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Evaluation of the Magnitudes of Force
and Patterns for the Intrusion of Maxillary
First Molar Teeth with Mini-Screw Anchorage,
Analyzed Using the Finite Element Method
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Abstract
The purposes of this study were to evaluate the
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teeth without exceeding the periodontal capillary-
vessel blood pressure of 0.0047 MPa and to compare
the use of anchorage from either two or three mini-
screws to determine the optimal pattern of force for
the intrusion of maxillary first molar teeth, using the

finite element method. A three-dimensional finite
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element model was constructed using SolidWorks
software. Intrusive force was applied at the middle
of the occlusal surface of the maxillary first molar
tooth. The finite element model was able to determine
the greatest magnitude of force applied by simulation
of various force magnitudes. To determine the optimal
pattern of force, the different patterns of stress
distribution and initial displacements of maxillary
first molar teeth between the pattern of intrusion using
two and three mini-screws were compared using
ABAQUS software. In the pattern of intrusion using
two mini-screws, on the buccal side, a mini-screw
was placed between the roots of the first and second
molar teeth. On the palatal side, a mini-screw was
placed between the roots of the second premolar and
first molar teeth. In the pattern of intrusion using three
mini-screws, two mini-screws were inserted into the
maxillary buccal alveolar bone, one between the roots
of the second premolar and first molar teeth and the
other between the roots of the first and second molar
teeth. The third mini-screw, in the mid-palatal suture,
supplied the palatal anchorage. In the case of each
pattern, the calculated magnitude of forces was
applied to each maxillary first molar tooth. Results
showed that the greatest magnitude of force for the
intrusion of maxillary first molar teeth was 13 grams.
It was concluded that the pattern with two mini-
screws was the optimal pattern of force for the
intrusion of the maxillary first molar because this
pattern provided more bodily movement than that

with three mini-screws.

Keywords: intrusion of maxillary first molar teeth,

mini-screw anchorage, finite element method



@y, VuAENT 191 39 atiudl 1 2561

Introduction

A supra-erupted molar is one of the most common
clinical findings in adult patients. Delayed replacement
of lost teeth often leads to extrusion of the opposing
teeth into the edentulous space, leading to masticatory
insufficiency, periodontal problems and temporoman-
dibular disorders. When a prosthesis is planned for the
edentulous area, re-establishing a functional posterior
occlusion requires a comprehensive dental treatment
plan. Ifthe dental alveolar extrusion is mild, it is possible
to gain the space by performing coronoplasty and
endodontic treatment of the supraerupted tooth. When
the extrusion is moderate, orthodontic intrusion is
recommended.

Intrusion is associated with numerous side effects
from the periodontium and cementum."”’ However, in
recent years, successful orthodontic intrusion has been
clinically documented and is considered a safe
procedure. The magnitude and direction of forces are
carefully monitored.” In the literature, intrusive force
values vary among authors from 50 to 500 grams.m)
This variation may be explained by the difficulty in
measuring the force applied by complex biomechanical

(8) the

systems using continuous straight archwires,
difference in root surface area of each tooth as well as
the differences among various techniques. Generally,
heavier forces should be avoided, given the fact that
in this type of movement the force is distributed over
a small area around the apex.(g) Due to stress
concentration over a limited area, orthodontic intrusion
is considered to present risks for root resorption of
involved teeth. The recommended force for miniscrew-
supported maxillary molar intrusion is 100 to 200

10 .
grams."” However, there is no agreement on the proper

load for molar intrusion.
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To intrude supra-erupted maxillary molars,
orthodontic anchorage can be prepared by incorporating
multiple teeth, combined with extra-oral headgear, or
using mini-plates as bony anchorage. Nowadays,
orthodontic intrusion has gained wide acceptance
because the use of orthodontic temporary anchorage
devices (TADs) can be a simple treatment that does
not require other teeth or additional extra-oral
anchorage.”"" The available literature for maxillary
molar intrusion with skeletal anchorage devices,
especially mini-screws, consists mainly of case reports.
G110 However, studies on biomechanical effects, such
as stress and displacement on the tooth and the
periodontal ligament, are limited. Because in-vivo
studies are not quite sufficient in evaluating
biomechanical effects, finite element analysis, a general
method in engineering, has become a useful option for
the assessment of biomechanical factors in orthodontics.
The finite element method (FEM) is an accurate
technique used to analyze structural stress. This method
uses a computer to calculate large numbers of equations
to identify the stress on the basis of the physical
properties of the structures being analyzed."” In
orthodontics, the FEM provides the orthodontist with
quantitative data that can provide the understanding of
physiological reactions that happen within the dento-
alveolar complex.

The main purpose of this study was to evaluate
the greatest magnitude of force that can be applied in
order to initiate the intrusion of maxillary first molar
teeth without exceeding the periodontal capillary-vessel
blood pressure(lg) 0f0.0047MPa."” The minor purpose
was to compare the use of anchorage from either two
or three mini-screws to determine the optimal pattern
of force for the intrusion of maxillary first molar teeth,
using the finite element method. The optimal pattern
would be the one that produces bodily movement, rather

than tipping, of the tooth.
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Materials and Methods

Construction and Assembly of solid models

Commercial tooth models (Model-i21D-400G;
Nissin Dental Products, Kyoto, Japan), which included
the maxillary second premolar, first molar and second
molar teeth, were scanned through the use of a 3-D
scanner (D800 3D Scanner, 3 Shape, New Providence,
New Jersey, USA) to produce the digital tooth images.
These three maxillary posterior teeth were modeled

@9 t6 construct the

manually, as suggested by Wheeler
three-dimensional tooth models according to the
standard dimensions of human teeth.

The periodontal ligaments of the maxillary second
premolar, first molar and second molar teeth were
assumed to have a thickness of 0.2 mm, as previously

@Y and to be constant

described in another FEM study
all over the roots. They were constructed using
Materialised 3-matic software (3-matic Research 9.0
software; Materialise, Leuven, Belgium). The maxillary
model (cortical and cancellous bone) was established
using a three-dimensional computer-aided design
program (SolidWorks software, Dassault Systemes
Americas, Waltham, Mass, USA). Solid models,
including the maxillary second premolar, first molar
and second molar teeth, periodontal ligament (PDL)
and the maxillary bone (cortical and cancellous bone),
were assembled using SolidWorks. The maxillary
posterior tooth roots were embedded in the maxillary
model, which was programmed to trace the cemento-
enamel junction’s contour gingivally. The thickness of
the cortical bone was assumed to be 2.0 mm. The
posterior teeth from the second premolar to the second
molar were leveled, and the maxillary first molar
without its surrounding alveolar bone was extruded by

1.5 mm.

Finite element model construction
Following construction of the solid model, it was

imported into ABAQUS software (Dassault Systemes
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Americas). The assembled model of a maxilla with
maxillary posterior teeth was meshed into several small
elements. Tetrahedron elements with high mesh quality
were used for intrusion of the maxillary first molar
tooth. The meshed model contained 197,772 nodes and
959,647 elements. Convergence tests were performed
to determine the reliability of the solutions obtained
from comparing the discretization of the elements.
The x, y and z axes of the three-dimensional finite
element model represented the mesio-distal, the
gingivo-occlusal and the bucco-palatal directions,
respectively. Thus -x, -y and —z axes represented the
mesial direction, the gingival direction and the palatal
directions, respectively. All the nodes on the mesial
and distal surfaces of the cortical bone were constrained
in all directions to prevent displacements from loading.
Contacts between the maxillary second premolar,
maxillary first molar and maxillary second molar teeth
were defined as frictionless surfaces. The contact
constraints between these teeth and the periodontal
ligament were set up with the “tie” feature of the
software program, as well as those between the
cancellous bone and the periodontal ligament and
between the cancellous bone and the cortical bone.
All materials in the finite element analysis were
assumed to be homogeneous and isotropic. The material
properties for tooth and bone were taken from a
previous FE study® (Table 1). The hyperelastic
property of the PDL was taken into consideration in
this investigation, and the strain energy potential
function for the Ogden model can be expressed as

W= B A -3+ S0 - D (1)

where W is strain energy function, }\'1’ Xz and X3 are
the principle stretches, and J is the elastic volume ratio.
uiis related to the initial shear modulus of the material;

O and D_are the parameters of the material.
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The data from an uniaxial tension test for the
periodontal ligament in a previous study” was applied
to fit the third order Ogden model. The coefficients of
the third order Ogden model” are shown in Table 2.
The Poisson’s ratio for the PDL was assumed to be
0.45.

M151971 1 A dimesuansdeauiigenave sy
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Table I  Parameters for the mechanical properties of
tooth and of cortical and cancellous bone.””
Material Young’s modulus | Poisson’s ratio
(MPa)
Cortical bone 13700 0.26
Cancellous 1370 0.30
bone

Tooth 19613.3 0.15

AN 2 AI1FUUTLENTYeIUUUTIaDIaa AR I Y

Fa11/2?
Table2  Coefficients of the third order Ogden model.””
i 2 o D
1 -24.4237016 1.99994222 4.87164332
2 15.8966494 3.99994113 0.00000000
3 8.56953079 -2.00005453 0.00000000

Definition of loading condition

First research hypothesis

To simulate maxillary first molar intrusion,
intrusive force was applied at the middle of the occlusal
surface of the maxillary first molar tooth. The force
was transmitted through the center of resistance,
parallel to the long axis of the maxillary first molar
tooth (Figure 1). The finite element model was able to
determine the greatest magnitude of force applied
without exceeding the periodontal capillary-vessel
blood pressure by simulation of various force

magnitudes (5, 10, 11, 12, 13, 14, 15, 20, 25, 50, 100 g).

CM Dent J Vol. 39 No. 1 2018
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Figure 1 Intrusive force at the middle of the occlusal

surface of the maxillary first molar tooth

(red arrow).

Second research hypothesis

When the various force magnitudes of intrusive
force were applied (from the first research hypothesis),
we found that the greatest magnitude of force without
exceeding the periodontal capillary blood pressure of
0.0047 MPa was 13 g. In consequence, in the case of
each pattern, finite element analysis was realized by
applying a total of 13 g to each maxillary first molar
tooth.

In the pattern of intrusion using two mini-screws,
the finite element model was initiated with two force
vectors: one at the distobuccal (Point a) and another at
the mesiopalatal (Point b) angle of the maxillary first
molar tooth. The force vectors were applied to the
mini-screw positions on the buccal (Point ¢) and palatal
(Point d) sides, respectively (Figure 2). Ultimately,
Point ¢ was located between the roots of the maxillary
first and second molars teeth, whereas Point d was
located between the roots of the maxillary second
premolar and first molar teeth. In the vertical
(occlusogingival) aspect, both positions were 6 mm

apical to the CEJ. Lee et al.”® and Garib er al.*® found
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that the mean thicknesses of the buccal and palatal bone
plates of the maxillary first molar teeth 6 mm apically
to the CEJ were 1.92 and 1.13 mm, respectively. As these
thicknesses were applied to the buccopalatal positioning
of the mini-screws, Point ¢ and Point d were 1.92 and
1.13 mm away from the root surfaces, respectively. To
simulate the maxillary first molar intrusion, 6.5 g of
intrusive forces were applied on each side.

In the pattern of intrusion using three mini-screws,
the finite element model was initiated with three force
vectors (Figure 3). On the buccal side, the force vectors
(Point e) were applied to the midpoint of the tooth. One
force vector was directed to the mini-screw position
between the roots of the maxillary second premolar
and first molar, 6 mm apical to the CEJ (Point f). The
other was directed between the roots of the maxillary
first and second molar teeth, 6 mm apical to the CEJ
(Point g). For the buccopalatal positioning of the mini-

® away from the

screws, both position were 1.92 mm
root surface. On the palatal side, the force vector was
applied to the midpoint of the palatal surface (Point h)
and was directed towards Point i at the midpalatal suture
(at the point where a perpendicular line from the central
pit of the maxillary first molar teeth intersects the
midpalatal suture). Moreover, the palatal force vector
was angulated 45 degrees to the long axis of the
maxillary first molar tooth.”” Six point five grams of
intrusive force were applied on the buccal side of the
maxillary first molar, 3.25 g in the mesial and 3.25 g
in the distal directions, whereas 6.5 g of intrusive force
were applied perpendicularly on the palatal side.

The distribution and standard deviation of the von
Mises stresses along the periodontal ligament and the
initial tooth displacement measured at the four cusps
and three root apices of the maxillary first molar tooth
were analyzed. To determine tipping movements
accurately, initial tooth displacements by comparing

the same nodes, having the same coordinates in each

100
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pattern at the root apices and the cusp tips, were
evaluated by superimpositions of the tooth positions

before and after force application.

Ui 2 sUuvumsaudimevandavynialunsegn 2 6

Figure 2 Pattern of intrusion using two mini-screws.

i (mid-palatal suture)

R

Y

i (mid-palatal suture)

JUn 3 suvumsaudimevandanyailalunsegn 3 i
Figure 3 Pattern of intrusion using three mini-screws.
Results

First research hypothesis

In this study, the hydrostatic pressure (p) on the
periodontal ligament of the maxillary first molar tooth,
which is equal to GH = ((5l + 02 + 63)/3 with
hydrostatic stress O ; and the principal stresses O ” 02
and (53, was calculated. Hydrostatic pressure
distributions (color-coded map) along the periodontal
ligament of the maxillary first molar tooth when various
force magnitudes were applied are shown in Figure 4.
In the figure, the colors show the hydrostatic pressure

values from 0.00 to 0.0047 MPa. Light grey color
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represents the areas in which hydrostatic pressure
values were greater than 0.0047 MPa, whereas dark
grey color represents the areas in which hydrostatic
pressure values were less than zero. For the intrusive
forces of 5,10, 11, 12 and 13 g, there were no areas in
which the hydrostatic pressure exceeded the periodontal
capillary-vessel blood pressure of 0.0047 MPa. When
an intrusive force of 14 g was applied, a small area in
which the hydrostatic pressure exceeded the periodontal
capillary-vessel blood pressure was found in the
furcation region of the periodontal ligament of the

maxillary first molar tooth (node 9270). Moreover, the

31/17 4
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greater the force magnitude applied, the larger the area
in which the hydrostatic pressure exceeded the
periodontal capillary-vessel blood pressure.
Furthermore, for intrusive forces of 14, 15, 20 and 25 g,
areas in which the hydrostatic pressure exceeded the
periodontal capillary-vessel blood pressure of 0.0047
MPa were found only in the furcation regions of the
periodontal ligament of the maxillary first molar tooth.
Periapical regions in which the hydrostatic pressure
exceeded the periodontal capillary-vessel blood
pressure were found when intrusive forces of 50 and

100 g were applied.
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Figure 4 Hydrostatic pressure distribution along the periodontal ligament of the maxillary first molar tooth when various

force magnitudes (5, 10, 11, 12, 13, 14, 15, 20, 25, 50, and 100g) were applied.
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Figure 4 (cont’d) Hydrostatic pressure distribution along the periodontal ligament of the maxillary first molar tooth
when various force magnitudes (5, 10, 11, 12, 13, 14, 15, 20, 25, 50, and 100g) were applied.
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Figure 4 (cont’d) Hydrostatic pressure distribution along the periodontal ligament of the maxillary first molar tooth when

various force magnitudes (5, 10, 11, 12, 13, 14, 15, 20, 25, 50, and 100g) were applied.

Second research hypothesis

In the pattern of intrusion using two mini-screws,
the stress distribution pattern on the periodontal
ligament of the maxillary first molar tooth is shown in
Figure 5. The maximum von Mises stress value was
0.002603 MPa at the apical third of the palatal side of
the disto-buccal periodontal ligament. The standard
deviation of von Mises stresses was 0.000314. Initial
displacement of the maxillary first molar crown and

root is shown in Table 3 and Figure 6.

In the pattern of intrusion using three mini-screws,
the stress distribution is shown in Figure 7. The
maximum von Mises stress value was 0.003187 MPa
at the apical third of the buccal side of the palatal
periodontal ligament. Overall, the palatal side of the
periodontal ligament presented a more extended
compressive region than did the buccal side. The
standard deviation of von Mises stresses was 0.000392.
Initial displacement of the first molar crown and root

is shown in Table 4 and Figure 8.
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s, Mises
(Aug: 100%)
03

offset PDL.13458.

plan offset POL 9343

U5 mansznennuaulududnusiudvesitunsuuivuginiudeliisinseyiaeunanse
Figure 5 Von Mises stress distribution (color-coded map) along the periodontal ligament of the maxillary first molar

when two intrusive forces were applied

JUN 6 anvanIsiadeuilisusuuazn1sgeuriuvesiunsmuivugivilaudelilsanseyiaeuuauss (Filei0ouuanid
Smndaunaun IS, Sdeunduuansaesundsveilumadn)slis)
Figure 6  Initial displacement and superimposition of the maxillary first molar tooth when two intrusive forces were applied

(Bright green, before; Dark green, after).

an offset POL 9343

U7 nsnsgmeanuaulusudausiusvesitunsuivudiviadelisanseia s
Figure 7 Von Mises stress distribution (color-coded map) along the periodontal ligament of the maxillary first molar

tooth when three intrusive forces were applied.
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31/17 8

Figure 8

715799 3

Table 3

AN ISIARUTILSUAULALN 1 STOUTTUYDINUN T IV o U SIn T ausuInse (Fide0auLandia
Fuydaiunoun TS, ST TLaRsIMUSYITUaaN 15 TIILS)
Initial displacement and superimposition of the maxillary first molar tooth when three intrusive forces were

applied (Bright green, before; Dark green, after).

sHenIIARIUTSUS U ITha e s nThuresTun T LE M (Dadwns) dialisnseyimeuause lngdmn
I MBC waredy Jusluduunulndnate, DBC wu1eds Juuaiuunulnanars, MPC wu1gia
Yuitugrunaulngnars, DPC vaneds Yuitugmunaiulnanats, MBRA wangie Uargsmitusuunulngnals,
DBRA 9311854 Uanesmitus musulnana1e, PRA vsned Uategsinitus mamwa 1 uenaIni ssuiu X wanede
AN Elnana N sEUIY Y Maeie AN NEIUIAEI Ay SuIU Z mangde HEMeR A
Initial displacement of the maxillary first molar crown and root (mm) when two intrusive forces were applied.
MBC, mesio-buccal cusp; DBC, disto-buccal cusp; MPC, mesio-palatal cusp, DPC, disto-palatal cusp; MBRA,

mesio-buccal root apex; DBRA, disto-buccal root apex; PRA, palatal root apex; x-axis, distal direction, y-axis

occlusal direction; z-axis, buccal direction.

Tooth Part Position

Displacement (mm)

AX Ay Az

Maxillary first molar Crown MBC 1.8366E-04 -1.64515E-03 -9.76464E-04

tooth DBC 2.10976E-04 -1.82105E-03 -7.31094E-04

MPC 4.26263E-04 -2.17517E-03 -9.26768E-04
DPC 4.54999E-04 -2.34064E-03 -7.04652E-04
Root MBRA -1.25788E-04 -1.63943E-03 3.42994E-04
DBRA -1.21652E-04 -1.70384E-03 4.89181E-04

PRA 1.3788E-04 -2.30126E-03 5.41792E-04
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Table 4  Initial displacement of the maxillary first molar crown and root (mm) when three intrusive forces were applied.
MBC, mesio-buccal cusp;, DBC, disto-buccal cusp; MPC, meio-palatal cusp; DPC, disto-palatal cusp; MBRA,
mesio-buccal root apex; DBRA, disto-buccal root apex, PRA, palatal root apex; x-axis, distal direction; y-axis
occlusal direction; z-axis, buccal direction.

Tooth Part Position Displacement (mm)
Ax Ay Az
Maxillary first Crown MBC 3.32192E-04 -6.0149E-04 -3.79807E-03
molar tooth DBC 2.90146E-04 -1.0621E-03 -3.79254E-03
MPC 1.43077E-04 -2.6958E-03 -3.76671E-03
DPC 1.14974E-04 -2.9869E-03 -3.73827E-03
Root MBRA 5.22758E-05 -5.08705E-04 9.28315E-04
DBRA 5.09827E-05 -5.77913E-04 8.91798E-04
PRA -2.07342E-04 -3.03066E-03 1.50598E-03

Discussion

The accuracy of results depends on the accuracy
of the finite element model, including the anatomy of
the solid model, and of the material properties and the
boundary conditions.”” Even though a linear elastic
model is generally used for the PDL, it is commonly
accepted that the PDL component is nonlinear. In
addition, previous investigations(29‘30) have proved that
the transient characteristics of the PDL are more
suitable for nonlinear constitutive models to describe
the mechanical properties of the PDL. Several
constitutive models have been proposed to characterize
the hyperelasticity of the PDL.®"** Therefore, the
hyperelastic property of the PDL was taken into
consideration in this investigation. Another parameter
affecting the precision of the finite element analysis is
the number of elements and nodes comprising the
models. Consequently, in our study, we used elements
as small as 0.2 mm to enhance the number of nodes in

the critical regions where stress and displacement were

evaluated. Moreover, convergence tests of the finite
element method models were completed.

To avoid root resorption, optimal intrusive force
magnitude should be considered.” There is no current
agreement in the literature about the optimal force to

(3.4,34)

be used for molar intrusion. Some authors advise

forces ranging from 30 to 100 g, whereas others suggest
greater force magnitudes ranging from 150 to 500 g.*
In 2007, Hohmann et al.”” suggested that hydrostatic
pressure is one of the indicators of the regions in which
root resorption can occur. Therefore, our study used
this suggestion to identify the greatest force magnitude
for maxillary first molar intrusion, using the finite
element method. We found that the greatest magnitude
of force, that can be applied to initiate the intrusion of
maxillary first molar teeth without exceeding the
periodontal capillary-vessel blood pressure, was 13 g.

This force magnitude was much lower than that in

previous studies. One reason might be that measuring
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the amount of root resorption in most human

3,6,10,36 . . .
( " was based on two-dimensional images

studies
(e.g., cephalometric films, periapical films and
panoramic films), which frequently underestimate the
extent of damage. Since resorptive areas can be
extensive, shallow lacunae are not visible on

59 that

radiographs.”” There has been only one study
focused on root resorption following molar intrusion
using cone beam computed tomography (CBCT).
Furthermore, 150 g of force was applied in that study.
To date, there have been no clinical studies, using
CBCT, and measuring the amount of root resorption
following molar intrusion with a lighter force than
150 g. Another reason might be that the contacts
between the maxillary second premolar, maxillary first
molar and maxillary second molar teeth were defined
as frictionless surfaces. Consequently, the greatest
magnitude of force in this study may be lower than that
in realistic situations.

1.°” reported in their beagle

Ramirez-Echave ef a
dog study that light, constant, intrusive forces of
between 50 and 200 g showed no significant differences
in the amount of resorption produced. A human study

1.4 also showed large individual

by Owman-Moll et a
variations in root resorption, independently of force
magnitude. In contrast to the results of those studies,
we found that the greater the force magnitude applied,
the larger the area in which the hydrostatic pressure
exceeded the periodontal capillary-vessel blood
pressure. This meant that there were larger areas with

high risk of root resorption. However, studies by

(41) / (42)

Dellinger™ " and Gonzales et a support our results.
Dellinger reported in his monkey study that light forces
(10-50 g) resulted in only slight root resorption,
whereas a 100 g-force induced a greater amount of root
resorption. Moreover, unacceptable, severe root
resorption was found when a 300-g force was applied.

These findings agree with those of a rat study by
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Gonzales et al, who found that light, 10-g forces applied
to maxillary first molar teeth produced more tooth
movement and less root resorption than did 25-, 50-,
or 100-g forces.

Our study found that the furcations and root apices
had more areas in which the hydrostatic pressure
exceeded the periodontal capillary-vessel blood
pressure than did regions other than furcations. This
finding is in agreement with the results of previous
studies.””***"* Firstly, when a 14-g force was applied,
areas in which the hydrostatic pressure exceeded the
periodontal capillary-vessel blood pressure were found
only in the furcation. Then, the areas in which the
hydrostatic pressure exceeded the periodontal capillary-
vessel blood pressure were larger when heavier forces
were applied. When a 50-g force was applied, areas in
which the hydrostatic pressure exceeded the periodontal
capillary-vessel blood pressure were found in the
furcation and root apices. A possible explanation for
the more extensive areas in which the hydrostatic
pressure exceeded the periodontal capillary-vessel
pressure in the furcation and apical regions as compared
to other regions may be that bone and root morphology
might be factors that affect the hydrostatic pressure in
the region of the PDL, since the furcation and apical
regions have more areas that are perpendicular to
intrusive forces.””***"

Although, the hydrostatic pressure is one of the
indicators of the regions in which root resorption can
occur, the amount of root resorption cannot be predicted
from only the hydrostatic pressure, because various
factors are related to root resorption during orthodontic

(39)

type of
) 37)

treatment, such as cementum thickness,
cementum (cellular vs acellular cementum
treatment time, *” Age,m) and bone thickness.*

In the first research hypothesis, the intrusive force
was applied parallel to the long axis of the tooth at the

middle of the occlusal surface of the maxillary first
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molar tooth. This direction of force cannot be applied
in orthodontics applications. Therefore, further studies
are needed to evaluate the magnitude of force in
a direction that can be clinically used.

Nowadays, there are many patterns for maxillary
molars intrusion anchored in mini-screws.™'>'*'%*”
However, there is no agreement about the ideal number
of mini-screws to be inserted or the optimal pattern to
intrude maxillary first molar teeth with maximum
efficiency. In our study, we chose two patterns that are
often recommended and referred to by many authors.">'**”

The stress values of the maxillary first molar tooth
were compared between these two patterns of intrusion.
The maximum von Mises stress value in the pattern of
intrusion using three mini-screws was greater than that
in the pattern of intrusion using two mini-screws.
Increased stress values were observed at the palatal
side of the periodontal ligament. Moreover, the standard
deviation of von Mises stress in the pattern of intrusion
using three mini-screws was higher than that in the
pattern of intrusion using two mini-screws. Therefore,
the pattern with three mini-screws had a greater risk
for root resorption than that with two mini-screws.

The amount of intrusive movement of the
maxillary first molar in the pattern of intrusion using
three mini-screws was less than that in the pattern of
intrusion using two mini-screws. In addition, the
amount of palatal tipping movement of the first molar
in the pattern of intrusion using three mini-screws was
more than that in the pattern of intrusion using two
mini-screws. Consequently, our study suggests that the
pattern with two mini-screws was the optimal pattern
of force for intrusion of maxillary first molar teeth
because the more balanced intrusion was identified in
this pattern. The pattern with two mini-screws provided
more bodily movement than that with three mini-screws

and this type of movement is favorable in orthodontics.
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Furthermore, three mini-screws for maxillary first
molar intrusion would be too much for a patient.

Even though the design of both patterns was
intended to control the buccopalatal position of the
tooth during intrusion, palatal tipping was found in
both patterns. Variations in tooth morphologies and
root angles, inclination differences of the vestibular
and palatal slopes of the alveolar bone and the palatal
depth can affect the stress distribution and the path of
the intrusion movement. In the pattern of intrusion
using two mini-screws, the palatal and buccal force
vectors were angulated 24 and 15 degrees, respectively,
to the long axis of the maxillary first molar tooth.
However, in the pattern of intrusion using three mini-
screws, the palatal force vector was angulated 45
degrees to the long axis of the maxillary first molar
tooth, whereas the two buccal force vectors were
angulated 15 degrees. Since the palatal angle of 24
degrees was little larger than the buccal angle of 15
degrees, only little palatal tipping was found in the
pattern using three mini-screws. Because the palatal
angle of 45 degrees was larger than the buccal angle
of 15 degrees, more palatal tipping was found in the
pattern using three mini-screws. Therefore, besides
considering the balanced magnitude of forces, the
balanced direction of force should be considered as
well. Moreover, because of individual variations, it is
essential to use unique mechanics and force systems
for each patient.

In our study, static finite element analysis
simulated only the initial tooth movement in the
maxillary first molar teeth and the initial stress
distribution along the periodontal ligament. The initial
movement may be different from the orthodontic
movement. This difference is due to a change in the
force system and biologic response during the tooth

movement. In addition, other forces act continually on
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the maxillary first molar teeth from the cheek, the
tongue, and the mandibular teeth. The direction and
amount of these forces are undefined, and their effects
on orthodontic movement are unclear. Accordingly,
these forces are not considered in the simulation study.

Another limitation of this study was the
assumption that the periodontal ligament and bone were
homogeneous, isotropic and uniform in thickness.
These limitations can cause differences between

simulation studies and clinical applications.

Conclusions

The magnitude of force that can be applied to
initiate the intrusion of maxillary first molar teeth
without exceeding the periodontal capillary-vessel
blood pressure, was 13 g. Moreover, these results
suggest that the furcation region of the maxillary first
molar teeth should be considered to be prone to
resorption earlier than any other region during
maxillary first molar intrusion treatment.

Since the pattern with two mini-screws provided
more bodily movement than that with three mini-
screws, it was concluded that the optimal pattern of
force for the intrusion of the maxillary first molar was

the pattern with two mini-screws.
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