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Intrusion of Six Maxillary Anterior Teeth Using
Mini-screw Anchorage: A Finite Element Study
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Abstract

Objectives: To evaluate the von Mises stress
distribution and displacement of the six maxillary
anterior teeth intruded with two patterns of mini-
screw anchorage, analyzed by the finite element
method.

Methods: A finite element model of six
maxillary anterior teeth with periodontal ligament
and alveolar bone was constructed. In anchorage
pattern 1, one mini-screw was placed between the

central incisors with a net force of 60 g applied to

Virush Patanaporn

Clinical Professor, Department of Orthodontic

and Pediatric Dentistry, Faculty of Dentistry,

Chiang Mai University, Chiang Mai 50200, Thailand
E-mail: vr167420@hotmail.com



U3, AT U7 40 auft 2 W.A.-.A. 2562

vuwaziudsaun 1use 2 10 heuazen 3960 a3y
Tundgsiimndunanuinafuandnasuuuas iy
FATT1oUL AIIATITRNINITINBANUATIALRS
mMILARBUTivasiy

wamsAne: lunalawuud 1 AnuAsoALUY
soufinaiiiufndnasdifgoniduinddouazity
Ben lunalawuufl 2 MInTsaeANUASEALULIDY
finwaiiudadnaounzAudndiofisgelndifoeiu
wazsnnnfidude Tunalawuud 1 Wunﬂ;ﬁgﬂﬁm%
wisnAvduuasiBosoanmuniy lunalnuuud 2 fu
Aadnaegaduiimusaunuiu Tuansfinudaddg
wasiudoninesnunsntios

sguua: nalnmsdudhuesiumihuunnd ield
wandanyailulunszgn 2 /1 dmsnszanepnuasen
TugoRusauy §9 uaziliAnmsaasuiulufiene

sdnlganinmalduandavyailslunszgn 1 i

AshAry: nandanyaiolunszgn nsaudiveiumii
vu Bl ludiediuug

Introduction

Intrusion of anterior teeth is necessary for
patients with deep overbite and gummy smile,
Class II skeletal relationship and large vertical
facial height.'">) Conventional methods for incisor
intrusion, such as the utility arch, intrusion arch, and
reverse curved arches, have adverse side effects,
such as labial tipping of maxillary anterior teeth and
extrusion of posterior teeth.!!**>) Therefore, mini-
screws are widely used as anchorage to intrude the
anterior teeth, because there is no side effect to the

posterior teeth, the force is easy to control and no
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the arch wire between the central incisors towards
the mini-screw. In anchorage pattern 2, two mini-
screws were placed between the lateral incisors
and canines, left and right, with a net force of
60 g applied to the arch wire between the central
and lateral incisors in an oblique direction towards
the mini-screws. The stress distribution and the
displacement of the teeth were analyzed.

Results: In anchorage pattern 1, the von Mises
stress on the central incisors was greater than that
on the lateral incisors or canines. In anchorage
pattern 2, the von Mises stress distribution was
greater on the central and lateral incisors than on
the canines. In anchorage pattern 1, all teeth were
intruded with proclination. In anchorage pattern 2,
the central incisors were intruded along their long
axes, whereas the lateral incisors and canines were
slightly proclined.

Conclusions: The two-mini-screw pattern
distributes stress in four incisors and displaces
teeth closer to pure intrusion than the one-mini-

screw pattern.

Keywords: mini-screw, intrusion of maxillary

anterior teeth, finite element method

patient co-operation is needed.” Previous
investigations have reported successful intrusion
of maxillary anterior teeth using mini-screws with
variety of mechanics.®®)

Nanda and Tosun® recommended two anchorage
patterns for intrusion of the six maxillary anterior
teeth, one placing one mini-screw between the
central incisors and applying one force to intrude the
teeth, the placing two mini-screws between the lateral
incisors and canines, left and right, and applying two

forces obliquely to intrude the teeth.
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Intrusion of anterior teeth usually produces
proclination, an unwanted side effect.(!4>)
Inclination control is needed when one mini-screw
is placed between the central incisors.(®”) Two mini-
screws with oblique direction of force has rarely been
studied; only Park et al'?) reported that the stress
distribution for the intrusion of the six mandibular
anterior teeth was even, and pure intrusion occurred
when the mini-screws were placed distal to the
canine and the force applications were between
the central and lateral incisors. Using mini-screw
anchorage with an oblique force direction is of interest
for the intrusion of the six maxillary anterior teeth.

The finite element method (FEM) is a simulation
program which predicts how an object reacts to
different stimuli based on its properties.(!"1?) It is
an accurate technique for analyzing structural stress.
In orthodontics, the FEM provides quantitative data
that can facilitate the understanding of physiological
reactions happening within the dento-alveolar
complex.

The purposes of this study were to investigate
the pattern of von Mises stress distribution in the
periodontal ligament (PDL) and the displacement of
teeth using two anchorage patterns for the intrusion

of the six maxillary anterior teeth, analyzed by FEM.

Materials and methods

Commercial maxillary model (Model-i21FE-
400C; Nissin Dental Products, Kyoto, Japan) were
scanned using a 3-D scanner to produce digital tooth
images. The model of the anterior maxillary segment
was constructed using SolidWorks software (Dassault
Systémes Americas, Waltham, Mass., USA).
The model included the left and right maxillary
central and lateral incisors and canines with a
0.2-mm linear thickness of PDL along the root
surface.!34) The maxillary alveolar bone consisted
of cancellous bone and 1.0-mm thickness of cortical

bone.!¥) After all bony, dental, and PDL structures
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were graphically represented, brackets were
modeled with 0.022x0.028-in slots, a stainless-steel
arch wire was modeled with the dimensions
0.017x0.025-in, and no play (no movement of a wire
in a bracket slot) was assumed between the brackets
and the arch wire. The properties of all materials
simulated in this study were based on previous
reports from the literature'® (Table 1). Dental and
bone materials were assumed to be homogeneous,
isotropic, and linearly elastic. To represent the non-
linear mechanical behavior of the PDL, parameters
of the hyper-elastic instantaneous response'!” were
used (Table 2).

After the model construction, discretization
was performed, and boundary conditions of the
anatomic structures were assigned, using Abaqus
software (Dassault Systémes Americas). The
assembled model of the six maxillary anterior teeth
with alveolar support was meshed into several small

elements. Each element had six degrees of freedom

Mz 1 AasuURvesilty Aszgaiiu nazgailelusy unzman

lmiin "
Table 1  Material properties of tooth, cortical and cancellous
bone and stainless steel'”
Material Young’s Poisson’s ratio
modulus (MPa)
Dentin 19613.3 0.15
Cortical bone 13700 0.26
Cancellous bone 1370 0.3
Stainless steel 200000 0.3

M1310% 2 AAIENURTONS ARSI AT TRV A LAY
vovaumssaniy”
Table 2 Material properties of the PDL. The coefficients of
the third order Ogden model.!!”)
i u, a, D,
1 -24.4237016 | 1.99994222 | 4.87164332
2 15.8966494 | 3.99994113 | 0.00000000
3 8.56953079 | -2.00005453 | 0.00000000
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(three displacements and three rotations). The
boundary conditions were assigned on the top and
back of the model. The final model consisted of
3,312,844 elements and 792,987 nodes.

The interactions between the elements of
different objects were tie contact interactions, in
which phases from the different materials remained
without relative displacement between them. The
teeth had no contact and no friction between them.

In this model the x-axis represented the
mesio-distal, the y-axis the occluso-gingival, and the
z-axis the labio-palatal aspects (Figure 1).

In anchorage pattern 1, one mini-screw was
placed between the central incisors, 8 mm above the
CEJ. Anet force of 60 g was applied to the middle of
the arch wire between the central incisors, because
Proffit et al'® recommended an intrusive force of
10 g per single-rooted tooth. The force direction was
upward along the contour of the teeth and gingiva

towards the mini-screw, at about 80° to the occlusal

8 mm

A

Figure 1

for
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Reference planes: x=left; -x=right; y=superior;
-y=inferior; z=labial; -z, palatal directions. Orange

arrows show the boundary conditions at the top and

back of the FE model.
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Figure 2 Meshed FE models with mini-screw placement (red stars) and force direction (vellow arrows).

A) Anchorage pattern 1: one mini-screw between the maxillary central incisors and a force applied from the main arch

wire between the maxillary central incisors to the mini-screw.

B) Anchorage pattern 2: two mini-screws between the maxillary lateral incisors and canines and forces applied from

the main arch wire between the maxillary central and lateral incisors.
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apical views (C).

plane (Figure 2). In anchorage pattern 2, two mini-
screws were placed between the lateral incisors and
canines, left and right. A net force of 60 g, divided
by two, applied to the arch wire between the lateral
incisor and canine on each side in an oblique
direction towards the mini-screw (Figures 2). The
left force (FL) and right force (FR) were divided

NRABAUUUT | UWNUAIWTUFAUAITATZ018AIATEN HBlAsuuse 60 A5y alnasudihn (4) muladinaiu (B) A

Anchorage pattern 1, the color-coded map shows the distribution of stress of 60 g force: labial (A), palatal (B), and

among the x, y and z axes. FL and FR were equal in
magnitude, but FR-x was in the opposite direction
to FLx.

The Abaqus software (Dassault Systémes
Americas) was used to analyze the von Mises
stress distribution pattern and displacement for the

intrusion of the six maxillary anterior teeth.
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Figure 4 Color-coded map showing the distribution of stress of 60 g force in each tooth in anchorage pattern 1: labial (A) and

palatal (B).
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Results

In anchorage pattern 1, the von Mises stress
distribution was greater on the central incisors than
on the lateral incisors or canines. The greatest stress
value was found at the cervix of the labial side of the
PDL of the right central incisor (+1.184x10°2 MPa).

The least stress value was found at the cervical-

4

+1.775e-03 B

Y

000
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Anchorage pattern 2, color-coded map showing the distribution of stress of 60 g force: labial (A), palatal (B), and apical

middle third of the palatal side of the PDL of the right
canine (+5.803x10® MPa) (Figure 3). There was
much greater stress on the central incisors than on
the lateral incisors or canines. The stress distribution
pattern in each tooth is shown in Figure 4.

In anchorage pattern 2, the stress was greater on

the central and lateral incisors than on the canines.
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Color-coded map showing the distribution of stress of 60 g force on each tooth of anchorage pattern 2: labial (4), palatal
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Anchorage pattern 2
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Figure 7

Displacement of teeth indicated by superimposition of before (green) and after (orange) loads of the teeth (Magnified

differentiation). Each set of pictures consists of the labial, mesial and occlusal views, respectively. Right central incisor

(4). Right lateral incisor (B). Right Canine (C).

The greatest stress value was found at the apex
of the PDL of the left central incisor (+1.775x10-3
MPa). The least stress value was found at the apex
of the PDL of the left canine (+1.178x10-5 MPa)
(Figure 5). There was rather equal on the central and
lateral incisors and more than on the canines. The
stress distribution pattern in each tooth is shown in

Figure 6.

Displacement of the crowns and roots of the
six maxillary anterior teeth in anchorage pattern 1
is shown in Table 3. In the x-axis, the mesio-distal
direction, the crowns of the six maxillary teeth moved
mesially and the root apices moved distally. In the
y-axis, the vertical direction, the crowns and root
apices of all teeth were intruded, except that the root

apices of the canines were slightly extruded. In the
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z-axis, the labio-palatal direction, the crowns of all
teeth moved labially, and the root apices of all teeth
moved palatally. The central incisors moved farther
than the lateral incisors or canines. The displacement
of each tooth is shown in Figure 7.

Displacement of the crowns and roots of the

six maxillary anterior teeth in anchorage pattern 2

A151091 3 MTAREUNYeITULAR: T lunandauuun 1
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is shown in Table 4. In the mesio-distal direction,
the crowns of the six maxillary teeth moved distally
and the root apices moved mesially. In the vertical
direction, the crowns and root apices of all teeth were
intruded. In the labio-palatal direction, the crowns
of the central incisors moved palatally, whereas the

crowns of the lateral incisors and canines moved

Table 3  Displacement of each tooth in anchorage pattern 1
Displacement (mm)
Tooth Part
AX AY AZ
. o Crown 2.06E-3 8.40E-3 6.98E-3
Right central incisor
Root -1.51E-3 1.20E-3 -5.68E-3
) L. Crown 1.77E-3 1.24E-3 2.35E-3
Right lateral incisor
Root -0.47E-3 0.30E-3 -1.59E-3
. . Crown 1.02E-3 0.21E-3 1.20E-3
Right canine
Root -0.41E-3 -6.97E-5 -0.44E-3
o Crown -2.51E-3 8.22E-3 7.60E-3
Left central incisor
Root 1.64E-3 1.01E-3 -6.12E-3
. Crown -1.26E-3 1.22E-3 1.70E-3
Left lateral incisor
Root 0.39E-3 0.18E-3 -1.07E-3
) Crown -1.06E-3 4.30E-5 1.13E-3
Left canine
Root 0.48E-3 -0.25E-3 -0.28E-3
mei 4 mandeuiivesiuudazdlundndauuui 2
Table 4  Displacement of each tooth in anchorage pattern 2
Displacement (mm)
Tooth Part
AX AY AZ
. L. Crown -0.33E-3 1.61E-3 -0.64E-3
Right central incisor
Root 0.43E-3 1.34E-3 -1.08E-3
. . Crown -7.76E-5 1.92E-3 0.41E-3
Right lateral incisor
Root 0.24E-3 1.26E-3 -1.41E-3
. . Crown -0.19E-3 0.61E-3 0.26E-3
Right canine
Root 0.20E-3 0.33E-3 -0.38E-3
L. Crown 0.91E-3 1.91E-3 -0.85E-3
Left central incisor
Root -0.61E-3 1.73E-3 -1.28E-3
L. Crown 0.49E-3 1.69E-3 0.41E-3
Left lateral incisor
Root -0.44E-3 0.88E-3 -1.13E-3
. Crown 0.60E-3 0.30E-3 2.89E-5
Left canine
Root -0.27E-3 7.53E-5 -0.18E-3
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labially. The root apices of all teeth moved palatally.
The central and lateral incisors moved a similar
distance to each other, but a greater distance than the
canines. The displacement of each tooth is shown in

Figure 7.

Discussion

In anchorage pattern 1, the von Mises stress was
more concentrated on the central incisors than on
the lateral incisors or canines, whereas in anchorage
pattern 2, the stress was concentrated on both the
central and lateral incisors. There was less stress on
the canines than on the central and lateral incisors in
both anchorage patterns. The distribution of stress
was greater on the teeth that were closer to the force
application points. The greatest stress possible in
anchorage pattern 1 (+1.184x10”> MPa) was greater
than that in anchorage pattern 2 (+1.775x10~ MPa)
due to the division of force. Since the net forces in
both anchorage patterns were equal, the stress of
60-g force in anchorage pattern 1 was focused on
a single point, whereas in anchorage pattern 2, the
force was divided between FL and FR. Therefore,
in anchorage pattern 2, the stress was better
distributed. In addition to the points concluded
above, the apices of the incisors received great stress,
a finding which was consistent with the findings of
previous studies!'*?? which stated that the area
around the apices of the incisors was the most prone
to resorption, especially the lateral incisors.>!->3)

The anterior teeth are usually proclined when
they are intruded. In this study, the stress distribution
and displacement of the teeth suggest that the teeth
would be proclined if anchorage pattern 1 were to be
used in the clinical setting. However, in anchorage
pattern 2, the lateral incisors and canines were slightly
proclined, but the central incisors were intruded
along the long axis. Other FEM studies also reported
the proclination of the intruded incisors.('>??) Saga et

al®? reported a strong tendency towards proclination

61
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of the maxillary central incisors when the point of
force application was more anterior. Park er al.(19)
reported that equal stress distribution and pure
intrusion of the six mandibular anterior teeth
occurred when mini-screws were placed distal to the
canines and the force applications were between the
central and lateral incisors. Our results have shown
that an oblique force, as used in anchorage pattern
2, leading to pure intrusion of the anterior teeth. The
oblique force consists of the combined forces of
the palatal and intrusive vertical force vectors. The
vector of force in the palatal direction resisted the
proclination of the teeth, so the teeth in anchorage
pattern 2 were intruded along their long axes.

The central incisors in anchorage pattern 1
moved a greater distance than those in anchorage
pattern 2 due to the difference in stress distribution in
thetwo patterns. In anchorage pattern 1, the distribution
was concentrated in the central incisors, which were
closest to the force application point. Thus, the central
incisors in anchorage pattern 1 moved the greatest
distance. Anchorage pattern 2, however, had two
force application points, which is why the stress was
distributed among the four teeth, central and lateral
incisors. Therefore, the central incisors in anchorage
pattern 2 moved a shorter distance than those in
anchorage pattern 1, but the lateral incisors and
canine in anchorage pattern 2 moved a greater
distance. These results show that the force application
point affected the stress distribution on each tooth.
With equal force, teeth that were closer to the force
application point had greater stress distribution,
resulted in greater displacement.

In FEM studies, the reliability of the results
depends on the accuracy of the model. This study had
some limitations. The PDL and cortical bone were
created with uniform thickness. In reality, however,
the PDL and the cortical bone are not of uniform
thickness.!!>242%) Friction between teeth is also

another factor relating to the magnitude of force
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applied for tooth intrusion. However, this study
applied no friction between neighboring teeth. The
first premolar was not created in the FE model, which
was another limitation. Additionally, all materials,
(except the PDL, whose property, according to
previous studies®*?%?%) is non-linear) were assigned
with linear elastic properties.

Further study is needed to determine the effect of
treatment time on the movement of teeth. In clinical
settings over long periods of time, the movement of
teeth would probably differ from the results in this
study.

Conclusions

1. The stress in the two-mini-screw anchorage
pattern was distributed widely over the four incisors,
whereas the stress in the one-mini-screw anchorage
pattern was concentrated only in the two central
incisors.

2. When the net force in both anchorage patterns
is equal, the greatest stress in the two-mini-screw
pattern is less than that in the one-mini-screw pattern

3. The two-mini-screw anchorage pattern
displaces the six maxillary anterior teeth closer
to pure intrusion. The one-mini-screw anchorage

pattern intrudes the teeth with proclination.
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