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Objective: Understanding the effects of retraction accompanied by intrusion on the periodontium of the
anterior teeth along with the change in displacement during the en masse retraction of the maxillary
anteriors using orthodontic mini-implants (OMIs) and retraction hooks at different levels.
Design: Finite element analysis.
Materials and method: The finite element model of maxillary dentition was made using a computed
tomographic scan. The implants of 1.5 � 8.0-mm dimensions were inserted at an angle of 90� at distance
of 7 mm (low OMI) and10 mm (high OMI) with anterior retraction hooks (ARH) at 3, 6, and 9 mm. Six
models were constructed for the study. After the boundary conditions were defined, 200 g of retractive
force was applied from ARH at low and high OMI traction. The stresses on periodontal ligament (PDL),
bone, bone surrounding implant, and cementum, along with change in inclination and displacements of
anterior and posterior teeth along the y- and z-axis were determined.
Results: Anoverall tippingandextrusionwas seen in all the cases. LowOMIplacementwith retractionhooks
at 3 mm and 6 mm showed more tipping movements, whereas high OMI with 9-mm ARH showed more
bodily movement. Both high and low OMI with 9-mm ARH showed more root movement. The stresses in
PDL, bone, and cementumwere less at 3-mmARH in both lowandhighOMI groups. The stressesweremore
in cortical bone than cancellous bone and also more on lateral incisors than central incisors.
Conclusion: If controlled lingual tipping of anterior teeth is required with minimum torque loss, high OMI
with low ARH is recommended, whereas if lingual root movements with retraction is required, high OMI
and high ARH is recommended.
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1. Introduction

Extraction is the most common way of gaining space in ortho-
dontics. During the space closure when forces are applied, there are
favorable as well as unfavorable movements. The responses of these
forces on the tooth and the moments must, therefore, be studied so
as to reduce empiricism in the orthodontic treatment. Anchorage
has been a significant consideration for orthodontists and is one of
the important components in treatment planning. Orthodontic
mini-implants (OMIs) have modernized the concept of orthodontic
anchorage by making anchorage perfectly balanced [1].

During the movement of the anterior teeth, stresses are gener-
ated in the periodontium. These stresses must be considered while
ederation of Orthodontists.
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Table 1
Material characteristics used in the study

Material Young's modulus (GPa) Poisson's ratio (n)

Enamel 77.9 0.33
Dentin 16.6 0.31
Cementum 15 0.31
PDL 0.05 0.45
Cortical bone 10 0.26
Cancellous bone 0.5 0.38
Titanium 105 0.37
NiTi 80 0.33

NiTi, nickel titanium; PDL, periodontal ligament.

H. Kalia et al. / Journal of the World Federation of Orthodontists 8 (2019) 153e158154
planning treatment. Unbalanced forces may lead to unwanted
stresses, which may lead to root resorption [2]. Thus, evaluation of
stresses during various combinations of force application must be
studied to understand the nature of stress and the sites ofmaximum
and minimum stress during these movements. One of the methods
to study the stresses is finite element analysis (FEM) [3], which
provides the orthodontistwith quantitative data that can extend the
understanding of the physiologic responses of the dentition to or-
thodontic forces.

Many studies have evaluated the change in displacement of
anterior teeth in mini-implanteassisted retraction [4,5]. However,
there are limited studies that evaluated the stresses on the bone
(around the teeth and implants), cementum, and periodontal liga-
ment (PDL) during en masse retraction of the anterior teeth [6].
Therefore, the aim of the present study was to evaluate the
biomechanical effects of retraction forces on periodontium during
en masse retraction of anterior teeth with various combinations of
OMIs and retraction hooks (ARH) to identify a better combination of
the previously mentioned factors.

2. Material and method

2.1. Generating of 3D geometric model

Computed tomography CT scan data of the skull was processed
using MIMICS 8.1 software (Materialise NV, Leuven, Belgium),
DICOM images were selected and converted into STL format, only
region of interest (maxilla in this study) was selected [7].

2.2. Conversion of three-dimensional geometric model into finite
model

Conversion was done by using Hypermesh version 13.0
(Hypermesh, MMr. Rupees, Bangalore, India). The model of maxil-
lary dentitionwith bilateral first premolar extractionwas simulated
(HyperWorks CAE Software, Altair Engineering, MI). Each tooth was
divided into enamel, dentin, and cementum, whereas the bone was
divided into cortical and cancellous bone. The PDL was kept
consistently at a thickness of 0.2 mm. The Young's modulus and
Poisson's ratio for the structures and components used in the study
Fig. 1. (A) Model 1 with implant at 7 mmwith retraction hooks at 3 mm. (B) Model 2 with im
retraction hooks at 9 mm.
were set according to the finite element studies conducted previ-
ously, as shown in Table 1.

Using ANSYS software version 12.1, 0.022 � 0.028-inch MBT
brackets and molar tubes, with the specific tip and torque values
weremodeled and placed according toMBT prescription (SIEMENS,
DICOM, Syngo CT 2006 C2 format). The interface between the teeth
and the bracket was connected, to avoid the interference of the
composite bonding material. At the interfacial nodes between the
archwire and the brackets, only sliding without friction was
allowed to prevent unnecessary bracket-wire interplay. Six three-
dimensional models were designed for the study as follows:

Model 1: ARH of 3 mm with low OMI of 7 mm (Fig. 1A)
Model 2: ARH of 6 mm with low OMI of 7 mm (Fig. 1B)
Model 3: ARH of 9 mm with low OMI of 7 mm (Fig. 1C)
Model 4: ARH of 3 mm with high OMI of 10 mm (Fig. 2A)
Model 5: ARH of 6 mm with high OMI of 10 mm (Fig. 2B)
Model 6: ARH of 9 mm with high OMI of 10 mm (Fig. 2C)
Arch wire of 0.019 � 0.025-inch stainless steel (SS) with ARH of

0.05-inch SS at varying heights between the canine and lateral
incisor brackets were placed on a three-dimensional model. The
mini-implants of dimensions 1.5 mm � 8 mm and 90� to the
occlusal plane [8] were placed between the roots of the second
premolars and first molars at varying heights from the arch wire.
The force of 200 g simulating sliding mechanics was applied from
heights of OMI to each ARH.

2.3. Defining the boundary conditions

After completion of the model fabrication, the boundary con-
ditions were assigned at all peripheral nodes of bone with 0 degree
of movement in all direction.

2.4. Interpretation of results

For baseline coordination system, the displacement of nodes
along y-axis signified tooth movement in labio-palatal plane for
incisors and mesio-distal plane for canine and posteriors, whereas
z-axis denoted superior-inferior movements along the vertical
plane. After applying the boundary conditions, the results were
analyzed. von Mises stresses at PDL, cementum, bone, implant, and
bone surrounding the implant were evaluated along with the
principal stresses at PDL and cementum. The change in inclination
was also assessed by the nodal displacement of the incisal edge and
root apex. The initial displacement of the teeth was analyzed in the
y- and z-axis.

3. Results

3.1. Stress distribution in bone

In all the models, the maximum von Mises stresses were seen at
the disto-cervical region of the canines. These stresses reduced as
plant at 7 mmwith retraction hooks at 6 mm. (C) Model 3 with implant at 7 mmwith



Fig. 2. (A) Model 4 with implant at 10 mmwith retraction hooks at 3 mm. (B) Model 5 with implant at 10 mm with retraction hooks at 6 mm. (C) Model 6 with implant at 10 mm
with retraction hooks at 9 mm.

Table 2
von Mises stresses in bone (MPa)

Reference point Low OMI (7 mm) High OMI (10 mm)

3 mm 6 mm 9 mm 3 mm 6 mm 9 mm

Bone
Cortical bone 33.2 30.63 29.6 30.76 28.23 25.21
Cancellous bone 1.3 1.46 1.65 1.2 1.34 1.35

Bone surrounding implant
Cortical cone 63.2 58.5 51.9 60.09 51.37 41.16
Cancellous bone 2.77 2.69 2.44 2.26 2.03 1.87

OMI, orthodontic mini�implants.
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the height of the retraction hook increased in cortical bone,
whereas the opposite was seen in the cancellous bone. The
maximumvonMises stress in the cortical bone was seen inmodel 1
(33.2 MPa) with the least in model 6, whereas in the cancellous
bone, the maximum von Mises stresses were seen in model 3 and
the least in model 4 (Table 2).

3.2. Stress distribution in bone surrounding implant

In all the models, the maximumvonMises were seen in the bone
surrounding the implant. The maximum stresses were seen in the
mesial area of the bone in the area of implant insertion and the
stresses decreased with the increase in the height of the retraction
hook for all the models. The maximum vonMises stress of 63.2 Mpa
was seen in the mesial area of bone adjacent to implant insertion in
Model 1, whereas the least stresses were seen in Model 6 (Table 2).
The stresses in the cortical bone were more compared with cancel-
lous bone in all the models.

3.3. Stress distribution in PDL

In all the models, the maximum von Mises stresses in PDL were
seen at the apical area of the tooth and the maximum principal
stresses were also present at the apical regionwith the compressive
stresses at the lingo-cervical area of the root and the tensile stresses
at the labio-apical area for all the anterior teeth. In the first molar,
themaximumvonMises were at the apical area of themesio-buccal
(MB) root. The compressive stresses were present at the mesial
aspect of the MB root (toward the furcation area), whereas the
tensile stresses were seen at the buccal and distal aspects of the MB
root (Table 3).

3.4. Stress distribution in cementum

In all the models, the maximum von Mises were seen at the
cervical area of the anterior teeth. The compressive stresses were
seen at the mid-root and apical area and the tensile stresses were
noticed at the labio-cervical area of the root for all the incisors. In
the canines, the distal side had compressive stress and the mesial
side had tensile stress. In the MB root of first molar, the maximum
von Mises and principal stresses were present at the cervical area.
Because the MB root showed mesial tipping, the compressive
stresses were seen at the mesial aspect near the cervical area,
whereas the tensile stresses were seen at the buccal aspect of the
cervical area (Table 4).

3.5. Displacement of teeth along y- and z-axis

The displacement in all the models for the anterior teeth andMB
root of first molar along the y-axis and z-axis is depicted in Table 5.
On evaluation of movement of teeth in the y- and z-axis, the
following were seen:
3.5.1. Central incisors
In both low and high OMI models, lingual tipping was seenwith

more crown movement, except in model 6 where more of bodily
type movement was noticed. They also displayed extrusion in all
models. The amount of extrusionwas less in high OMI than lowOMI
and less amount of extrusion of root as compared with crown.

3.5.2. Lateral incisors
The tipping was less as compared with centrals in the low OMI

group, whereas in the high OMI group they displayed bodily type
toothmovement at 3- and6-mmARH. At 9-mmARH,moreof palatal
movementof rootwas seen as comparedwith crown inboth lowand
high OMI groups. The laterals were less extruded as compared with
centrals in low OMI cases. There was almost the same amount of
extrusion of crown and root at 3- and 6-mmARH and at 9-mmARH,
more root extrusion was seen compared with crown.

3.5.3. Canines
Canines displayed distal tipping in all models, with more crown

movement compared with root. They also showed extrusion in all
models, which was more than incisors and the amount increased
with increase in the height of ARH.

3.5.4. MB root of first molar
Thedistal tippingof theMBcuspwasnoticed inmodels 1, 2, 3 and

4, whereas in models 5 and 6, both crown and root moved distally.
Slight extrusion was seen in molars at MB cusp in all the models.
3.6. Change in inclination of anterior teeth

On analyzing the amount of torque loss, it was noticed that 3-
mm ARH with high OMI had minimum amount of torque loss and
displayed controlled movements compared with other combina-
tions. The laterals displayed less amount of torque loss as compared
with the centrals, as theywere close to the point of force application
and center of resistance (CR) of anterior teeth (Table 6).
4. Discussion

Different malocclusions require different treatment modalities.
Extraction is the most common option for space gaining in



Table 3
von Mises and principal stresses in PDL (MPa)

Tooth Stress Low OMI (7 mm) High OMI (10 mm)

3 mm 6 mm 9 mm 3 mm 6 mm 9 mm

CI von Mises 8.9�10�4 1.04 � 10�3 1.08 � 10�3 8 � 10�4 9.5 � 10�4 1.01 � 10�3

Tensile 4.1 � 10�3 5.15 � 10�3 5.51 � 10�3 3.4 � 10�3 4.5 � 10�3 5.01 � 10�3

Compressive �4.03 � 10�3 �4.62 � 10�3 �4.73 � 10�3 �3.6 � 10�3 �4.2 � 10�3 �5.46 � 10�3

LI von Mises 1.2 � 10�3 1.49 � 10�3 1.58 � 10�3 1.1 � 10�3 1.4 � 10�3 1.5 � 10�3

Tensile stress 4.54 � 10�3 5.6 � 10�3 6.16 � 10�3 4 � 10�3 5.1 � 10�3 5.7 � 10�3

Compressive �4.69 � 10�3 �5.4 � 10�3 �5.6 � 10�3 �4.42 � 10�3 �5.23 � 10�3 �5.46 � 10�3

Canine von Mises 7.6 � 10�4 8.2 � 10�4 8.6 � 10�4 7 � 10�4 7.6 � 10�4 8.2 � 10�4

Tensile 3.58 � 10�3 3.69 � 10�3 4.3 � 10�3 3.1 � 10�3 3.4 � 10�3 4.2 � 10�3

Compressive �3.2 � 10�3 �3.4 � 10�3 �3.35 � 10�3 �3.03 � 10�3 �3.29 � 10�3 �3.26 � 10�3

MB root of first molar von Mises 8.4 � 10�4 7 � 10�4 5.4 � 10�4 8.9 � 10�4 7.8 � 10�4 6.9 � 10�4

Tensile 4.3 � 10�3 3.5 � 10�3 2.7 � 10�3 4.5 � 10�3 4.05 � 10�3 3.4 � 10�3

Compressive �1.4 � 10�3 �1.3 � 10�3 �1.1 � 10�3 �1.9 � 10�3 �1.8 � 10�3 �1.65 � 10�3

CI, central incisor; LI, lateral incisor; MB, mesio-buccal; OMI, orthodontic mini�implants; PDL, periodontal ligament.
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orthodontics, and space closure methods are always associated
with some problems, of which most common is the anchorage loss.
This anchorage loss, nowadays, can be prevented by the use of mini-
implants. For successful en masse retraction, the forces must be in
harmony with the oral tissues so that there is minimal damage to
the surrounding tissues during treatment. Thus, it is very important
to study the stress pattern of the periodontium to understand the
effect of the forces that are being applied on the dentition during
treatment. Therefore, this study was done to understand the effect
of forces during en masse retraction of the anterior teeth on the
periodontium with ARH and OMI at different heights.

4.1. Stresses in bone

In our study, it was found that the stress values in the cortical
bone were more than the cancellous bone. The probable reason for
this finding might be that the cortical bone has a higher Young's
modulus due to which it resists more deformation and sustains
higher loads than does the cancellous bone [9]. Our results were in
accordance with the study done previously [9], where the stresses
in the hard bone were greater than the soft bone. All the stress
values for the bone in all the models were far below the ultimate
tensile strength of the bone of 135MPa [1], indicating that the bone
has sufficient strength to resist retraction forces in a clinically
acceptable range.

4.2. Stresses in bone surrounding implant

According to the present study, the maximum stresses were
seen in the cortical bone at the mesial area of the mini-implant,
which might be due to the bending of the bone in the area of the
implant, which has more effect at the base support region because
Table 4
von Mises and principal stresses in cementum (MPa)

Tooth Stress Low OMI (7 mm)

3 mm 6 mm

CI von Mises 1.09 1.06
Tensile 0.97 0.85
Compressive �2.5 � 10�3 �3.7 � 10�3

LI von Mises 2.2 3.01
Tensile 2.09 2.3
Compressive �9 � 10�4 �9.6 � 10�3

Canine von Mises 11.3 10.7
Tensile 2.4 2.9
Compressive �1.982 �1.981

MB root of first molar von Mises 3.75 3.714
Tensile 1.6 2.09
Compressive �1.06 �1.029

CI, central incisor; LI, lateral incisor; MB, mesio-buccal; OMI, orthodontic mini-implants.
of the concentration of stresses in the entrance region of the cortex
than the rest of the embedded region. This result was similar to the
findings of previous studies in this regard [10,11].

4.3. Stresses in PDL

The PDL experiences relatively high stress on an application of
orthodontic forces during tooth movement. This study showed that
the concentration of the compressive stresses were at the apex on
the palatal aspect of the anterior teeth. The tensile stresses were
distributed at labio-cervical area of the teeth. This finding agreed
with the other published studies [4,12]. The central incisors expe-
rienced fewer stresses as compared with the lateral incisors, which
could be due to their PDL support, because lateral incisors have a
smaller root surface area than the central incisors [13,14]. The
stresses in the PDL were found to be higher at 9-mm ARH in both
low and high OMI placement. Similar findings were noted in pre-
vious studies [12,15], which might be attributable to more retrac-
tion of centrals and torquing movements of laterals at 9 mm ARH.

4.4. Stresses in cementum

During orthodontic movement, resorption is a common patho-
logical phenomenon occurring at the root of the tooth. In our study,
cemental stress pattern was maximum toward the mid-root and
cervical area andminimum toward the apex. Under the influence of
lingual tipping forces, the lingo-cervical and bucco-apical areawere
under compression, whereas the bucco-cervical and lingo-apical
were under tension. These high-pressure zones are more suscep-
tible to resorption, as seen in a similar study conducted previously
[16]. The root apex and bony alveolar crest zone are the areas that
are susceptible to greatest stress when tipping or torquing
High OMI (10 mm)

9 mm 3 mm 6 mm 9 mm

1.02 1.13 1.08 0.99
0.73 1.02 0.89 0.78

�2 � 10�2 �4 � 10�5 �5.8 � 10�3 �3.2 � 10�2

3.41 2.25 2.98 3.41
2.68 2.02 2.04 2.6

�1.13 � 10�2 �8.8 � 10�4 �1.04 � 10�2 �1.2 � 10�2

9.51 10.14 9.7 8.6
3.2 2.3 2.9 3.2

�1.6 �1.8 �1.6 �1.39
3.42 3.1 3.04 2.7
2.26 0.8 0.9 1.14

�0.9 �0.7 �0.81 �0.79



Table 5
Displacement along y- and z-axis (mm)

Tooth Reference point Low OMI (7 mm) High OMI (10 mm)

Hook height (mm) Dy (mm) Dz (mm) Hook height (mm) Dy (mm) Dz (mm)

CI RA 3 mm 6.5E�03 �2.4E�03 3 mm 6.1E�03 �1.6E�03
IE 8.65E�03 �4.01E�03 8.3E�03 �3.1E�03
RA 6 mm 7.2E�03 �3.7E�03 6 mm 7.04E�03 �3E�03
IE 9.2E�03 �5.2E�03 9.02E�03 �4.4E�03
RA 9 mm 7.3E�03 �4.5E�03 9 mm 7.17E�03 �3.8E�03
IE 9.04E�03 �5.7E�03 8.9E�03 �5.1E�03

LI RA 3 mm 7.6E�03 �3.08E�03 3 mm 7.4E�03 �2.2E�03
IE 8.7E�03 �3.33E�03 7.9E�03 �2.4E�03
RA 6 mm 8.65E�03 �4.51E�03 6 mm 8.5E�03 �3.9E�03
IE 9.12E�03 �4.4E�03 8.8E�03 �3.7E�03
RA 9 mm 9.26E�03 �5.5E�03 9 mm 9.1E�03 �4.91E�03
IE 8.96E�03 �4.9E�03 8.6E�03 �4.4E�03

Canine RA 3 mm 3.51E�03 �1.98E�03 3 mm 3.7E�03 �1.3E�03
IE 9.09E�03 �4.16E�03 8.8E�03 �3.2E�03
RA 6 mm 2.77E�03 �2.47E�03 6 mm 3.7E�03 �1.8E�03
IE 9.41E�03 �5.89E�03 9.2E�03 �5.1E�03
RA 9 mm 1.97E�03 �2.66E�03 9 mm 2.2E�03 �2.1E�03
IE 9.16E�03 �6.82E�03 9.03E�03 �7.3E�03

MB root of first molar RA 3 mm �0.6E�03 �0.11E�03 3 mm �6E�05 �5.8E�04
IE 0.4E�03 �0.29E�03 1.5E�03 �8.2E�04
RA 6 mm �0.41E�03 �0.27E�03 6 mm 1.2E�04 �2.5E�04
IE 0.21E�03 �0.22E�03 1.3E�04 �2.5E�04
RA 9 mm �0.23E�03 �0.61E�03 9 mm 2.4E�04 �1.8E�04
IE 0.08E�03 �0.6E�03 8.5E�04 �8E�05

CI, central incisor; LI, lateral incisor; MB, mesio-buccal; OMI, orthodontic mini-implants.
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movements are seen [17]. A possible reason could be that when the
forces are applied, the stress is dissipated in the alveolar crest and
mid-root area before it reaches to apex. Hence, significant stress is
not seen in the apical region. The compressive stresses were more
on the lateral incisors than the centrals. It may be because of their
smaller root surface area as compared with central incisors as,
stated in a study by Hemanth et al. [18].
Table 6
Change in inclination for anterior teeth (degrees)

Tipping angle for anterior teeth

Central incisor Lateral incisor Canine

Implant at 7 mm
3 mm Power Arm 0.8 0.5 1.5
6 mm Power Arm 1.1 0.7 1.9
9 mm Power Arm 1.3 1.3 0.9 1.7

Implant at 10 mm
3 mm Power Arm 0.6 0.4 1.2
6 mm Power Arm 0.9 0.6 1.4
9 mm Power Arm 1.1 0.8 1.3
4.5. Displacement along the y- and z-axis

In all the models, extrusion was seen along with the lingual
tipping of the incisors and distal tipping of the canines under the
influence of retractive forces acting on the anterior segment. In our
study, at the 3-mm and 6-mmARH, lingual tipping of anterior teeth
was noticed compared with torquing movements seen at 9-mm
ARH. Similar findings were seen in the literature [4], where high
OMI traction with high ARH lead to controlled tipping of the cen-
trals and in laterals, the root apex movedmore lingually, whereas at
3-mm and 6-mm ARH, tipping movements were noticed. The
reason for the overall tipping in the models at 3-mm and 6-mm
ARH is that the line of action of force was below the CR of the
anterior segment. At 9-mm ARH, the force vector was very near to
the estimated CR at 7-mm implant placement and above the CR at
10-mm implant placement. So, it can be concluded that the CR plays
a crucial role on the type of the tooth movement in orthodontics.

In our study, the CR was assumed according to the findings in a
previous study [19], which was 13.5 mm posterior and 9 mm apical
from the center of the archwire. In true sense, we should identify the
CR for the 6 anterior teeth in the base model to apply the force closer
to it in order to achieve the desired results. The CR varies among pa-
tients, depending on various factors, such as root length, bone support,
and number of teeth, as stated in previous studies [20e23]. Themodel
in our finite element study was fabricated from the CT scan of a pa-
tient. Because the CR varies among patients, the CR of our patient also
could have differed in the anatomical location from the actual CR.

In the z-axis, the extrusion was seen in all the models. The
extrusion increased with the increase in the height of the retraction
hook. Similar findings were reported in another studies [4,6]. In
another study, the author observed that, the shorter the ARH
height, the better the crown torque was maintained and hence
recommended short ARH [24]. In our study, the models with low
ARH height of 3 mm showed the least amount of extrusion with
maximum at high ARH (9mm). This might be because of the change
in q angle, which can alter the paradigm of biomechanics.
Increasing the height of the anterior power arm would cause a
decrease in the q angle but would increase the horizontal force
(horizontal force ¼ force � cosq) and decreasing the q angle can
reduce the vertical force (vertical force ¼ force � sinq) as quoted in
a study [25]. The amount of lingual tipping and extrusionwas less in
the high OMI group compared with low OMI group. According to
another study [25], for every millimeter of implant placed apically,
the q angle increases by 2�, hence, reducing the retraction
component of force by 1% and increasing the intrusion component
of force by approximately 0.3%.

The retraction force with mini-screw anchorage also produced
rotation of the entire arch around the CR near the premolar root,
which resulted in extrusion of anterior teeth, maximum in canines
and least in molars. Similar findings were reported in the literature
[26]. The bracket can also play a crucial role during retraction. In the
present study, we used 0.019� 0.025-inch SSwire in 0.022� 0.028-
inch slot system. Because therewas play present in the wire bracket
interface, deformation of the wire must have taken place, which
might be the most probable reason for the clockwise rotation of the
occlusal plane. Similar results were noted in the literature [27].
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4.6. Limitations of the study

The results of our study are valid only for the initial tooth
movement produced by elastic deformation of the PDL. The long-
term orthodontic movement varies with the force system and
therefore cannot be predicted. Moreover, in this study, PDL was
considered to be a linear structure, whereas in actual terms it is a
nonlinear structure [28]. Thus, actual stresses could have been
analyzed if the PDL was considered as a nonhomogeneous struc-
ture. Also, CR was not calculated for the present study and it was
assumed according to the previous literature, which also should
have been taken into consideration. The simulation in the FEM
study is based on mechanical laws, and this method may not be
sufficient for predicting orthodontic tooth movement in the clin-
ical scenario. Therefore, FEM results should be correlated with
preclinical and long-term clinical studies to validate research
models [29].

4.7. Clinical implications of the study

In Class II Division 1 patients, controlled retraction of maxillary
anteriors can be obtained with the combination of high OMI and
ARH of 3 to 6 mm. In Class II Division 2 cases, the palatal root torque
of the incisors can be achieved by increasing the height of ARH to
9 mm.

5. Conclusions

The following conclusions can be drawn from the present study:

1. An overall tipping and extrusionwas seen in all the models. The
tipping was more in low OMI models as compared with the
high OMI models.

2. The lingual tipping of the anterior teeth was more at 3-mm and
6-mm ARH, whereas at 9-mm ARH, more of bodily movement
with lingual rootmovement was seen in both high and lowOMI
models.

3. An overall clockwise rotation of the occlusal plane was noticed
with the extrusion of the anteriors and slight extrusion of the
posteriors.

4. The laterals had more stresses in PDL and cementum compared
with centrals in all the models.

5. The distribution of stresses was in the apical and alveolar crest
area, making these areas more prone to resorption.
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