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Abstract

Background: Occlusal loads are always present though not widely considered in orthodontic treatments: Applied force systéms are
analyzed in detail and taught but their interaction with occlusal force is oftentimes ignored. Numefi€evaluation of this combination by
finite element method is the main goal of this research.

Objectives: The present study has implemented FEA to investigate the effect of orthodonticforce application on the toeth-periodontium-
alveolar bone system.

Materials and Methods: A 3D model of a lower premolar was designed. The model contained eortical and spongy bone, PDL, and tooth.
A 173 N force decomposed to 1 N in each plane axis was applied as a random levelling and alignifig force to assess the von Mises stress
produced at the mesial aspect of the PDL from cervical down to the apical area. At the second phase a200-Newton intruding force vector
was applied simulating the occlusal force. The effects of the combination force'system were evaluated inthe same area of the PDL.
Results: The maximum finding of von Mises for both stages were in found in the cervical area. This was almost 0.267 MPa for the first stage
and 2.27 MPa for the second stage.

Conclusions: Our findings show that the co-existence of heavy occlusal forcgs due to elenching or bruxism in our tooth-periodontium-

orthodontic force system has a significant influence on the magnitude and location of the high stress areas.
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1. Background

Inclined planes on opposing teeth provide occlusal con-
tacts and have a great influence on maintaining tooth'po-
sition and mandibular stability. Consideringgheisolated
pairs of antagonistic teeth, these forces in¢rease progres-
sively in a non-linear manner as the bite point maves
posteriorly. According to the American sleep, disorders
association (ASDA) in 1990, 85 - 90% of populations show
a sleep bruxism habit which is @ non-fungtional physi-
ological phenomenon (1). A€cording to Nishigawa et al.
measuring nocturnal bjte force during.sleep in 10 sub-
jects using the miniature strain-gauge transducers, the
highest and meansamplitude of detected bruxism were
22.5 and 42.3 Kgf, respectively (2). It is suggested that the
multidirectiomalyfunctional load disrupts the continu-
ous mechanical force of thefixed orthodontic appliance,
rendering it intermittent (3-5). Maxillary molar behavior
consideringthe occlusal contacts (6), evaluation of the
articular disk elastic properties (7) and measurement
of the maxillary central incisor displacements after the
application of a given orthodontic force (8) are among
other examples of studies that validate finite element ap-
proach'to this subject.

Finite element analysis (FEA) is a numerical means of
analyzing the transmission of forces and stress in struc-

tural systems (9). This method is highly precise and used
has been to analyze structural stress in engineering for
years. In this method, equations are solved by computers
to calculate desired parameters like stress and displace-
ment on the basis of the physical properties of structures
(10). This method has been adapted from the engineering
to dental biomechanics.

2. Objectives

The present study has been designed to investigate the
effect of the application of orthodontic forces on the
tooth-periodontium-alveolar bone system considering
the dynamic circumstances of a tooth under the influ-
ence of occlusal forces.

3. Materials and Methods

A 3D model of a lower premolar was designed based on
Ash dental anatomy. The model contained cortical bone,
spongy bone, PDL, and tooth. Tooth dimensions were
considered as average. PDL was assumed to be 0.25 mm
all around the root. SolidWorks 2006 (300 Baker Ave.
Concord, Massachusetts 01742, USA) was selected for the
modeling phase. Then the model was transferred to the
ANSYS Workbench version 11.0 (ANSYS Inc. Soutpointe,
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275 technology drive, Cononsburg PA 15317, USA) for the
calculation. Material properties were considered as ho-
mogenous and were applied based on recent researches
(Table 1). The model was meshed. The meshed model con-
tained 19772 nodes and 10534 quadratic tetrahedron ele-
ments and 4051 contact elements. All nodes at the base of
the models were restrained as the boundary condition so
that all rigid body motions were prevented.

Two phases of loading were applied: During the first
phase, a 1.73-Newton force, directed 45 degrees to the
occlusal and vertical planes decomposed to 1 N at each
plane in 3D space, was applied on the center of the oc-
clusal surface. During second phase, a 200-N intrusive
force was added to the previous phase. Von Mises stress
was evaluated along a path of nodes starting at the cervi-
cal area of the mesial side of the root along the PDL down
and ending at the apical area of the mesial side.

4. Results

The results show that the maximum stress (Von Mises
Stress) occur at the cervical areas of both finite element
models,and is equal to 0.26678 MPa in the first phase,
only an orthodontic force was loaded to the premol
is equal to 2.2729 MPa in the second phase, when an o
sal force was added to the previous system. A decrea:
the stress value is observed in the sub-cervical areas
phases (Figure 1A and B) and (Figure 2Aand B

both

Table 1. The Mechanical Properties of the Materia

Model
Young’s Modulus (M|
Tooth 20300
Spongy bone
Cortical bone

PDL

0.028573
0.027158
0.025744
1 0.024329
1 0.022914
0.01499
0.020085
0.01867
0.00026049 Min

L 1.1614e-5
1.0408e-5
9.2028e-6
7.9972e-6
6.7916e-6
5.586e-6
4.3804e-6
0 Min

Figure 1. A, the Von Mises stress in the alveolar bone produced by the orthodontic force of IN decomposed into three components of X, Y and Z (simulat-
ing buccal, mesial and occlusal directions) applied to the buccal surface of the premolar; B, The amount of deformation caused by this force.
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13037
1.2634

— 1.2231

1.1829

1.1426

11023

1.062

1.0218

0.80762

0.5652
0.0022803 Min

I 1.6813e-5

1.5342e-5

1.387e-5

1.2399e-5

1.0928e-5

x

value that could be observed in the api-
ual to 0.040644 MPa in the first phase and
in the second phase.

Occlusal contacts in the human dentition occur on in-
clined planes and have a great influence on maintaining
tooth position and mandibular stability. When the oc-
clusal system balance is disturbed, some negative effects
may take place. When recorded between isolated pairs
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of antagonistic teeth, these forces increase progressively
in a non-linear but monotonic manner as the bite point
moves posteriorly (11).

It has been observed in a number of experimental situ-
ations, including the experiments described by Proffit
and Sellers (12) that intermittent forces of appreciable
magnitude quickly cause a small amount of intrusion,
and then the teeth stabilize. Both in rodent incisors and
in the experiments on human teeth, the period of quick
intrusion ended after about 20 minutes. When the heavy
force was released, there was a rebound also over about
20 minutes, followed by a continuation of eruption at a
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slower rate (12).

The PDL has a determinant influence on tooth instanta-
neous and short-term mobility, because of its much lower
stiffness in comparison to the surrounding alveolar bone.
This initial tooth mobility, which has to be distinguished
from long-term orthodontic tooth movement, is affected
by unique mechanical characteristics of the different com-
ponents composing the PDL. However, the PDL influences
also dental long-term movement, and its strain state regu-
lates the activity of cells that are involved in the alveolar
bone remodeling processes (13). Initial tooth mobility re-
sults from the damping effects found during short-term
phenomena such as chewing or grinding, medium effects
lasting several seconds to minutes during clenching and
bruxism and long-term effects during the application of an
orthodontic force system, and happen prior to the initia-
tion of bone remodeling processes (14). It is suggested that
the multi-directional functional load disrupts the continu-
ous mechanical force system (3-5). Carano and Siciliani (5)
compared the effects of continuous and intermittent forc-
es on human fibroblasts. The fibroblasts, stimulated by a
cyclical mechanical deformation (3 minutes stress, 3 min-
utes relaxation), produced 200 percent more collagenase
in comparison with the control. When fibroblasts were
deformed by a continuous distortion of the same amount
as the cyclical one, the increment of collagenase produc-
tion was lower (30 - 60 percent) in relation to the control
These results emphasize the importance of the modaligyof
mechanical force application to cell cultures and suggest
that the same differential behaviour could influence tissué
response to mechanical stimuli. Our findings shew that
the co-existence of heavy occlusal forces duesto clenching
or bruxism in our tooth-periodontium-rthodontic force
system has a significant influence on the locatiofi of the
high stress areas and the location of the'center of rotation.
Putting the last two statementstogether we caniconclude
that heavy occlusal forces could be considered as influen-
tial factors in the orthodentic foxce- tooth system calcula-
tions. Many orthodontists consider using a bite plate or
some fixed disclusion appliance for their patients as an
adjunct to the orthodonticitherapy to eliminate heavy oc-
clusal loadingsfrom the biomechanical system (15-17).

Amemorietal.(1)developeda three dimensional system
to measure nocturnal mandibular movements by using
a PIN photodiode sensor. The frequency and duration of
the bruxing event were 4.5 - 10.9 and 47.8 - 174.9 seconds
per hour, respectively. Clenching type bruxism was most
frequently observed in their subjects and EMG activities
duringclenching were stronger than grinding. Etzel et al.
(18) reported that 66% of nocturnal bruxism events were
greater than the force of diurnal chewing. Rugh and Har-
lan (19) also concluded that the force of nocturnal brux-
ism might be more harmful than the equivalent forces
during mastication because the contractions were often
isometric, the intervals were longer and the teeth con-
tacted in eccentric, unstable jaw positions (1).

In 2006, Gomes de Oliveira et al. (20) evaluated the ef-

fects of different occlusal contact patterns on tooth
displacement in an adult dentition using a three-dimen-
sional FE model of a human maxilla and mandible. Small
changes in the standard distribution of occlusal contacts
resulted in an imbalance of occlusal forces and changes
in dental positioning. All simulations showed mesial
displacement of posterior teeth. The results of this stady
showed that small alterations in occlusal contacts com-
monly observed in prosthetic, orthodontic or zéstorative
treatments could disrupt the balance of the occlusal sys-
tem (20). Their findings are in accordance with our ob:
servations in some of our adult orthodontic patients,.as
they report periods of clenching and sleep bruxismatthe
onset of orthodontic therapy.

Results show an almost 10 fold increase in load at the
cervical area when occlusalforces are‘added to the orth-
odontic system and an almost 20 fold increase when we
compare the tWo force systems in the apical area. These
forces systemsiare actually developing much more force
than required forprimary bone resorption and may pro-
mote sterile hyalinization of the periodontal ligament,
incteasing pain levelshand potentially promoting root
resorption

5. Conclusion

It can be concluded that heavy occlusal forces due to
clenchingdnd bruxism, although classified as intermit-
tent forces, have the potential to interfere with the orth-
odontic force system and may delay the beginning of the
tooth movement. Indeed, they are capable of triggering a
cascade of fibroblasts activity in areas other than where
we want the mechanical stress to be applied. Which is in
the direction of the orthodontic forces.
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