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Abstract:

A 3-dimensional finite element approach to predict the rate of rapid
canine retraction by dentoalveolar distraction

Abstract

Objective: To determine the rate of space closure by finite element
method during rapid canine retraction using dentoalveolar distrac-
tion and to correlate its findings to the rate of canine retraction in a
clinical scenario.

Materials and Methods: Treatment records (CT scan, intraoral pho-
tographs) of the patient undergoing rapid canine retraction using
distraction protocol were obtained for the purpose of creating finite
element models upon which forces of 250 grams were applied to
simulate the retraction procedure.

Results: Finite element analysis for space closure upon first simula-
tion happens at the rate of 0.85 mm per day with 0.8 mm activation
of the distractor device two times a day.

Conclusion: The gap closure on day 1 was observed to be 0.85 mm,
hence on a linear assumption and scale, it takes 9 days for complete
closure of extraction space measuring 7mm.

Keywords: Retraction rate, Rapid canine retraction, Finite Element
Method.
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Introduction

Orthodontic space closure poses a great deal of challenge and re-
quires a thorough understanding of biomechanics in order to avoid
undesirable outcomes of space closure such as anchor loss and fail-
ure in achieving ideal occlusion.1 One of the basic principles upon
which the anchorage property relies is by allowing the tipping of
the active unit and discouraging movement of the anchor unit.2
Binding of friction and effect of swing are the major problems asso-
ciated with retraction using frictional or sliding mechanics which
we can overcome by incorporating frictionless mechanics with the
technique of rapid canine retraction via distraction of the dentoal-
veolar components.3

Orthodontic treatment procedure necessitates a period of 1-2 years
on an average for its completion, thus accelerating the duration of
orthodontic treatment would be beneficial for achieving the desired
results in a shorter period of time. Extraction of first premolars fol-
lowed by distal movement of canine is of prime requirement for
any patient depicting moderate to severe crowding.4

Distraction osteogenesis procedure by the virtue of its implication
makes use of the property of growing a new bone by mechanically
stretching the already established bone tissue by producing a resul-
tant new bone at the site of osteotomy. The rate at which osteogene-
sis takes place on a regular basis in a conventional type of canine
retraction is observed to be around 1 mm per month which is com-
paratively slower than that achieved by the process of distraction
osteogenesis i.e, | mm per day.5

Force magnitude to produce an optimum orthodontic tooth move-
ment is attributed to the fact that it has be optimum enough to accen-
tuate orthodontic tooth movement without occluding the blood ves-
sels of the periodontal ligament in order to avoid formation of ne-
crotic avascular areas causing delay in tooth movement.6 Finite ele-
ment analysis (FEA), when simulating an intraoral rigid custom
made distraction device which upon its activation of 0.5 mm has
been seen to produce a reactionary force level of about 2.14
newtons.7 Distal displacement of a canine during the process of
rapid canine retraction by distraction technique is a combination of
tipping and bodily movement.8 Based upon the principles of opti-
mum orthodontic tooth movement for retracting a canine com-
pletely, 60 grams of force is suitable to produce a distal movement
of canine by tipping, whereas a force level in the range of 210
grams and 365 grams are appropriate for producing bodily move-
ment and crown movement respectively.9

Finite element method (FEM) is an area of research that is believed
to be an ideal method for accurate reproduction of the tooth perio-
dontal complex and produces a precise 3 dimensional structure of
the areas of interest. Finite element technique is a useful tool to
study the displacements of tooth and plays an important role in
simulating the response when applied at any point and in any
direction.10 Finite element method (FEM) enables an orthodontist
to understand the physiological reactions taking place in the dentoal-
veolar complex by providing quantitative data that can be useful in
predicting the rate and amount of tissue reactions taking place in
the actual biological system.6

The purpose of this study was to analysis the rate of rapid canine
retraction by the application of finite element method (FEM) and its

relevance to the clinical rate of rapid canine retraction by correlat-
ing it with the findings from the clinical perspective in the current
literature as there are no evidence available in the literature for its
comparison with the finite element method.

Material and Methods

Treatment records consisting of clinical intraoral photographs and
CT scan of a patient aged 18 years, seeking treatment at J.S.S Den-
tal College and Hospital, Mysuru (India) were obtained. The patient
presented with severe crowding having diagnosed with class 1 mal-
occlusion, class 1 jaw basis with average growth pattern and was
planned to undergo fixed orthodontic mechanotherapy involving
extraction of all first premolars, treated with rapid canine retraction
using dentoalveolar distraction protocol.

A custom made rigid, tooth borne intraoral device was designed for
dentoalveolar distraction and rapid tooth movement applying 250
grams of force. The device is made up of stainless steel and has a
distraction screw and two guidance bars. The device screw was
turned clockwise two times in a day (morning and evening) for 10
days with a special apparatus in order to move the canine distally.
The rate of activation was calculated to be 0.8 mm by twice activa-
tion. Clinical photographs and CT scan of the patient was taken dur-
ing interdental grooving of bone in order to remove the bone in the
path of dentoalveolar distraction to facilitate obstruction free canine
retraction, after the placement of the appliance, before the start of
distraction and immediately after the extraction space closure (Fig-
ure 1 and 2).

Fig 1: Clinical photographs showing interseptal grooving of bone after the placement of

the appliance prior to distraction and after procedure of distraction.
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Lateral view Occlusal view)

Placement of distraction device after interdental grooving at chair side before retraction

Lateral view Occlusal view)

Completion of rapid canine retraction




Fig 2: Pre-treatment and post-treatment CT scans of the patient.

Pretreatment — Lateral view Pretreatment — Occlusal view

Posttreatment — Lateral view Posttreatment - Occlusal view

Using the CT scans and clinical photographs of the patient finite
element models were created (figure 1 and 2). The study was done
using a three dimensional finite element analysis, Ansys 12.1, hyper
mesh 13.0 software used for converting geometric model into finite
element model. The CT scan of a skull (figure 3) was considered
and only the region of interest of the study (maxilla) is extracted
and converted the dicom data into geometric models using reverse
engineering technique. Mimics software was used to process the

Fig 3: CT scan of the skull in anatomical view with

distraction device in place.

CT scan data. The brackets, mechanism device were modeled using
reverse engineering method which includes scanning the models,
measuring the length, diameter and other features using standard
measuring instruments and scanning machines. Geometric models
of the maxilla including the teeth, PDL and bone were then im-
ported into the meshing software "hyper mesh". In hyper mesh the
individual parts like soft bone, hard bone, teeth, PDL, brackets,
wire, mechanism device are then discretized (meshing) and assem-
bled (figure 4).

Fig 4: Finite element model for rapid canine retraction by dentoalveolar distraction.

Anterior view

Interdental grooving seen from occlusal Interdental grooving seen from

view transparent view

Rear view Top view

The material properties, loads and boundary conditions was as-
signed to the FEM-model (table 1).

Table 1: Material properties

Materials Young’s Modulus (N/mm?) Poisson’s Ratio
Teeth 2.60E+04 0.30
PDL 6.80E-01 0.49
Bone 1.40E+04 0.30
Bracket 2.14E+05 0.30
Steel 2.00E+05 0.31
SS303 1.93E5 0.3




Results

According to the results of this study, the finite element analysis
(FEA) with simulating or retracting force of 250 grams showed dis-
placement contours in the areas of interest in the X,Y and Z direc-
tions (figure 5 and table 2).

X — Direction: Displacement contour in X — direction by rapid ca-
nine retraction procedure with application of 250 grams of force
was found to be 0.32 mm with maximum movement observed to
have taken place at the canine region and observed to have moved
distally and palatally inside.

Y — Direction: Displacement contour in Y — direction by rapid ca-
nine retraction procedure with application of 250 grams of force
was found to be 0.85 mm with maximum movement observed to
have taken place at the canine region and observed to have moved
distally.

Z — Direction: Displacement contour in Z — direction by rapid ca-
nine retraction procedure with application of 250 grams of force
was found to be 0.35 mm with maximum movement observed to
have taken place at the canine region and the whole anterior seg-
ment along with the canine was observed to have undergone extru-
sion.

Rate of complete canine retraction with rapid retractile force of 250
grams was calculated using the movements observed in the Y- direc-
tion (0.85 mm) as it was assumed that the canine moves distally
onto the pathway of extraction space closure completely.

As the gap closure on day 1 was observed to be 0.85 mm, so on a
linear scale and assumption, it takes 9 days for complete closure of
extraction space of 7 mm. In practical sense the material properties
of teeth, PDL and bone are not homogenous and isotropic therefore
an assumption was made for these materials to be isotropic and ho-
mogenous for the finite element analysis study. With this process
the initial behavior of any structure under study can be determined.

Table 2: Displacement contours in X, Y and Z directions in rapid canine retraction with

250gm of force

Direction Movement (mm) Tvpe of movement

X direction 0.32 {mm) Distal and Palatal

Y direction 0.85 (mm) Distal

Z direction 0.35 (mm) Extrusion in anteriors teeth
Discussion

Application of orthodontic force leads to areas of resorption in bone
at the side of pressure and areas of deposition at the side of tension
which ultimately depends upon the duration and magnitude of the
forces applied along with the configuration of the root in terms of
its shapes and sizes, response given by the patient and commonly
the bone quality.11

The rate at which tooth movement occurs biologically is observed
to be in the range of 1 to 1.5 mm in a clinical situation that takes
place within a time span of 4-5 weeks under optimum levels of or-
thodontic force.12 Therefore, cases requiring extraction of first pre-

molars involving distalization procedures were seen to be com-
pleted within a time period of 6-9 months on an average resulting in
1-2 years of orthodontic treatment for its completion.

In the process of rapid canine retraction with a rigid intraoral cus-
tom made device an attempt was made to achieve a uniform bodily
movement, however the actual movement of canine by rapid retrac-
tion method is a combined result of tipping and translatory
movements.13 Rate of canine retraction by rapid method is attrib-
uted to the fact of eliminating the prime hindrance to orthodontic
tooth movement in the form of interseptal bone and cancellous
bone prior to retraction by surgically undermining of the interseptal
bone.

According to the results of the finite element analysis for the rate of
canine retraction by dentoalveolar distraction method in our study
the rate at which the canine displacement took place was 0.85 mm
upon initial application of 250 grams of force. Hence, on linear as-
sumption and scale, it takes a total duration of 10 days for the com-
plete closure of extraction space by rapid method and 9 days for the
complete closure of extraction space by finite element application
which was in similarities with the clinical rate of rapid canine retrac-
tion that took place in a period of 10 days in our study.

On correlating the above findings to the previous study of Haluk
Iseri et all3 it was observed that the procedure of clinical osteot-
omy for rapid movement of canine on the principles of distraction
osteogenesis, the canines were retracted into the extraction space
within a period of 8 to 14 days with a mean time of 10.05 (£2.01)
days, this findings of Haluk Iseri et al13 was in accordance with the
results of our study in terms of clinical rate and our assumption of
the rate of retraction by finite element method. With this technique
the retraction of canines took place until it came in contact with the
first premolars. Another study by Gokmen Kurt et all4 showed a
rate of clinical canine retraction in a period of 12 days at the rate of
0.625 per day which was found to be in a higher range as the dura-
tion of treatment was 3 days ahead of ours but as the extraction
space to be covered was also larger (7.5 mm) along with the rate of
retraction being at the rate of 0.625 mm which was also slower in
comparison to our study it can be assumed that the retraction would
have been completed within a time span of 10 days if the space to
be covered was 7 mm. According to another study by Gurgan CM
et all5 clinical rapid canine retraction using a custom made tooth
borne rigid intraoral device was achieved at the rate of 0.8 mm per
day and was completed within a time span of 10.36 (£1.93) days
(range 8-14 days) which was also in accordance to our study in
terms of clinical and our assumption of rate of retraction by finite
element method.

However there were studies present in the literature that had find-
ings contrary to the results of our study. Study of Liou and Huang5
with the method of clinical dentoalveolar distraction using a custom
made intraoral device with retraction rate of 0.5 mm per day com-
pleted the closure of extraction space within a time span of 3 weeks
at the rate of 6.5 to 6.6 mm. In a study of Sayin S et all6 it was ob-
served that clinical dentoalveolar distraction with displacement of
0.25 mm of the distractor device three times a day with 0.5 mm acti-
vation of the appliance completed the full extraction space closure
to reach class 1 canine relation within a period of 3 weeks.
Mechanical behavior of the materials was assumed to be linear elas-



tic (homogenous and isotropic). Finite element analysis (FEA) ob-
tains the events of displacement occurring in the biological situa-
tion but it is difficult to correlate it with the findings of the clinical
situation over certain length of time. Soft tissue such as gingival
and facial musculature may present as a source of resistance to
rapid tooth movement.

Conclusion and Clinical implications

1. Determination of the rate of rapid canine retraction
with dentoalveolar distraction technique using finite element
method provides an insight for assessing the displacement contours
with application of appropriate force.

D The rate of rapid canine retraction that took place
with the finite element method was in similarities with the rate of
rapid canine retraction that took place in the clinical situation.

3 In reality bone has a relaxation property and also the
tension in the appliance decreases every day so only in clinical prac-
tice we can reactivate the appliance 2 times a day. With assumed
linear properties the complete closure of extraction space cannot be
simulated.

4. Anchor loss is considered an important factor while
carrying out a retraction procedure, hence rapid canine retraction
with distraction method not only speeds up retraction but prevents
anchor loss.

7 Rapid method of canine retraction was observed to
cause extrusion of the canine in ‘Z’ direction by finite element simu-
lations, hence it may well be recommended for a case of crowding
involving highly placed canines.
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