusion to maximize
the similarity of the models with maxillary den-
tition. The areas of teeth, cortical bone, and can-
cellous bone were addressed manually by tracing
on every CT cut taken at 1.0-mm intervals in the
three planes: frontal, sagittal, and coronal. This
is an important precondition in tooth movement
analysis.

On the labial side, a 0.019x0.025-inch stainless
steel archwire was designed and bonded to the
brackets of teeth. Every interface (i.e., teeth-brack-
ets, brackets-archwire, teeth-TPA) was defined as
a fully bonded surface to clearly indicate the ef-
fect of biomechanics using a TPA for the intrusion
of posterior teeth. In a clinical situation, posteri-
or teeth intrusion in the dentition engaged with a
heavy archwire can make the occlusal plane steep-
er, facilitating open bite correction.

In all models, maximum Von Mises stress val-
ues were observed in the trifurcation areas of the
first molar (Figures 5, 7, 9). The maximum stress
values were similar among the three models but
greatest in Model 1 (0.089 N/mm?), then Model 2
(0.088 N/mm?), and lowest in Model 3 (0.082 N/
mm?). Another stress-increased site was the coro-
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nal third of the first molar palatal root. This area
is adjacent to the connection of the TPA, where
the intrusive force is transferred to the tooth. The
maximum stress value was like that in a previous
study using multiple mini-implants on the buccal
and palatal sides simultaneously.”

Root apexes are the sites where the intrusive
force is condensed, and they can be critical sites of
resorption.’*?® The stress distribution is changed
by the root geometries and the surface area as well
as the applied force. In this study, increased stress
values were shown in the palatal root apexes of the
first and second molars. The value was larger in
the first molar, which is directly connected to the
TPA, than in the second molar. Although the dif-
ference was slight, the highest value was shown in
Model 3, then Model 2, and the lowest value was
shown in Model 1. A more vertical portion of the
applied force was delivered to the molars in Model
3 than those in the other models.

All the posterior teeth showed intrusive dis-
placement (Table 2). Because all the teeth in den-
tition were engaged by a rigid stainless steel arch-
wire in this study, the anterior and posterior teeth
moved simultaneously. The anterior teeth showed
intrusive displacement as did the posteriors, but
there was an increase of the displacement value
distributed from the anterior teeth to the posterior
directions.

In a recent 3D-FEM study," the center of resis-
tance of all maxillary dentition (CRM) was ap-
proximately on the coronal third of the second
premolar root. In this study, the intrusive force is
concentrated on the hooks of the TPA connect-
ing the bilateral first molars. The vector direc-
tion of the force is from the hook of the TPA to
the mini-implant (Figure 4). If the force passes
through the rear side of the CRM, displacement
of the posterior teeth increases like a lever arm. In
this study, it is assumed that the CRM was situated
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ahead of the first molar. In Model 2, the vector of
force passed just above the first molar, and the pos-
terior teeth were more intruded than the anterior
teeth. In Model 1, as the force vector came closer
to the CRM, the anterior teeth showed more ver-
tical displacement than they did in Models 2 or 3.
In addition, the posterior teeth showed the small-
est displacement among the three models. On the
other hand, the force vector moved further back-
ward from the CRM in Model 3, so the intrusive
displacement was biggest in the posterior teeth but
smallest in the anterior teeth in all models.

Extrusion of the upper incisors was reported
during the intrusion of the posterior teeth when
the whole arch was bonded because of a clockwise
rotation of the whole maxillary dentition.®?%
However, in this study, the incisors intruded even
though the magnitude was lower than that of the
molars. The position of the CRM and the displace-
ment of teeth can vary depending on the applica-
tion of orthodontic force, shape and size of the
tooth, height or quality of alveolar bone, and even
mechanical character of the archwire. The results
of this study verified the possibility for intrusion
of all maxillary dentition with a single midpalatal
mini-implant.

A common palatal tipping of the teeth was ob-
served in all three simulation models. There was a
difference in the amount of displacement between
the buccal and palatal cusps of the posterior teeth
(Table 2 and 3). In the first molar, the mesiopala-
tal cusp showed the most intrusion. However, the
distobuccal cusp had only a slight intrusion, and
the mesiobuccal cusp even showed a slight extru-
sive displacement. This is because the intrusion
force acting on the lingual surface of the TPA
has both vertical and horizontal components. A
0.019x0.025-inch stainless steel archwire and a
0.9-mm stainless steel TPA were not enough to
resist the palatal tipping force. In order to resist
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this palatal tipping, additional mini-implants may
be added to the buccal alveolar side to give a bal-
ancing force.”* However, careful expansion or buc-
cal torque bending of the TPA or main archwire
could resist the palatal tipping tendency without
additional mini-implants on the buccal side (Fig-
ure 11).

The incisal edge of the central incisor showed
the most forward movement in Model 1, followed
by Model 2, and the least in Model 3. This is be-
cause the horizontal component appears on the
sagittal plane in the force depending on the an-
tero-posterior position of the mini-implant. When
treating a patient with a Class II open bite, when
the mini-implant is placed forward, the anterior
teeth are mechanically unfavorable because they
are forced forward. Thus, it is advantageous to
place the mini-implant backward.

In this study, the interactions between adjacent
teeth were omitted. It is assumed that the dentition
is tied with a heavy stainless steel archwire, which
is suitable to see the overall change of the denti-
tion when the intrusive force is given. This meth-
od is meaningful in treating open bite by changing
the occlusal plane through intrusion of the posteri-
or teeth and related displacement of the other con-
nected teeth. However, due to the assumption that
the teeth are attached to each other, there is a dif-

Mini-implant

ference in actual clinical situation. In some cases,
the first and second molars are not connected, or
connected loosely with a thin flexible archwire. In
these situations, the most intrusive displacement
and the palatal tipping will occur in the first mo-
lar. This is consistent with the concentration of the
strongest stress on the first molar in this study.

In real clinical situation, even if the teeth are
fixed by a 0.019x0.025-inch archwire, there is a
small but free movement due to the clearance be-
tween the bracket slot and the archwire, and in-
teractions between the teeth also occur. And even
stainless steel archwire can be bent with heavy
force. The inability to reproduce all these indi-
vidual movements of the teeth in actual clinical
practice is the limit of this study. The individual
movements of the teeth can be larger if there is an
extraction space. Intrusion of the posterior teeth
could also be done in the extracted dentition in a
clinical situation. The first or second premolar and
second molar could be alternative options to ex-
tract in the open bite patient. In this case, biome-
chanical movement will be different from non-ex-
tracted dentition, especially in teeth adjacent to
the extraction site. Therefore, further biomechan-
ical studies using 3D-FEM that allows interaction
between teeth in various dental conditions are
needed. The research on the type of labial arch-

Mini-implant

Figure 11. Method to compensate for palatal tipping. A, Expansion of transpalatal arch. B, Expansion or buccal torque bending of

archwire,
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wire or the extraction of the teeth is to be studied
in the second stage.

CONCLUSION

In this 3D-FEM analysis, intrusion mechanics
using a midpalatal mini-implant and TPA were
effective to intrude the bilateral posterior teeth.
Posteriorly positioned mini-implants were more
effective to intrude the posterior teeth without un-
desirable anterior teeth intrusion or labioversion,
especially in the open bite patient. Although the
teeth were bound with 0.019%0.025-inch stainless
steel archwire and a 0.9-mm stainless steel TPA,
there were palatal tipping movements of the mo-
lars. Expansion or buccal torque bending of TPA
could help to overcome the palatal tipping of pos-
terior teeth.
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Orthognathic Treatment Using Minimal Surgical Orthodontics
in a Patient with Skeletal Class Il Malocclusion and Extrusion
of Bilateral Maxillary Second Molars

Yoon-Soo Ahn,' Jin-Kyu Kim,? Young-Soo Jung,? Hyung-Seog Yu," Sung-Hwan Choi*

'Department of Orthodontics, Institute of Craniofacial Deformity,
’Department of Oral & Maxillofacial Surgery, Oral Science Research Center, Yonsei University College of Dentistry, Seoul, Korea

ABSTRACT

This case report describes a successful orthognathic treatment with minimal presurgical orthodontics and bilateral
extraction of maxillary second molars. A 21-year-old man had mandibular prognathism. His maxillary second molars
were bilaterally extruded because there were no opposing teeth. After minimal presurgical orthodontic treatment with
bilateral extraction of maxillary second molars to prevent immediate premature contact after surgery, we performed
Le Fort | and bilateral intraoral vertical ramus osteotomy to correct the patient’s mandibular prognathism. During the
postoperative orthodontic treatment, maxillary third molars were aligned to replace the bilaterally extracted maxillary
second molars. The total treatment period was 14 months. As a result of these treatments, the patient’s facial appearance
was rapidly improved. The minimal presurgical orthodontic treatment can guarantee immediate stable occlusion
after surgery and achieve a rapid aesthetic improvement in skeletal Class T patients. (Clin J Korean Assoc Orthod
2019;9(2):72-82)
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Figure 1. Pretreatment facial and intraoral photographs.

Figure 2. Pretreatment cast models.
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Figure 3. Pretreatment lateral and posteroanterior cephalograms and panoramic radiograph.

Table 1. Results of the cephalometric analyses before and after treatment

Measurement Norm Pretreatment Posttreatment (14 M)
Skeletal
SNA (%) 82.4+32 85.0 84.0
SNB () 80.4+3.1 92.0 835
ANB () 2.0x17 -8.0 1.5
Wits (mm) —2.0+*24 -19.3 -79
SN—-GoMe (°) 32.0£5.0 33.8 41.0
Gonial angle (°) 17.1+6.7 139.7 145.6
Ramus height (mm) 57.6+5.2 59.8 496
Go—Me (mm) 79.0£5.0 90.6 81.9
Dental
Ut to SN () 107.0+5.0 18.0 107.5
UT=NA (*/mm) 25.0/7.0 34.0/77 22.5/4.0
UT-NB (*/mm) 27.0/6.9 18.1/2.9 21.4/35
L1 to GoMe (°) 95.0£5.0 723 77.0
Soft tissue
Upper lip to E line (mm) 1.0£2.0 -5.5 -1.3
Lower lip to E line (mm) 20%20 -0.9 -1.6
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Figure 5. Surgical simulation on the three—dimensional reconstruction model.
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Figure 7. Panoramic radiographs. A, Initial. B, 6 months after treatment. C, 8 months after treatment. D, At the end of treatment.

78



Minimal Surgical Orthodontics with Bilateral Extraction of Maxillary Second Molars | Ahn et al.

Figure 9. Posttreatment cast models.
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Occlusal Plane Rotation by Molar Protraction
Using Orthodontic Mini-Implant

Min-Ho Jung
HONORS Orthodontics, Seoul, Korea

ABSTRACT

Orthodontic mini-implant (OMI) has become very popular as an orthodontic anchorage in recent years because of its
convenience and no need of patient’s cooperation. However, biomechanical situations sometimes cause unexpected side
effects. If the retraction force from OMI does not pass the center of resistance (CR) during retraction, the whole dental
arch will rotate which does not occur in conventional treatment. This case report presents the rotation of the occlusal
plane by the protraction of upper molars and retraction of lower dental arch using OMls. The patient had extracted
three molars and two premolars. Since she wanted to close all the extraction space by orthodontic treatment, multiple
OMIs and intermaxillary elastics were used to close the space. As a result, significant rotation of the occlusal plane
was observed. When OMIs are needed for retraction or protraction, the possibility of occlusal plane rotation during
treatment should be taken into account. (Clin J Korean Assoc Orthod 2019;9(2):83-96)

Orthodontic mini-implant, Center of resistance, Occlusal plane
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Figure 1. Some previous researches showed when the retraction force vector passes below the center of resistance (CR), whole
dental arch may rotate.”® A, Rotation of whole upper arch caused by the retraction force in nonextraction cases. B, Rotation of whole
upper arch caused by the retraction force in premolar extraction cases.
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Figure 2. Some of the other researchers argued that even
the retraction force vector passes below center of resistance
(CR) of maxillary arch, whole dental arch can be moved
posteriorly with incisor intrusion,*
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Figure 3. Pretreatment facial and intraoral photographs.
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Figure 4. Pretreatment X—rays and tracing.
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Figure 5. The treatment plan including retraction of lower arch using orthodontic mini—implants (Ol\/lls) and implant placement in up—
per extraction spaces was relatively simple and comfortable to the patient, but the patient did not want it. A, Schematic diagram of the
treatment plan. B, Expected final treatment result
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Treatment cptions
Protract upper molars, implant on #25, 47 & close #37 space

- Protract molars to minimize implants
- Meeds mini-implants in upper and lower arch
A - Longer treatment time & less implants

Treatment options
Protract upper molars, implant on #25, 47 & close #37 space

oA ey

W IR

- 2 implants after debonding

Figure 6. The treatment plan including protraction of upper posterior teeth to close one premolar extractioin space on both sides and
placement of one implant on the upper left side was a more complex treatment plan, but it was appropriate treatment plan to create
good occlusion. The patient refused this plan and asked me to close all the extraction spaces by orthodontic treatment. A, Schemat—

ic diagram of the treatment plan. B, Expected final treatment result.
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Figure 7. Finally, the treatment plan including close of all the
upper extraction spaces by protraction of posterior teeth and
retraction of lower dentition was chosen by the patient’s re—
quest, A very rare occlusion with #26 located right after #23
was determined as a therapeutic goal.
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Figure 8. To protract the posterior teeth, elastomeric chain
was connected from orthodontic mini—implant (OMI) to the
buccal tube of the rearmost molars. The protraction force was
located below the center of resistance (CR) of maxillary arch.
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Figure 9. Post—treatment facial and intraoral photographs.
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Figure 10. Post—treatment X-rays and superimposition tracing.

Table 1. Changes in cephalometric measurements

Pretreatment Posttreatment
Bjork sum (°) 396.5 396.4
Facial height ratio (%) 64.3 64.3
ANB (°) -0.2 0.3
A to N perpendicular (mm) -0.3 -0.3
Pog to N perpendicular (mm) 0.4 0.4
Ut to FH (°) "7 120.4
Ut to SN () 1.5 114.2
U1 to stomion (mm) 2.2 -1.0
L1to A pog (mm) 6.3 3.3
IMPA (°) 819 78.6
Interincisal angle (°) 130.1 136.1
Upper occlusal plane to FH () 14.2 58
Nasolabial angle () 935 93.0
Upper lip to esthetic line (mm) 2.3 25
Lower lip to esthetic line (mm) 2.2 0.7
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Figure 11, If you placed OMIs on buccal alveolar bone and
retract the anterior teeth by placing elasotmeric chain be—
tween the hooks on the anterior teeth and OMI, uppar and
lower occlusal planes tend to rotate and posterior openbite
can be produced. This change is not only a great incon—
venience to the patient, but it can also be easily detected.
Therefore, the orthodontist should stop the retraction to re—
move the side effects and treat the posterior open bite and
the premature contact of the anterior teeth. As a result, when
the treatment is finished, most of the changes due to rotation
have already disappeared and it is difficult to evaluate the
changes that occur during the treatment process by com—
paring only data before and after treatment. OMI: orthodontic
mini—implant,
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Figure 12. When the palatal plane, SN or FH plane are used to evaluate the treatment effect of premolar extraction and retraction
using orthodontic mini—implants (OMIs), incisor movement on the occlusal plane may be misinterpreted as intrusion effect because
the occlusal plane has an anterior incline. | show you 2 cases from one of the related articles to understand why such a misunder—
standing is happening.” A, Maxillary superimposition of the case 2 in this article. The original angle of the figure in the paper was
maintained for the sake of understanding. B, When the maxillary superimposition was rotated to the occlusal plane before treatment,
you can see the extrusion of maxillary incisor, intrusion of maxillary molar, and the clockwise rotation of whole maxillary dentition. C,
Maxillary superimposition of the case 3 in this article. The original angle of the figure in the paper was maintained for the sake of un—
derstanding. D, When the maxillary superimposition was rotated to the occlusal plane before treatment, you can see the extrusion of
maxillary incisor, intrusion of maxillary molar, and the clockwise rotation of whole maxillary dentition also in this case.
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Figure 13. To minimize the side effect of rotating the occlusal plane while pulling the maxillary posterior teeth forward, the pulling force
should be located as close to the center of resistance of the maxillary dentition as possible. A, The rotational effect of the occlusal
plane will be minimized if anterior traction force vector is placed near the CR of the maxillary dentition using transpalartal arch and
palatal OMI as in this figure. B, As shown in the figure, by the shorter TPA and the palatal OMI, protraction force vector can be placed
near the CR of upper dentition and may produce the upward and forward movement of the upper dentition. CR: center of resistance,

OMI: orthodontic mini=implant.
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Forward Mandibular Growth after Correction
of Deep Bite in Growing Patient with Skeletal Class Il

Geun-Su Song,' Hyub-Soo Lee,” Dong-Soon Choi,’ Insan Jang,’ Bong-Kuen Cha®

'Gajirun E Orthodontic Dental Clinic, Jinju, Korea
2Lee&.]ang Orthodontic Dental Clinic, Daejeon, Korea
3Department of Orthodontics, College of Dentistry, Gangneung-Wonju National University, Gangneung, Korea

ABSTRACT

A 9-year-old boy presented a skeletal Class T facial type, an uprighted upper incisors, and anterior deep bite. He
received an interceptive orthodontic treatment using removable active plate with anterior bite block. After 8 months
of treatment, the expansion of upper dental arch, labioversion of the upper incisors, decrease of anterior overbite was
achieved. The forward growth of the mandible was spontaneously occurred, improving the skeletal Class I facial type
and large anterior overjet. This case report presents and discusses the effect of anterior bite block applied in mixed
dentition patient. (Clin J Korean Assoc Orthod 2019;9(2):97-105)

Anterior bite block, Deep bite, Class T malocclusion, Mandibular growth
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Figure 1. Pretreatment intraoral and extraoral photographs (9 years old).

99



Clin J Korean Assoc Orthod 2019;9(2):97-105

Figure 2. Pretreatment panoramic and lateral cephalometric radiographs (9 years old).

Table 1. Comparison of cephalometric measurements

Norm

Pre—treatment

Post—treatment

(9 years) (9 years 8 months)
SNA () 82.0 79.4 80.0
SNB (%) 80.0 72.3 74.0
ANB () 2.0 7.1 6.1
Mandibular plane angle (°) 251 25.7 26.4
Gonial angle () 130.0 17.1 18.1
Mx, 1to FH plane (°) 1.0 937 101.0
Mn. 1 to mandibular plane () 90.0 90.0 93.6
Overbite (mm) 2.3 75 2.4
Overijet (mm) 3.2 59 32
Mandibular length (mm) 105.1 9.7 96.5
Pogonion to N_LFH (mm) -93 —12.7 -11.0
Lower anterior facial height (mm) 58.2 579 60.6
Facial axis (°) 86.0 83.1 84.2
919 ARBES DYsP) 95} otlet 2o A7 X270 ¥ Zat
Ago] =), Aotol A F wgt EFo] x3
g 7 A (active plate)g AHESH, (1) =0

o} AR g, (4) BA AT o
Fofo] Ao 2N 2 AE A= skt

A Az %, Awristel asich 13
SfellolelS 4§51 Aslstect
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Camouflage Treatment of a Skeletal Class lll Adult Patient
with Transverse Discrepancy Using a Microimplant-Assisted
Rapid Palatal Expansion

Jinung Jang, Seung-Wook Oh, Kyung-A Kim

Department of Orthodontics, School of Dentistry, Kyung Hee University, Seoul, Korea

ABSTRACT

In the Class T camouflage treatment approach, the transverse discrepancy and sagittal discrepancy should be
considered. To solve these problems, tooth-anchored expanders and intermaxillary Class II elastics have been
conventionally used, but they have several disadvantages. To overcome these disadvantages, the uses of skeletal
anchorages for rapid maxillary expansion and total arch distalization have been reported. This case report presents the
successful use of microimplant-assisted rapid palatal expansion (MARPE) and mandibular total distalization in a patient
with a skeletal Class I malocclusion and transverse discrepancy. A microimplant-assisted rapid palatal expander
was used to correct the transverse discrepancy, and a mandibular total distalization was conducted to achieve proper
overjet and to improve the lip profile. As a result, a Class I occlusion with a favorable esthetic profile was achieved
with no adverse effects. Therefore, microimplant-assisted rapid palatal expander and mandibular total distalization can
be considered as an effective camouflage treatment for skeletal Class T malocclusion. (Clin J Korean Assoc Orthod
2019;9(2):106-116)

Class T malocclusion, Transverse discrepancy, MARPE, Skeletal anchorage, Camouflage
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Table 1. Pretreatment and posttreatment cephalometric measurement

Mean Initial Final

Divergency

Sum (%) 395.7 390.5 391.0

PFH/AFH (%) 70 69.5 69.0

OP—FH () 59 35 30

MP—FH () 25.4 26.5 27.0
Maxilla—mandible relation

ANB () 28 -1.5 -0.1

APDI () 85.8 99.5 99.0
Maxilla

SNA () 81.7 82 82

N perp—Pt, A (mm) 2 -15 -
Mandible

SNB () 79 835 83

N perp—Pog (mm) -0.3 0.5 0
Denture

Interincisal angle (°) 128.3 135 17.0

UT=FH () 116.6 1235 123.0

IMPA (°) 90.1 96.0 90.0

U6—PP (mm) 25 27 27

U1t exposure (mm) 4 0 1

L1—Apog (degree) 23.3 28.0 25.0

L1—Apog (mm) 45 125 10.0

Frontal view 6-6 YTI ; - 4.25 mm
Occlusal view 6-6 YTI : - 4.43 mm

..l
—

’

J

Figure 3. CBCT images of Yonsei Transverse Index (A), teeth axis (B) and distance between lingual cortex and distal surface of
mandibular 2nd molars (C).
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Figure 7. Postireatment facial and intraoral photographs.
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Figure 9. Pretreatment (black) and posttreatment (red) superimpositions.
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Surgery-First Approach of Adult Patient with
Transverse Discrepancy and Skeletal Class Il Malocclusion
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ABSTRACT

Surgery-first approach without presurgical orthodontic treatment improve facial profile immediately after orthognathic
surgery, however, stable occlusion is not obtained and it is difficult to predict the treatment result since the occlusion
changes during postsurgical orthodontic treatment. This case report introduces the treatment with surgery-first approach
of an adult patient with transverse discrepancy and skeletal Class II malocclusion using removable contraction
appliance. The patient was satisfied with the immediate facial profile and functional occlusion improvement after going
through surgery-first and 18-month of postsurgical orthodontic treatment. (Clin J Korean Assoc Orthod 2019;9(2):117-
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Figure 1. Facial and intraoral photographs before treatment.

A

Figure 2. Lateral (A) and posteroanterior (B) cephalograms before treatment.

Table 1. Measurements of the lateral cephalogram before and after treatment

Norm Pre—treatment Post—treatment
SNA (°) 81.9 85.0 86.0
SNB () 81.6 9101 11 84.01
ANB () 30 6.0 ]| 20
WITS (AQ/BO) (mm) 2.7 -16.0] || -6.0]
SN/MP () 34.0 265 285
Ut to SN () 107.0 12.0 12.0
IMPA () 95.9 450 ]| 88.0 |
Upper lip (mm) 1.0 601 || 201
Lower lip (mm) 2.0 1.0 -1.0]
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Figure 3. Panoramic radiograph before treatment.
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Figure 5. In surgical occlusion, transverse discrepancy of posterior teeth,

Figure 6. The adjustment progress of surgical splint: 3 weeks (A), 3 weeks, resin wall (B), 5 weeks, lower indirect bracket bonding (C).
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Figure 8, Orthodontic treatment progress: 3 months (A), 12 months, before restoration of maxillary central incisors (B), 12 months, after
restoration of maxillary central incisors (C).
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Figure 11. Lateral cephalogram (A) and panoramic radiograph (B) after treatment,
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