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Effects of the Angulation of Orthodontic
Mini—Implant as an Indirect Anchorage
A Three—Dimensional Finite Element Analysis
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The purpose of this study was to investigate the displacement and pattern of stress distribution on periodontal ligaments
of maxillary first and second molar, and on orthodontic mini-implant (OMI) surface, according to three different insertion
angles to the bone surface of OMI using Dragon helix appliance, which is a newly introduced scissors-bite correcting
appliance.

OMI were placed between second premolar and first molar with three different insertion angles (45, 60, 90 degrees).

Displacement and maximum stress distribution area (MSDA) were analyzed by finite element analysis.
When the insertion angle to the alveolar bone surface was 90 degrees, maxillary first and second molar both exhibited
MSDA at the palatal root apex. Maxillary first molar did not show any significant displacement, while the second molar
exhibited intrusive and palatal displacement. On the OMI, as the insertion angle decreased, the MSDA shifted towards
the tip, and the amount of displacement had increased.

When the OMI was inserted at a 90 degree angle, anchor loss was minimized and scissors-bite correcting effect was

maximized.
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INTRODUCION

There have been many attempts to correct
scissors-bite, but the treatment has been difficult due
to the extruded and buccally inclined upper molar
and lingually inclined lower molar. Attachments on
the palatal surface of the upper molar and buccal
surface of the lower molar causes occlusal
interference, which makes the treatment of scissors-
bite difficult.’ In order to correct scissors-bite,
intrusion and palatal movement of the affected upper
molar should be considered. Previous studies
introduced treatment methods such as using the
upper third molar after extracting upper second
molar,z’3 using criss-cross elastics, modified
transpalatal arch,’ molar intrusion arch,5 and
precision lingual arch.” These treatment methods has
disadvantages such as requiring surgical procedure,
extrusion of affected teeth which triggers traumatic
occlusion or anterior openbite, requiring the patient’s
cooperation, and loss of anchorage.

To reduce the adverse effect during scissors-bite
correction, Dragon helix system combined with
indirect skeletal anchorage system has been
introduced recently.’ This system consists of helix

with two arms, which are about 5Smm in length,
made by .016"x.022" stainless steel wire and the
two arms set in 110 degrees (Fig 1). One arm
attaches to the buccal side of maxillary first molar,
while the other to the occlusal of second molar. This
device produces intrusive and palatal movement of
the maxillary second molar without causing any
occlusal interferences. Anchor tooth is connected to
the orthodontic mini-implant (OMI) by a rigid wire
such as .018"x.025" stainless steel. These
components serves as an indirect skeletal anchorage.

The purpose of this study was to investigate
displacement and pattern of stress distribution on
periodontal ligaments of maxillary first and second
molar, and on OMI surface, according to three
different insertion angles (45°, 60°, and 90°) of
OMI, and to determine the most effective insertion
angle, during scissors-bite correction using Dragon
helix appliance,

MATERIALS & METHODS

Scissors-bite on the second molar, which was
extruded and buccally inclined, of the upper left
quadrant model was fabricated with a typodont.

Fig. 1. Application of Dragon helix, for tipping and intruding the maxillary second molar.
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Table . Element type, Young's modulus and Poisson’s ratio of material compounds of element models.

Element type Young’s modulus (g/mmz) Poisson’s ratio
Teeth Solid 45 2E6 0.3
Periodontal ligament Solid 45 50 0.3
Alveolar bone Solid 45 2E5 0.3
Splinting wire (.018"x.025") Beam 4 2E7 0.3
Dragon helix (.016"x.025") Beam 4 1.1E7 0.3

Table 1. Elements and numbers of node.

Node numbers of OMI  Element numbers of OMI  Total node numbers Total element numbers

OMI 45° 2666 9666
OMI 60° 2734 10010
OMI 90° 2392 8571
T6
PDL of T6
T7
PDL of T7

88454 408877

88297 408535

87476 404560
6494 28196
4616 4540
4722 20195
3288 3255

* PDL : periodontal ligament, OMI : orthodontic mini implant, T6 : maxillary first molar, T7 : maxillary second

molar

After three-dimensional (3D) scanning, 3D CAD
(Computer Aided Design) data was acquired by
CATIA V5 (Computer Aided Three Dimensional
Interactive ~ Application Version 5) (Dassault
Systmes, S.A., France) program. Using Hyper-Mesh
8.0 (Altair Corp. Michigan. USA) periodontal
ligaments (PDL) were made from root surfaces.
Young’s moduli and Poisson’s ratio values of
alveolar bone, PDL, connecting wire, and Dragon
Helix were given as they were assumed as an
isotropic homogeneous linear elastic model (Table
1). Table II shows the elements and numbers of

nodes.
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Finite element model of the OMI, which was
9mm in length with 5.7mm spiral part, 0.6mm pitch,
and 5.7 degree of taper angle, was also made by
CATIA V5.

Dragon helix was shaped into a spring of 2mm
in diameter with 11 turns made by .016"x.022"
stainless steel wire, which was placed at the crown
of the maxillary first and second molar. Activation
of the Dragon Helix was simulated by fixing one
arm to the overcorrected second molar using
Constraint ~ Equation  of Ansys® (ANSYS,
Canonsburg, USA).

For indirect anchorage, the OMI and first molar
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were connected with .018”x.025" stainless steel
wire, First and second molar were than connected by
Dragon helix. The OMI was inserted between
maxillary second premolar and first molar. The OMI
was inserted in an angle of 45°, 60°, and 90° to the
alveolar bone surface in group 1, 2, and 3,
respectively. Stress distribution and displacement of
the periodontal ligament of maxillary first and
second molar and the surface of OMI were analyzed
by finite element analysis with Ansys® version 11
and HP workstation XW 6400 (Zeon 1.6Ghz *2
CPU, Ram 4G)

Von Mises stress of the OMI and maxillary first
and second molar were reported to evaluate the
stress distribution of the objects. In the displacement
graph, axis of the OMI (from center of the head to
screw end tip) and upper maxillary first and second
molar (from palatal cusp tip to palatal root apex)
were used to observe the amount and pattern of
displacements of the objects.

RESULTS

1. Maximum stress distribution area
(MSDA)

Stress distribution shown on the PDL of the
macxillary first molar is shown on Fig 2. The color
changes from blue to red indicates stress increase.
The MSDA was on the buccal apex in group 1 and
2, whereas on the palatal apex in group 3 of the
maxillary first molar. MSDA of the maxillary second
molar was also on the palatal root apex in group 3
(Fig 3), which indicated intrusive movement.
Minimal stress distribution area of the maxillary
second molar was on the root apex in group 1 and
2, while on the middle of the buccal root in group
3 (Fig 3). This indicated that controlled tipping was
shown in group 1 and 2, whereas uncontrolled
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tipping was shown in group 3. MSDA was on the
head of OMI in group 3, but it shifted towards the
tip from group 2 to group 1 (Fig 4). This implied
that greater displacement could be detected as the
insertion angle of OMI decreased from 90° to 45°.

2. Displacement

The maxillary first molar crown showed distal
tilting in group 1 and 2, with the center of rotation
on the furcation area, while only distal movement of
the root was detected in group 3. (Fig 5 and 6) From
mesial view, the maxillary first molar showed buccal
controlled tipping in group 1 and 2, while minor
buccal translation was shown in group 3. (Fig 6)
In group 1 and 2, the maxillary second molar had
expressed controlled tipping displacement, with the
center of rotation at the palatal root apex.
Uncontrolled tipping movement of the maxillary
second molar was shown in group 3 with the center
of rotation at the furcation area (Fig 7). From mesial
view, the second molar had the greatest amount of
palatal displacement in group 3 (Fig 8). In group 1
and 2, there were almost no root displacement in the
second molar, while the root had buccal and
intrusive displacement in group 3 (Fig 8).

In the 500 and 1000 times magnified figure and
graph, (Fig 9 and 10) minor displacement of the
head of the OMI was expressed on coronal area in
group 1 and 2, and on apical area in group 3. The
displacement of OMI was the least in group 3.

DISCUSSION

OMI has provided several advantages in the
treatment of scissors-bite, such as preventing loss of
anchorage, traumatic occlusion and anterior openbite
caused by unexpected extrusion of the affected
tooth." The anchor can be controlled by either
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Fig. 2. Stress distribution of the periodontal ligament of the maxillary first
molar, according to the insertion angle of OMI. As the force
increases the color changes from blue to red.
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Fig. 3. Stress distribution of the periodontal ligament of the maxillary
second molar, according to the insertion angle of OMI. As the force
increases the color changes from blue to red.

Us=ES=EH| 274 35, 2011 297



Min+i Kim, Yong-Jin Park, Sun-Hyung Park, Youn-Sic Chun

R | WY R N

Palatal Buccal Mesial Distal Occlu Root
view view view view =sal apex
view view

45"
60
s
& MAX
Fig. 4. Stress distribution of OMI, according to the placement angle. As the
force increases the color changes from blue to red.
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Fig. 5. Displacement of the maxillary first molar, according to the insertion

angle of OMI.
application on the tooth.

White color is before, and blue is after force
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Fig. 6. Graph for displacement of the maxillary first molar in palatal, mesial, and apical view (from
palatal cusp tip to palatal root apex, 50 times magnified). Larger X, Y, and Z value
indicates mesial, buccal, and apical movements, respectively.
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45’

SCALE FACTOR x3

Fig. 7. Displacement of the maxillary second molar, according to the
insertion angle of OMI. As the force increases the color changes
from blue to red.
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Fig. 8. Graph for displacement of the maxillary second molar (from palatal cusp tip to palatal root
apex, 50 times magnified). Larger X, Y, and Z value indicates mesial, buccal, and apical

movements, respectively.
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Fig. 9. Displacement of the OMI (500 times magnified). White color is
before, and blue is after force application on the OMI.
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Fig. 10. Graph for displacement of OMI from center of the head to screw end tip (1000 times
magnified). Larger X, Y, and Z value indicates mesial, buccal, and apical movements,

respectively.

direct”"" or indirect method. "> When orthodontic

force is loaded to the OMI directly, it is called
direct anchorage. It has disadvantages such as
difficulties in controlling torque and rotation,
requiring additional OMI, and placement difficulties
due to the limitation of anatomical structures. Due
to such disadvantages in direct anchorage system of
OMI, indirect anchor system was introduced."
Many previous studies were done regarding the
stability of OMIL""
recommended insertion angle of the OMI to prevent

and there were some
root damage and to increase surface contact.'”" The
recommended insertion angles of OMI in the
30-40

and such angulated insertions were

maxillary molar area were between
degrees,l&19
found to have no significant influences on clinical
success rate.”’ Previous study considering the
position of OMI in correcting scissors-bite of the

maxillary molar had been done but had not

FUI=SEUSAl 27A 33, 2011

considered the insertion angle of the OML 2

In this study, insertion angle of 90 degrees showed
the most favorable stress distribution aspect and least
displacement to the maxillary first molar, which was
the anchor tooth. MSDA of the maxillary second
molar was on the palatal root apex when the
insertion angle of OMI was 90 degrees, MSDA
indicating efficient intrusion. Also, palatal crown
displacement was greatest when the OMI was
inserted at an angle of 90 degrees. As the insertion
angle of OMI decreased, the MSDA shifted
gradually towards the tip and the amount of
displacement had increased. However, since the
amount of displacement was interpreted with the
graphs magnified by 500 and 1000 times, the actual
differences are expected to be minute in clinical
practice.

Methods of measuring stress distribution includes
photoelastic analysis,22 strain gauge analysis, laser
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holography analysis, and finite element analysis.

Finite element analysis can interpret stress
distribution and initial displacement by fabricating a
three dimensional model on the computer and
produce quantitative graphical results.”>> However,
finite element analysis has its own limitation due to
difficulties in simulating anatomical and biological
characteristics of individuals. Finite element analysis
calculates only the difference of initial loading
moment and this does not include long term
reaction.”” Therefore the results can differ from the
which is
influenced by masticatory

actual oral environment, constantly

force, anatomical
structure, and other biological features. Such long
term reaction, including influences of other oral

environments requires further studies.
CONCLUSION

Three dimensional finite element analysis of
Dragon helix combined with indirect anchorage has
exhibited more efficient anchorage and scissors-bite
correcting movement of the affected molar when the
OMI was placed at an angle of 90 degrees.
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