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Objective: This study aimed to (1) evaluate the effects of maxillary second and
third molar eruption status on the distalization of first molars with a modified
palatal anchorage plate (MPAP), and (2) compare the results to the outcomes
of the use of a pendulum and that of a headgear using three-dimensional finite
element analysis. Methods: Three eruption stages were established: an erupting
second molar at the cervical one-third of the first molar root (Stage 1), a fully
erupted second molar (Stage 2), and an erupting third molar at the cervical
one-third of the second molar root (Stage 3). Retraction forces were applied
via three anchorage appliance models: an MPAP with bracket and archwire, a
bone-anchored pendulum appliance, and cervical-pull headgear. Results: An
MPAP showed greater root movement of the first molar than crown movement,
and this was more noticeable in Stages 2 and 3. With the other devices, the
first molar showed distal tipping. Transversely, the first molar had mesial-out
rotation with headgear and mesial-in rotation with the other devices. Vertically,
the first molar was intruded with an MPAP, and extruded with the other
appliances. Conclusions: The second molar eruption stage had an effect on
molar distalization, but the third molar follicle had no effect. The application of
an MPAP may be an effective treatment option for maxillary molar distalization.
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Key words: Distalizing, Headgear, Class 11, Palatal plate

Received September 9, 2015; Revised February 4, 2016; Accepted February 16, 2016.

Corresponding author: Yoon-Ah Kook.

Professor, Department of Orthodontics, Seoul St. Mary’s Hospital, College of Medicine,
The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 06591, Korea.

Tel +82-2-2258-1776 e-mail kook190036@yahoo.com

*This study was partly supported by funds from the Department of Dentistry and
Graduate School of Clinical Dental Science, The Catholic University of Korea.

The authors report no commercial, proprietary, or financial interest in the products or companies
described in this article.

© 2016 The Korean Association of Orthodontists.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.


mailto:kook190036@yahoo.com

Kang et al ® Eruption Effect on Molar Distalization

Kjo-

INTRODUCTION

Distalization of the maxillary molars is an important
treatment modality for patients with Class 11 maloc-
clusion, but several concerns have been raised regarding
the eruption of the second and third molars during or
after distalization.'”

Although headgear is effective in distalization, it is
unesthetic and depends on patient cooperation.”> A
pendulum appliance is an intraoral device placed in non-
compliant patients, but it has drawbacks including distal
tipping of the molars and loss of anterior anchorage.® "
To overcome the loss of anterior anchorage, a bone-
anchored pendulum appliance has been introduced, but
there is still an issue with distal tipping of the molars.'*"

Recently, skeletal anchorage devices have been applied
to achieve molar distalization and en masse retraction
with decreased side effects and decreased dependence
on patient cooperation.””"” A modified palatal anchorage
plate (MPAP) was effective in molar distalization in
adults and adolescents with minimal distal tipping.'®"
Yu et al.” showed advantageous treatment effects with
a palatal plate compared with buccal mini-implants in a
finite element (FE) study of maxillary distalization.

Several studies reported that the position of the second
molar had a limited effect, if any, on the distalization
of the first molars with a pendulum appliance.**>”
Recently, Flores-Mir et al.”” reported the minimal effects
of the maxillary second and third molar eruption stages
on molar distalization. However, their conclusion was
based on low-level evidence.

Meanwhile, Kinzinger et al.” clinically demonstrated
that when the second molar had erupted, there was a
greater loss of anchorage with maxillary distalization via
a conventional pendulum appliance. They also provided
a mathematical explanation of their results. However,
no study has been conducted to explain the effects of
eruption stages on molar distalization with temporary
anchorage devices.

Therefore, the aim of this study was to evaluate the
effects of maxillary second and third molar eruption stage
on the distalization of the first molars with an MPAP and
to compare the results to the outcomes of a pendulum
and headgear using a three-dimensional (3D) FE analysis.

MATERIALS AND METHODS

Creation of the finite element model

A FE model was created from computed tomography
(CT) images of a dry skull of an adolescent (slice
thickness, 1T mm). MIMICS version 15.01 (Materialise,
Leuven, Belgium) was applied to extract a 3D model
from the CT images. The model was imported into
Visual-Mesh version 7.0 software (ES1 Group, Paris,
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France) to produce a tetrahedral FE mesh; the maxilla
including the teeth and alveolar bone was meshed into
1-mm tetrahedrons, and the rest of the skull excluding
the maxilla was meshed into 5-mm tetrahedrons. The
teeth, alveolar bone, and periodontal ligament (PDL)
were considered homogenous and isotropic. A small
sliding condition and the Lagrange multiplier method
were used to define the contact interface. The contacts
between the teeth were assumed to be frictionless. The
thickness of the PDL was considered to be 0.2 mm. The
thickness of the cortical bone was determined according
to Farnsworth et al.”> The mechanical properties of the
bone, teeth, miniscrews, stainless steel (SS) wire, and
PDL in the model are shown in Table 1.***

The maxillary molar eruption stages were determined
according to previous studies, and defined as follows.*”
Stage 1: the second molars follicles are placed directly
toward the cervical one-third of the first molar root;
Stage 2: the second molars are completely erupted;
and Stage 3: the third molar follicles are placed directly
toward the cervical one-third of the second molar
root (Figure 1). For molars in the dental follicle, it
was assumed that one-half of the root was formed,
and cusps were at the height of the alveolar crest and
parallel to the adjacent teeth. The material properties
of the elements of the dental follicle surrounding the
unerupted molar were similar to those of the PDL.

3D coordinate system and boundary conditions

The 3D coordinates were based on the occlusal plane:
X (anteroposterior plane), Y (transverse plane), and Z
(vertical plane). Positive values for X, Y, and Z indicated
forward, left, and upward displacement. Boundary
conditions were set to fixate the circumaxillary sutures
in all directions.

Table 1. Young's modulus and Poisson's ratio for various
materials

Material Young(isI g:;dulus Poi::;:)n’s
Cortical bone 1.37 x 10* 0.30
Cancellous bone 7.90 x 10° 0.30
Palatal plate 1.05 x 10° 0.33
Miniscrew 1.05 x 10° 0.33
Acrylic button 2.30 x 10" 0.40
TMA 8.00 x 10* 0.30
Tooth 2.07 x 10* 0.30
SS wire 2.00 x 10° 0.30
PDL 50.00 0.49

TMA, Titanium molybdenum alloy; SS, stainless steel; PDL,
periodontal ligament.
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Appliance design (Figure 2)

Modified palatal anchorage plate

An MPAP (Jeil Medical, Seoul, Korea) was fixed in the
paramedian palatal region at the sagittal level of the
center of the first molar by three miniscrews (length, 8
mm; diameter, 2 mm; Jeil Medical). An SS palatal bar
1.0 mm in diameter was connected to the bands of
the maxillary first molars, extending anteriorly along
the lingual gingival margin of the maxillary teeth. A
Roth 0.022-inches (in) bracket system (Tomy, Tokyo,
Japan) was attached to the teeth and a 0.019 x 0.025-
in SS archwire was tied through frictionless translational
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Figure 1. The finite element
model eruption stages. Stage
1, an erupting second molar
at the cervical one-third of
the first molar root; Stage 2,
a fully erupted second molar
without the third molar; and
Stage 3, an erupting third
molar at the cervical one-third
of the second molar root.

Figure 2. Designs of the ap-
pliances. A, Modified palatal
anchorage plate with brackets
and orthodontic arch wire;
B, bone-anchored pendulum
appliance; and C, cervical-
pull headgear.

joints.

Distalization forces of 150 g were applied by connec-
ting the most apical notch of the palatal plate to the
hooks of the palatal bar located near the center of the
lingual gingival margin of the canines with no elevation
from the palatal bar.

Bone-anchored pendulum

An acrylic button was fixed in the anterior palate with
two miniscrews. The pendulum springs were made of
titanium molybdenum alloy (TMA) wires and attached to
the acrylic button. To avoid a multi-stage analysis, the
spring wire was pre-calibrated to determine the amount

www.e-kjo.org
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of rotation that is produced by 150-g with a given shape
and length. Then, the initial deformation and rotation
were assigned in the software, and calculations of stress
and displacement were performed.

Cervical-pull headgear

The facebow consisted of an SS wire 1.1 mm in
diameter. On each side, a 150-g distalization force was
applied from the buccal tube of the maxillary first molar
band at 15° inferior to the occlusal plane.

Analysis

A non-linear static analysis was performed via PAM-
MEDYSA V2011 and Visual-Viewer 7.0 (ESI Group).
Figure 3 shows the landmarks.

RESULTS

Displacement

Modified palatal anchorage plate (Figure 4, Tables 2-4)

In Stage 1, the first molar showed distalization with
more movement at the root than at the crown. This was
accompanied by intrusion and mesial-in rotation. The
central incisor demonstrated slight amounts of flaring
and intrusion.

In Stages 2 and 3, the mesial-in rotation of the first
molar was less than in Stage 1, and the slight flaring of
the central incisor became lingual tipping. The second
molar demonstrated distalization, distal tipping, buccal
tipping, and intrusion.

Bone-anchored pendulum appliance (Figure 5, Tables 2-4)

In Stage 1, the first molar showed distalization and a
slight amount of distal tipping. This was accompanied
by intrusion, buccal tipping, and mesial-in rotation. The
central incisor demonstrated a slight amount of flaring
and intrusion.

In Stages 2 and 3, there was no noticeable change
in the displacement patterns of the central incisor

from Stage 1. However, the first molar showed slight
extrusion of the mesiolingual cusp. The second molar
demonstrated uncontrolled distal and buccal tipping and
extrusion of the mesiolingual cusp.

Cervical-pull headgear (Figure 6, Tables 2-4)

In Stage 1, the first molar showed distalization and a
large amount of distal tipping. This was accompanied
by extrusion and distal-in rotation. The central incisor
demonstrated no effect.

In Stages 2 and 3, there was no noticeable change
in the first molar displacement patterns from Stage 1.
The second molar showed uncontrolled distal tipping,
extrusion, and buccal tipping.

Stress distribution

The von Mises stress distribution showed concentra-
tions of stress around the mini-screws of the MPAP and
the bone-anchored pendulum appliances, and around
the bands of the first molar of the headgear appliance.

Figure 7 demonstrates longitudinal sections of alveolar
bone from Stage 2 models, illustrating the differences
in stress distributions depending on the appliance. The
headgear had lower stresses in the apical third of the
first molar root than those of the MPAP and bone-
anchored pendulum. In addition, the anterior wall of
the maxilla showed slight stresses with the MPAP and
pendulum. All teeth demonstrated slight stresses when
the MPAP was applied, especially at the central incisor.

DISCUSSION

Currently, there is a trend towards non-extraction
treatment in patients with Class 11 malocclusion. However,
treatment timing is still controversial; therefore, our
study aimed to evaluate the effects of maxillary second
and third molar eruption status on distalization of the
first molars.

For all devices in our study, there was no difference
between Stages 2 and 3 regarding the displacement

Ty " .

Figure 3. Landmarks. 1, Disto-
buccal cusp of the first molar;
2, mesiolingual cusp of the
first molar; 3, distobuccal cusp
of the second molar; 4, mesio-
lingual cusp of the second
molar; 5, palatal root apex of
the first molar; 6, palatal root
apex of the second molar; 7,
midpoint of the incisal edge of
the central incisor; and 8, root
apex of the central incisor.
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Figure 4. Contour images of tooth displacement from the modified palatal anchorage plate appliance. A, Buccal view; B,
occlusal view. Positive values mean forward, left, and upward directions.

Table 2. Displacement after the application of distalization forces using a modified palatal anchorage plate (units, pm)

Stage 1 Stage 2 Stage 3
X Y Y/ X Y Z X Y Z
#11 incisal edge 1.24 -0.18 1.10 -1.81 -0.18 0.06 -1.13 -0.33 0.31
#11 root apex -0.69 0.11 0.12 024 023 1.04 0.07 0.27 0.79
#16 DBC 6.52 -0.42 7.81 -3.24 -394 8.85 -3.85 -4.09 8.61
#16 MLC -11.70 6.70 9.40 -10.00 -1.26 8.54 -9.88 -1.69 8.36
#16 palatal root apex -15.70 -6.38 9.34 -13.20 -3.07 8.00 -12.60 -3.31 7.87
#17 DBC -2.06 -10.50 8.48 -1.89 -11.10 8.73
#17 MLC -3.68 -9.89 2.08 -3.95 -10.20 1.89
#17 palatal root -0.99 3.20 1.71 —1.25 S 5! 1.46

DBC, Distobuccal cusp; MLC, mesiolingual cusp; X, anteroposterior axis; Y, transverse axis; Z, vertical axis.
Positive values indicate forward, inward, and upward displacements.
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Table 3. Displacement after the application of distalization forces using a bone-anchored pendulum (units, pm)

Stage 1 Stage 2 Stage 3
X Y Z Y Z X Y Z
#11 incisal edge 0.09 -0.01 0.06 0.10 -0.01 0.06 0.09 -0.01 0.06
#11 root 0.02 0.00 0.06 0.03 0.00 0.06 0.02 0.00 0.06
#16 DBC -4.57 -1.13 1.34 -3.57 -0.99 0.61 -3.64 -0.97 0.73
#16 MLC -8.29 0.28 0.43 -7.01 0.32 -0.18 -7.10 0.34 -0.06
#16 palatal root -7.09 0.11 0.73 -6.15 0.21 0.00 -6.23 0.22 0.12
#17 DBC -4.78 —1.59 1.71 -4.99 -1.62 1.83
#17 MLC -4.52 -1.88 -0.67 -4.73 -1.93 -0.67
#17 palatal root 1.59 0.84 1.16 1.77 0.92 1.22
DBC, Distobuccal cusp; MLC, mesiolingual cusp; X, anteroposterior axis; Y, transverse axis; Z, vertical axis.
Positive values indicate forward, inward, and upward displacements.
Table 4. Displacement after the application of distalization forces using a cervical-pull headgear (units, pm)
Stage 1 Stage 2 Stage 3
X Y Z Y Z X Y Z
#11 incisal edge -0.02 0.00 0.00 -0.02 -0.01 0.00 —-0.02 -0.01 0.00
#11 root -0.01 0.00 0.00 -0.01 0.00 0.00 -0.01 0.00 0.00
#16 DBC -12.30 3.29 -4.03 -10.20 2.55 -3.78 -10.80 2.86 -3.85
#16 MLC -6.40 1.04 -3.30 -5.31 0.69 -3.23 -5.47 0.85 -3.17
#16 palatal root -1.30 0.78 -2.26 -1.03 0.56 -2.32 -0.79 0.53 -2.20
#17 DBC -7.13 1.11 0.49 -7.63 1.37 0.55
#17 MLC -6.58 0.68 -1.22 -7.03 0.90 -1.22
#17 palatal root 2.56 0.24 1.89 291 0.22 2.20

DBC, Distobuccal cusp; MLC, mesiolingual cusp; X, anteroposterior axis; Y, transverse axis; and Z, vertical axis.
Positive values indicate forward, inward, and upward displacements.

tendencies of the maxillary dentition. For the headgear,
the three stages showed similar displacement tendencies.
The MPAP appliance showed greater distalization of
the first molar root than that of the crown in all growth
stages. This might be because the direction of force
passes apical to the center of resistance of the maxillary
dentition.””*

Recently, a study reported that the displacement of
the entire arch might be dictated by a direct relationship
between the center of resistance of the whole arch, the
point of force application, and its vector.”” The MPAP
appliance exhibited mesial-in rotation of the first molars
because the force was applied from the palatal side.
However, this rotation of the first molars was less in
Stages 2 and 3 because the center of resistance was
positioned more posteriorly. Therefore, when more root
movement of the first molar is required, it might be
recommended to use an MPAP, regardless of the eruption
stages of the maxillary second and third molars.

In addition, in Stage 1, the central incisor presented a
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slight amount of anterior displacement. This might be
due to deformation in the shape of the maxilla under
reciprocal forces transferred to the palate through the
MPAP plate and its miniscrews. Moreover, clinical studies
on the treatment effects of the MPAP showed no such
displacement.'®' Meanwhile, in Stages 2 and 3, the
central incisor presented lingual movement.

A previous study reported that the distal tipping of
the first molar after distalization using different devices
supported by skeletal anchorage ranged between
0.8° and 12.2°.”° In agreement, the bone-anchored
pendulum appliance showed first molar distalization
and a small amount of distal tipping accompanied by
intrusion, mesial-in rotation, and buccal tipping in
Stage 1. In Stages 2 and 3, the intrusion component
of the force decreased and buccal tipping increased,
resulting in extrusion of the mesiolingual cusp. However,
this extrusion was small in magnitude and clinically
negligible. In addition, the second molars showed
uncontrolled distal tipping.
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Figure 5. Contour images of tooth displacement from the bone-anchored pendulum appliance. A, Buccal view; B,
occlusal view. Positive values mean forward, left, and upward directions.

The displacements can be explained by the rotational
nature of the force applied by the TMA spring wire and
the relationship between its point of application and the
position of the center of resistance of the multi-rooted
teeth, which is suggested to be located somewhere
between the furcation area and 1-2 mm cervical to the
root apex.”

Contrary to previous studies, the bone-anchored
pendulum presented a slight amount of anterior dis-
placement of the central incisor.'”'* This was previously
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reported in a clinical study on maxillary molar distali-
zation using skeletal anchorage.” This might be due to
deformation in the shape of the maxilla.

With cervical-pull headgear, the first molar showed
distalization and a large amount of distal tipping in
which the crown was displaced by about 9.5 times
the amount of root displacement. In agreement with
Oosthuizen et al.,”” the headgear results also showed
mesial-out rotation and extrusion of the first molar. In
Stages 2 and 3, the second molar showed uncontrolled
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Figure 6. Contour images of tooth displacement from the cervical-pull headgear. A, Buccal view; B, occlusal view.
Positive values mean forward, left, and upward directions.

Figure 7. The von Mises stress
distribution after the appli-
cation of distalization forces
using an modified palatal
anchorage plate (MPAP),
bone-anchored pendulum,

and headgear appliances
MPAP Bone-anchored pendulum Cervical-pull headgear during Stage 2 eruption.
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distal tipping combined with extrusion. In addition,
Reimann et al.>* evaluated the effects of headgear on
molar distalization with and without second and third
molars. They showed that the displacement of the first
molar was twice that of the second molar without the
presence of the third molar; and it was 10% greater
when both the second and third molars were absent. In
our study, the sagittal displacement of the distobuccal
cusp of the second molar was 70% of that of the first
molar. Meanwhile, the displacement of the distobuccal
cusp of the first molar with an unerupted second molar
was 20% greater than that when the second molar was
erupted. Unfortunately, the angulation and rotation of the
molars were not evaluated in the study by Reimann et al.”*

The von Mises stress distribution showed lower stress in
the apical third of the first molar root with the headgear
than with the MPAP or bone-anchored pendulum. This
was in agreement with the distal tipping movement
that occurred with headgear application, and the
bodily movement and decreased tipping with the other
appliances. The relationship between the force vector
of each appliance and the center of resistance might be
the main reason for the different displacement patterns.
Moreover, the slight stresses on the anterior wall of the
maxilla with the MPAP and bone-anchored pendulum
suggest minor deformation of the maxilla under their
reaction forces (Figure 7).

Our results suggest that the most efficient treatment
timing when using an MPAP is after the full eruption
of the second molar, since this decreases the mesial-in
rotation of the first molar. On the other hand, it is more
efficient to use a bone-anchored pendulum appliance
before the eruption of the second molar because
distalization after its eruption results in extrusion of the
first molar and increases its buccal tipping. In addition,
the presence or absence of the third molar tooth follicle
demonstrated a minimal or no effect on tooth move-
ment with any of the appliances. However, the FE
analysis is useful only for the assessment of the initial
force system. This might be a key element behind the
differences between our results and those of Kinzinger
et al.” Hence, the extension of the interpretation of our
results into a clinical situation should be approached
with caution.

In our study, the fixed orthodontic appliance was placed
on the teeth with the MPAP, since it was introduced
in previous studies as a whole treatment entity.'®'***”’
Meanwhile, the headgear and the pendulum were
applied without braces, because although several authors
placed headgear and brackets simultaneously,’®”
others placed the braces after the end of that headgear
phase.”* Moreover, several authors applied pendulums
separately, and then followed with fixed orthodontic
appliances.”™ Hence, the treatment techniques of
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headgear and a pendulum without braces were selected
for comparisons with an MPAP in our study. Future
studies to evaluate different headgear and pendulum
techniques are recommended.

In this study, the results may differ from the biological
response in patients. Moreover, the effect of time was
not factored in; thus, clinical outcomes may be different
from these results. Therefore, clinical evaluations of
these results are warranted to overcome the FE limitation
regarding the time effect and anatomical variability.

CONCLUSION

The presence or absence of a third molar tooth follicle
showed no significant effect on first molar movement,
regardless of the appliance.

In Stage 1, MPAP resulted in distalization of the first
molar, but more at the root than at the crown. The
bone-anchored pendulum resulted in distalization, distal
and buccal tipping, and intrusion. When the bone-
anchored pendulum appliance was used in Stage 2,
extrusion and increased buccal tipping of the first molar
resulted.

The application of an MPAP may be an effective
treatment option for maxillary molar distalization.
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