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Evaluation of Orthodontic Mini-implant-anchored en masse
Retraction of Maxillary Anterior Teeth with Reduced Bone
Support: A Prospective Finite Element Analysis Study

Sonal Sahasrabudhe?, Sunil Kumar M?, Iram S Khan?, Sindhu Naik*, Ashok Kumar®

ABSTRACT

Aim: The purpose of this study was to evaluate force systems to bring about the en masse retraction of maxillary anterior teeth having reduced
bone levels using finite element analysis.

Materials and methods: This is a prospective study. Three-dimensional finite element models of maxillary dentition having normal alveolar
bone level and 2, 4, and 6 mm bone loss with first premolar extraction were constructed from a spiral CT scan of a skull. Archwire and brackets
were modeled on the facial surfaces of teeth. Retraction force of 175 gm was applied from an orthodontic mini-implant placed bilaterally
between the second premolar and first molar and 12 mm above plane of the archwire to anterior retraction hook (ARH) fixed at two heights
of 6 and 10 mm above the archwire.

Results: Maximum displacement and periodontal ligament (PDL) stress were calculated for different combinations of bone levels and ARH.
As the bone loss increased, the tipping tendency, amount of intrusion, and maximum von Mises stress in PDL also increased, showing a direct
correlation.

Conclusion: To minimize tipping and PDL stress, the height of ARH should be increased in alveolar bone loss conditions to allow retraction force
to pass through or even above the center of resistance of anterior teeth. Even then, pure bodily retraction may not be achieved, but tipping
tendency can be reduced. Nevertheless, it may not be suitable to increase ARH beyond a limit owing to chances of irritation to the vestibular
mucosa. Alternative methods should be contemplated to reduce the tipping behavior.

Clinical significance: The alternative is to apply a lighter retraction force to reduce lingual tipping. A higher counter-moment in the archwire

or bracket can also be incorporated.
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INTRODUCTION

In contemporary orthodontic practice, clinicians are witnessing
an upsurge in the number of adult patients with proclined
maxillary anterior teeth complicated by alveolar bone loss.
In patients with active periodontal disease, orthodontic treatment
is contraindicated because it may accelerate tissue breakdown.
However, it is clearly indicated in cases where the disease is well
under control, even in presence of bone loss and gingival recession.
Itis also believed that with the orthodontic treatment, the patient
may not experience additional loss of bone support.’?

A common sequel of periodontal disease is alveolar bone loss
which in the long term, increases masticatory load on the anterior
teeth leading to their migration, extrusion and further protrusion.’
A common treatment approach for such patients with periodontal
compromise s first premolar extraction with space closure requiring
maximum anchorage mechanics. The use of orthodontic mini-
implant (OMI) for reinforcement of anchorage has been on therise
in recent years, especially for space closure in sliding mechanics.
Position of OMl is preferred in apical portion, between the second
premolar and first molar or first and second molar roots to direct
the force vector toward the center of resistance (CoR) of teeth for
effective retraction.

The balance between the location of the CoR and the effects of
varying level of retraction force on the anterior segment is known
to produce desired moment to force ratio (M/F) for controlled
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tooth movement.* Also periodontally compromised malocclusion
with bone loss poses a greater challenge to the orthodontist as the
alveolar bone loss results in the shift of CoR apically increasing the
moment generated by the same force. In order to achieve controlled
retraction of anterior teeth in such cases, certain modifications in
the force systems are necessary.’

Orthodontic mechanics by and large is extrusive in nature.
A key in the treatment of periodontally compromised teeth
is to prevent their further extrusion or achieve true intrusion.
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Good control is required not only in the anteroposterior
direction (during retraction) but also in the vertical direction.
Mini-implants are a good choice for intruding teeth because
they make it possible to apply light continuous forces of known
magnitudes without producing any reactionary reciprocal
side effect on posterior teeth, which could help reduce
potential apical root resorption often associated with intrusive
movements.® This can be beneficial especially in the orthodontic
treatment of teeth with periodontal bone loss. However, the
use of OMI to achieve effective en masse retraction of incisors
in periodontally compromised patients has not been addressed
adequately in the literature.

The aim of this study was to evaluate the force systems which
bring about retraction and intrusion of anterior maxillary dentition
with normal marginal bone level and with varying alveolar bone
loss conditions using OMI.

MATERIALS AND METHODS

Generation of 3D Finite Element Model

This is a prospective study. A spiral CT scan (X-force/SH spiral CT
scan machine) of a skull was used as a basis. The CT images with
a slice thickness of 0.25 mm were extracted as digital imaging
and communication in medicine data and exported to 3D image
processing software (Mimics 10.02, Materialize Software, Leuven,
Belgium) and only the region of interest of the study (maxilla) was
selected. Once the surface model was obtained, it was exported
to finite element modeling tool HYPERMESH version 10.0 (Altair
Engineering, Milwaukee, Wisconsin).

Models of the maxillary dentition with bilateral first premolar
extractions with normal alveolar bone level and with 2, 4, and
6 mm marginal bone loss in the anterior region (from distal surfaces
of canine to canine) were simulated and converted into a finite
element model.

The periodontal ligament (PDL) was constructed with uniform
thickness of 0.25 mm. The alveolar bone crest was simulated
to follow the curve of the cementoenamel junction (CEJ) in the
model with no bone loss. On the contrary, the alveolar bone crest
was constructed 2, 4, and 6 mm apically from canine to canine
(from the distal surface of canine) in the bone loss models still

following the curvature of CEJ. All the models of the maxilla
were fixed in all directions and discretized in x, y, and z axes.
The x axis was fixed in the mediolateral direction, the y axis was
fixed in the anteroposterior direction, and the z axis was fixed in
the superoinferior (vertical) direction (Fig. 1).

Assigning Material Properties

The material properties assigned were the Young’s modulus
(modulus of elasticity) and the Poisson’s ratio (Table 1). The bone
elementand PDL were assumed to be isotropicand homogeneous.
The archwire was modeled by beam four elements with a
cross-section of 0.019 x 0.025 inch stainless steel wire with anterior
retraction hook (ARH) of 0.05 inch stainless steel wire fixed between
lateral incisor and canine. Brackets with 0.022 x 0.028 inch slot were
modeled. A titanium mini-implant of 1.6 mm diameter and 8 mm
length was placed midway mesiodistally between the maxillary
second premolar and first molar roots, in the alveolar bone, 12 mm
above the plane of the archwire. Two heights of ARH, i.e., 6 and
10 mm were selected on the archwire between lateral incisor
and canine. The placement of an ARH between the lateral incisor
and canine enables the orthodontist to gain better control of the
anterior teeth in sliding mechanics.’

Execution of Analysis

The boundary conditions were defined for all models. The nodes
attached to the area of the outer surface of the bone were fixed
in all directions to avoid free movement of the tooth. Free axial
rotation movement of the archwire in the brackets was allowed,
while friction between the archwire and brackets along the axial
direction was not taken into consideration. Using ANSYS software
version 12.1 (ANSYS Inc., Canonsburg, Pennsylvania, USA), analysis
was carried out. A retraction force of 175 gm was applied on the
ARH bilaterally from the mini-implants. The angle of displacement
of central incisor, lateral incisor, and canine, the amount of intrusion
of crown and root tip for each tooth in all the groups and von Mises
stress in PDL were recorded, studied on mesh graphs, and were
represented on the color band. The red color in the scale showed
the maximum von Mises stress with the blue color indicated the
minimum stress. The force magnitude was also resolved in all the
three axes (Table 2).

Figs 1A and B: FEA models of maxillary dentition with OMI placed at 12 mm with variable ARH. (A) Group 1A, no bone loss, ARH 6 mm; (B) Group
4H, 6 mm bone loss, ARH 10 mm. "Purple line represents archwire, blue vertical line between lateral incisor and canine represents ARH, and red

line represents line of force application
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Table 1: Material properties

Table 3: Groups in the study

Material Young’s modulus Poison’s ratio Bone level Group Subgroup  ARH height (in mm)
Teeth 2E6 0.3 A 6
Normal 1
PDL 5.0 0.3 B 10
Alveolar bone 2E5 0.3 C 6
. 2 mm bone loss 2
Stainless steel 2E7 0.3 D 10
Titanium 110E3" 0.3 E 6
PR - — - 4 mm bone loss 3
E, times 10 raised to the power, as (scientific) E notation F 10
G 6
6 mm bone loss 4
H 10

Table 2: Components of 175 gm retraction force

Force (gm) ARH 6 mm ARH 10 mm
F, 89.8 91

Fy 1473 1494

F, 294 25
F,/F, (%) 19.96 16.7

*FX is the amount of force in the direction of x axis (transverse) of the FE
model;

Fyis the amount of force in the direction of y axis (anteroposterior) of the
FE model;

F, is the amount of force in the direction of z axis (vertical) of the FE model;
and F,/F, is the ratio of F,and F,

REesuLTs

The results obtained from the finite element analysis (FEA) were
divided into four groups depending on the amount of bone
loss constructed in the models, and each group was further
categorized into two subgroups of 6 and 10 mm ARH heights
(Table 3). Comparisons were made among the subgroups within
a group (intragroup comparison), between different groups
(intergroup comparison), and also between two ARH conditions
in the study.

When the retraction force was applied to the six maxillary
anterior teeth with miniscrews and retraction hooks in different
positions, the central incisor, lateral incisor, and canine showed
intrusion accompanied by lingual tipping movement (Fig. 2). The
degree of tipping varied depending on the locations of the hooks
and the degree of alveolar bone loss because of changes in the
relative force magnitude and direction.® Within each group the
tipping angle, the amount of intrusion and the von Mises stress
in PDL were higher for 6 mm ARH subgroups than for 10 mm
ARH subgroups. This pattern was consistent for all the bone level
groups. Lingual tipping of all anterior teeth occurred with maximum
displacement at the lateral incisor crown level. Within each
subgroup, tipping was the maximum for the canine followed by
lateral incisor and was least in the central incisor. The tipping angle,
theamount of intrusion, and von Mises stresses showed a tendency
toincrease with anincrease in the alveolar bone loss (Table 4(l), (1),
and (Il), Figs 4 to 6). Maximum stress value was observed on the
labiocervical third of the lateral incisor root area in groups 1, 2, and
3 and was seen on mesiocervical root of lateral incisor in group 4.
Stress distribution was almost even in other areas. The least stress
value was observed on central incisor roots (Fig. 3).

In all the four models with varying bone levels and 6 mm ARH
condition (groups 1A, 2C, 3E, and 4G), there was an increase in the
tipping angle gradually with an increase in bone loss (Table 4(l),
Fig. 4), with minimum in group 1A and maximum in group 4G. The
intrusion values increased in a similar pattern, increasing though
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slightly, from group 1A to 4G successively (Table 4(Il)). Maximum
von Mises stresses in PDL showed a similar direct relation with the
amount of bone loss (Table 4(lll), Fig. 6).

In all the four models with varying bone levels with 10 mm
ARH condition (1B, 2D, 3F, and 4H), an increase in the tipping angle
gradually from group 1B to 4H was noted (Table 4(l), Fig. 5).

The intrusion values showed a similar pattern, increasing
though slightly, from group 1B to 4H successively (Table 4(ll)).
The stress value was least for group 1A increasing through group
2C and 3E reaching the maximum in group 4G (Table 4(lll), Fig. 6).

Discussion

As the CoR of a tooth or group of teeth shifted apically with loss
of alveolar bone, the tipping angle increased gradually with an
increase in bone loss. This can be attributed to the increase in the
moment arm and subsequent increase in the moment generated
by the retraction force. This finding was in accordance with previous
studies.>>'% Also because the retraction force was expected to pass
below the CoR of the anterior dentition, the moment generated
was clockwise.

The increase in amount of intrusion with increased bone loss
can be attributed to fact that the retraction force used in all the
groups was the same, whereas the PDL area on which it was applied
decreased with bone loss resulting in more force applied per unit
area of PDL in bone loss groups.

As the amount of alveolar bone support reduced, there was
an increase in the amount of von Mises stress generated in the
PDL. This finding was in congruence with previously conducted
FEA studies." ™™

Similarly, to the above case, the lingual tipping of the anterior
teeth increased with increase in bone loss in 10 mm ARH models.
The shift of CoR of a tooth or group of teeth apically with loss of
alveolar bone resulted in an increase of the tipping angle due to
an increase in the moment arm. In these models, the resultant
force was expected to pass at least through or above the CoR
of the anterior dentition; and the moment generated due to
retraction force was expected to be counterclockwise. But the
labial tipping of the anterior teeth beyond their original long
axes was not seen.

As with 6 mm ARH condition, with 10 mm ARH situation, there
was a definite increase in the amount of intrusion of anterior teeth
with increasing bone loss. The reason for the same is mentioned
before.

The von Mises stresses in PDL observed in these four groups
showed a similar direct relation, i.e., an increase in stress value
with the increase in the amount of bone loss. It can be concluded
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Figs 2A and B: Displacement contours of anterior teeth depicting their lingual tipping (I) and intrusion (Il) in models with normal bone level
(Groups 1A and 1B) and variable ARH. () angle of tip for each anterior tooth, (Il) amount of intrusion measured along the z axis. The pink mesh
diagram indicates the original tooth position while the multicolored diagram indicates the final tooth position. The red two-way arrow in each
central incisor diagram shows the tipping angle. The dotted black lines indicate the original and final axes of the tooth
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Fig. 3: Diagram showing color bands depicting von Mises stress levels in PDL of 6 mm bone loss models (Groups 4G and 4H) with variable ARH.
“Red color indicates maximum stress whereas dark blue indicates minimum stress

from the above data, that as the amount of alveolar bone support
reduced, there was increase in the amount of stress generated in
the PDL.

Difference was observed in the tooth movement with different
ARH heights (6 and 10 mm) and the von Mises stresses generated
inthe PDL. For the same amount of bone loss in all the four groups,
the amount of clockwise (lingual) tipping was more with 6 mm ARH
than with 10 mm ARH. A finite element study by Sung et al. showed
similar results where; as the height of the ARH increased, the lingual
tipping of incisors reduced.”

Also, the amount of intrusion was more in the models with 6 mm
than with 10 mm ARH (Table 4(11)). Congruent results were found
in the study by Sung et al., in which, when the ARH increased, the
amount of intrusion decreased gradually.”” The vertical component
of the retraction force was slightly more with 6 mm than 10 mm
ARH (Table 2) which justified more intrusive force for 6 mm ARH
models compared to 10 mm ARH models, and this held true for
all the groups.

The stresses generated in PDL decreased with 10 mm
ARH compared to 6 mm ARH conditions in all four groups
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Table 4: Comparison of (I) tipping angle, (Il) amount of intrusion, and (lll) maximum von Mises stress in PDL in all groups

6 mm ARH 10 mm ARH
Bone loss (mm) cl Ll CN cl Ll CN
() Tipping angle in degree (°)
0 23 3.1 4.2 1.8 2.5 3.6
2 3.1 4.5 5.6 2.5 3.9 4.8
4 4.6 5.9 7.1 38 5.1 6.3
6 6.2 7.5 8.6 5.4 6.3 7.5
"Tipping angle measured as the angle formed between long axes of original and final tooth positions along the y axis;
Cl, central incisor;
LI, lateral incisor;
CN, canine
(I) Intrusion in mm along z axis
0 Crown 0.100 0.208 0.078 0.097 0.165 0.036
Root 0.239 0.269 0.254 0.174 0.244 0.190
Crown 0.071 0.184 0.143 0.100 0.163 0.067
2 Root 0.275 0.315 0.296 0.184 0.267 0.208
Crown —-0.021 0.187 -0.159 0.128 0.205 —0.095
4 Root 0.318 0.376 0.320 0.211 0314 0.226
6 Crown 0.005 0.218 —-0.064 0.204 0.263 —0.072
Root 0.349 0.411 0.386 0.245 0.395 0.295
"Values with —sign indicate extrusion while values with no prefix sign are considered positive and for intrusion
(Il Maximum von Mises stress in PDL
Cervical 0.157 1.031 1.031 0.118 0.692 0.431
0 Middle 0.703 0.812 0.594 0.597 0.788 0.501
Apical 0.266 0.157 0.266 0.214 0.118 0.214
Cervical 0.778 1.359 1.069 0.431 0914 0.721
2 Middle 1.069 0.923 0.633 0.624 0.817 0.624
Apical 0.342 0.488 0.342 0.238 0.238 0.238
Cervical 1.013 1.599 1.004 0.705 1.221 1.393
4 Middle 1.004 1.400 1.211 1.189 1.393 1.189
Apical 0.409 0.608 0.409 0.276 0.472 0.276
Cervical 1.556 2.271 2.033 1.278 1.852 1.661
6 Middle 1.080 1.794 1318 1.469 1.661 1.469
Apical 0.604 0.842 0.604 0.321 0.704 0.513

"Values for maximum von Mises stresses in MPa on PDL
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Fig. 4: Tipping angle variation for 6 mm ARH Fig. 5: Tipping angle variation for 10 mm ARH
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(Table 4(lll), Fig. 6). This finding was in agreement with another
study done by Ammar et al. which showed a reduction of PDL stress
magnitudes with increasing hook length. This can be attributable
to the shorter moment or the power arm from the tooth’s center
of rotation to the point of force application, resulting in lower
bending stress.'®

Orthodontic treatment of periodontally compromised adults
having procumbent incisors with alveolar bone loss has been a
clinical challenge that demands premolar extraction and space
closure requiring good anchorage control. During retraction using
sliding mechanics, heights of retraction forces can be manipulated
by soldering different lengths of retraction hooks to the archwire.
Therefore, the force system for the desired tooth movement can
be simply applied.” Nonetheless, clinicians tend to simply guess
the height. This is because the guidelines for optimum mechanical
parameters for the control of the anterior teeth in space closure
with sliding mechanics are not yet established.'®

Mini-implant-anchored sliding mechanics provides better
anchorage control for bodily retraction of maxillary anteriors at
times with slight intrusion by making the force pass near the CoR.
The vertical positioning of OMI dictates the force direction so that
the retraction of the anterior teeth can be controlled. The second
factor influencing the force direction is the vertical position of
the ARH. Use of short ARH increases the vertical component and
decreases the horizontal component of the force and vice versa.
When bodily movement is required, the retraction force should
be applied as apical as possible using high ARH, making the force
vector pass as close to CoR as possible.'

Finite element method is a powerful computer simulation tool
for solving complex stress-strain problems and offering accurate
modeling of teeth and surrounding structures with complicated
geometry. It is very useful to analyze orthodontic forces, initial
reaction of teeth, PDL and alveolar bone to orthodontic forces, the
stress-strain and displacement qualitatively and quantitatively.””

It can be concluded from the results of this study that the best
combination of the OMI height and the ARH height to bring about
near bodily tooth movement was 12 and 10 mm, respectively, in
all the groups with varying bone loss. Even then, a pure bodily
retraction of anterior teeth could not be achieved but the tipping
tendency was reduced. On the contrary, more intrusion could
be achieved using 12 mm OMI height and 6 mm ARH height in
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all the groups. Forces applied coronal to the CoR resulted in the
generation of the clockwise moment, causing lingual tipping of
anterior teeth.

In a case series done by Park and Kwon, it was concluded that
for bodily retraction of the anterior teeth with a slight intrusion, the
ideal position of the OMI was 8 to 10 mm apical to the bracket slot
with the ARH 5 to 6 mm apical to the bracket slot. With this assembly,
the force would pass just under the CoR and induce nearly bodily
retraction with only slight lingual tipping and intrusion.””

The present study, however, measured only the initial
displacement and the stresses generated immediately after force
application. As the teeth move, a counter-moment would be
generated in the bracket slot, thus when forces act for a longer
period of time; different results may be obtained clinically. Also, PDL
and alveolar bone were assumed to be isotropic and homogene
ous to simplify the interpretation of the study. The results of
this study were based on a single CT scan model and cannot be
extrapolated in all clinical situations as such, because the pattern
of bone loss may vary in different individuals. Nevertheless, the
study provides a brief perspective of the effect of bone loss on
mini-implant-anchored en- masse retraction.

CoNcLUSION

In order to minimize the tipping and the stress in the PDL, the
height of ARH should be increased even furtherin alveolar bone loss
conditions to allow retraction force to pass through or even further
above the CoR of anterior teeth, though this may not be clinically
suitable due to chances of irritation to the vestibular mucosa.

CLINICAL SIGNIFICANCE

An alternative is to apply a lighter retraction force to reduce the
lingual tipping moment. A higher counter-moment in the archwire
orinthe bracket can also be incorporated which poses more strain
on the anchorage unit. But with the advent of mini-implant, direct
or indirect anchorage can be obtained without affecting the
posterior teeth.
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