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ABSTRACT

Objectives: This study was conducted to evaluate stress pattern distribution in the periodontal ligament
during various orthodontic tooth movements. Methods: A 3 dimensional FEM model of upper central
incisor was developed from C.T scan images of the skull excluding the mandible. The principal stress
obtained on the periodontal ligament due to various orthodontic loadings (tipping, bodily movement,
intrusion, extrusion and rotations) were tested. Results: Intrusion, extrusion and rotation produced stresses
concentrated at apex of root. Bodily movement and tipping forces produce stress concentrated at the alveolar
crest and not at the root apex. Conclusion: Clinical implications of this study suggests that if the clinician is
concerned about placing heavy stresses on the root apex then vertical and rotational forces must be applied
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with caution.
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INTRODUCTION

The application of external forces to the
teeth to produce orthodontic tooth
movement carries some calculated risk .
The most concerned risk is irreversible
root resorption. The type of orthodontic
tooth movement that have been reported
to increase the risk of root resorption
includes intrusion and tipping , as well as
bodily movement into the lingual cortical
plate of the maxilla.'

Different type of orthodontic tooth
movement may produce different
mechanical stress at varying location
within the root. These stresses are
important ramification in the study of
orthodontic tooth movement and
periodontal research because these
stresses can be detrimental to periodontal
health particularly in adult orthodontic
patient.”

In vivo measurement of stress is difficult
at best thus, development of effective
model or system is worthy goal.
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Previously, resulting stresses within the
periodontal ligament were studied with
the use of both analytical and physical
models like double exposure laser
holographic interferometry, reflection
studies , displacement transducer .™*

In the last decade the application of
finite element method (FEM) has
revolutionized dental biomechanical
research. The technique has been
described in detail in an early standard
textbook by Zeinkiewicz.’

FEM is defined as a technique of
discrediting a continuum into simple
geometric shapes elements, enforcing
material properties and governing
relationship on these elements giving due
consideration to loading and boundary
conditions which results in set of
equation, solution which gives the
approximate behaviour of the continuum.
FEM has many advantages over other
methods highlighted by the ability to
include heterogenicity of tooth material
and irregularity of tooth contour.’



But still there is insufficient knowledge of the
magnitude, direction & distribution of the forces
applied in orthodontic therapy & also their effect on the
tooth & surrounding supporting structures. The
purpose of this study is to evaluate distribution of stress
pattern for various orthodontic tooth movement using a
mathematical model of tooth with appropriate
supporting structures, constructed by means of
FEM.

Maxillary central incisor was chosen because it
undergoes most detailed tooth movement and is at
higher risk for root resorption than all other teeth
except the maxillary lateral incisor.’

MATERIAL & METHODS
Finite Element Model:

In this study FEM model of upper central incisor was
developed from a dry humanskull excluding the
mandible. Sequential CT scan images were made at the
sliced thickness of 0.625 mm intervals in the axial and
coronal direction, parallel to the Frankfort horizontal
plane. The image section in CT were obtained in
DICOM (Digital imaging and communication of
medicine). This three dimensional data was
reconstructed to give a three dimensional model using
a software called Pro/ Engineer (Parametric
technology corporation, USA).

Geometric surface were joined by the lines together.
Each incremental layer created was compiled one
above the other in axial and coronal direction and
joined by lines. Lines were joined to create areas and
thus the model of maxillary central incisor was created.

The geometric model was converted into the finite
element model (Figure 1), the process known as
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Finite element model of the tooth and
supporting structure

Figure 1:
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meshing. The complete geometry is defined as an
assembly of discrete pieces called elements and is
connected together at finite number of points called
nodes. In the present study the model consisted of
45317 nodes and 257787 elements. Periodontal
ligament was simulated 0.25 mm thick layer around
the root.

Each structure was then assigned a specific material
property. The different structures in the finite element
model are enamel, dentine, periodontal ligament and
alveolar bone. The material properties used in this
study have been taken from finite element studies
previously conducted. These material properties were
the average values reported in the literature.® (Table 1)

Table 1: Material Parameter's

. Young’s modulus | Poisson’s
Material (N/mm?) Ratio
Enamel 8.41 x 10" 0.33
Dentin 1.83 x 10* 0.30
Periodontal ligament 6.90 x 10" 0.45
Bone 1.37 x 10° 0.30

Application Of Forces:

The loading configuration was designed to simulate
conventional orthodontic tooth movement.” ( Table 2)

Table 2: Force System Applied

Force
Magnitude
(gm)

Force

Type Direction

Intrusion force acting parallel to
the long axis of tooth at centre of
crown, which coincide with the
base of the bracket slot
Extrusion force acting parallel to
long axis of tooth at centre of the
crown

Horizontal force along the line
angles of the incisor in opposite
directions at mid point
Horizontal force in a lingual
direction applied perpendicular
to long axis of the tooth at mid
point

Horizontal force in a lingual
direction with a couple in a
buccal crown direction at centre
of the crown

Intrusion 25 gms

Extrusion | 25 gms

Rotation 25gms

Tipping 25 gms

Bodily

Movement 25 gms

The sequential application of the above steps leads to a
system of algebraic equations where the nodal
displacements are unknown. These equations are
solved by frontal solver technique present in the



ANSY S software.

The resulting principle stress is evaluated and used to
determine the pattern of stress distribution during
various orthodontic movements. These stresses are
expressed as compressive stress (which are negative)
or tensile stress (which are positive).

RESULTS
Intrusion

When 25 gms of intrusive force was applied parallel to
long axis of the tooth on the labial surface at the
midpoint of the crown it produced compressive stress
as high as -0.0013N/mm’ near the apex of the PDL on
labial side and tensile stress as high 0.0091N/mm’ at
the cervical region on labial side & apex on the lingual
side (Figure 2).

The stress was found to be mainly concentrated at
the apex. The stress found at the apical region was -
0.0019 N/mm’. It was mainly compressive in nature
(Figure 2).

NODAL SCLUTION
STEP = 3
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Figure 2: Stress distribution in PDL during intrusion

Extrusion

When 25gms of extrusive force was applied parallel to
the long axis of the tooth on the labial surface at the
midpoint of the crown it produces tensile stress as high
as 0.0016N/mm’ near the apex of the PDL on labial
side and compressive stress as high as -0.0070 N/mm’
is seen near the cervical margin on the labial side and
apex on lingual side (Figure 3).
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Figure 3: Stress distribution in PDL during extrusion

The stress was found to be mainly concentrated at the
apical region. The stress at the apical region was
0.0018 N/mm’. It was mainly tensile in nature (Figure
3).

Rotation

When 25gms of horizontally directed forces were
applied in opposite directions along the line angles of
the crown (Figure 4), the stress was distributed along
the periodontal ligament with a general lack of any
specific area of excessive stress. The compressive
stress as high as -0.0068 N/mm’ was seen at the apical
region and cervical margin. Tensile stress as high as
0.0081 N/mm?2 was seen at the apical region and
cervical margin (Figure 4).

The apical region showed stress of -0.0016 N/mm’. It
was mainly compressive in nature (Figure 4).

Figure 4: Stress distribution in PDL during rotation



Tipping

When 25gms of tipping force was applied
perpendicular to long axis of the teeth on the labial
surface at the midpoint of the crown (Figure 5), it
produced compressive stress as high as -0.0064 N/mm’
at the cervical margin on the lingual side and tensile

stress was 0.0016 N/mm’ at cervical margin on the
labial side.

Stress at the apical region was found to be 0.00018. It
was tensile in nature (Figure 5).

AN

Figure 5 : Stress distribution in PDL duri_ng tipping
Bodily Tooth Movement

The compressive stress was found to be as 0.0083
N/mm’ and was uniformly distributed on lingual side,
and on labial side towards cervical region. Tensile
stress along the labial side was found to be 0.0087
N/mm’ and uniformly distributed but more towards
cervical region.

These stresses were seen to be distributed uniformly
throughout the PDL but stress concentration was found
to be more at cervical region (Figure 6). The stress
concentration at the apical region was found to be -
0.00030 N/mm”. It was compressive innature (Figure 6).
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Figure 6 : Stress distribution in PDL during bodily movement
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DISCUSSION

This study was undertaken to evaluate the stress
pattern in the periodontal ligament during various
orthodontic tooth movements on the crown surface of
maxillary central incisor by means of the finite element
method.

Intrusion

In the past, intrusive movement of the teeth has been
considered difficult and most routine clinical vertical
movement of teeth has been confined to extrusion
Attempts at intrusion may result in an increased
incidence of root resorption and also in occasional
devitalization.’

In this present study intrusive stress was produced with
the application of optimal intrusive forces of 25 gms as
proposed by Rudolph' (Table 2).

The stress was found to be low, well below the optimal
stress value of 150 and 250 g/cm” as suggested by Lee."

In this study the stress was found to be mainly
concentrated at the apex and it was compressive in
nature. It was observed that area of periodontal
ligament immediately adjacent to the point of force
application comes under tensile stress (Figure 2). This
may be due to the fact that the intrusive force was
applied parallel to the long axis on the centre of clinical
crown and not along the long axis.

These findings are in agreement with the study
conducted by Wilson AN et al."” The stress profiles
here were similar to other finite element studies
conducted by, David Rudolphetal', Allahar Geramy."”

Extrusion

In this present study extrusive stress was produced
with the application of optimal extrusive forces of
25gms as proposed by Rudolph.1 (Table no. 2).The
stress value was found to be within the optimal stress
value suggested by Lee."”

In this study stress was found to be mainly
concentrated at the apex. It was mainly tensile in
nature. It was observed that area of periodontal
ligament immediately adjacent to the point of force
application comes under compressive stress (Figure 3).
This maybe due to the fact that the extrusive force was
applied parallel to the long axis on the centre of clinical
crown and not along the long axis. These findings are



in agreement with the study conducted by Wilson A.N
etal."”

The stress profiles here were similar to other finite
element studies conducted by, David Rudolph et al.’

The stress values and the stress pattern were not similar
to those found by Wilson AN et al  whose study shows
maximum stress accumulation at cervical region of
PDLi.e. 0.0046 N/mm’, whilst the apical stress was
0.00205 N/mm’. So the work of Wilson AN et al shows
during extrusive movement maximum stress
accumulation occurs at cervical region which
contradict with results of the present study.

This difference may be attributed to the difference in
type of tooth and magnitude of forces applied by
WilsonAN etal."

Rotation

In this study rotational stress was produced with the
application of optimal rotational forces of 25gms along
the line angles of the crown as proposed by Rudolph'
(Table 2). The stress values were found to be within
the optimal stress value suggested by Lee ."”

In this study the stress was mainly seen to be
concentrated at the apex of the tooth. It was
compressive in nature. During stress distribution lack
of areas of high mechanical stress on the periodontal
ligament was observed.

The stress pattern in this present study was found to be
similar to the study conducted by David Rudolph etal.'

Tipping

Tipping is the simplest form of tooth movement. In this
study tipping stresses were produced with the
application of optimal labio-palatal tipping force of 25
gms as proposed by Rudolph' (Table 2). In this present

study stresses produced were found to be within the
optimal stress values as suggested by Lee."”

In the present study when tipping force was applied it
was found that stress was mainly concentrated at the
cervical margin. At the cervical region compressive
stress was seen on the lingual side and tensile stress on
the labial side. This study also showed that most of the
stresses were concentrated at the crest of the alveolar
bone and not at the apex.

These stress patterns were found to be similar to other
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finite element studies conducted by David Rudolph et
al', Mc Guiness etal’, Allahyar Geramy."

It will be noted that the stresses in periodontal ligament
declines very rapidly as the apex is approached the
consistently higher levels of stress found at the cervical
margin suggest that this might be expected to be a
frequent area of hyalinization during secondary tooth
movement .’

Bodily Movement

In the present study a force of 25 gms was applied at the
centre of the clinical crown in labio-palatal direction. A
counterbalancing force of 15.8gms was applied at the
incisal tip in the palato-labial direction. So the net force
applied was 9.2gms to move the tooth palatally.

The stresses were found to be evenly distributed
throughout the length of the periodontal ligament but it
was more concentrated at the alveolar crest. In the
present study the stress produced was found to be
below the optimal values suggested by Lee."

The stress patterns and trends were found to be similar
to the other finite element studies conducted by David
Rudolphetal.’

Although stresses varied from cervix to apex, they
were more constant than in tipping movements . These
findings suggest that the translatory movements may
be more physiologic, which was suggested in the
previous histologic studies because of the lower and
more uniform stress distribution in periodontal
ligament.

CONCLUSION

On completion of the study , the following conclusions
can be drawn from the findings of the present study:

1) The 3-dimentional FEM model is useful in
analyzing the stress that occurs in and around a
tooth in response to orthodontic forces.

The greatest amount of relative stress at the apex of
maxillary central incisor occurred with Intrusion,
Extrusionand Rotation.

2)

3) Bodily movement and tipping forces produce
stresses concentrated at the alveolar crest and not

atthe root apex.

Clinical implication of this study suggests that if
the clinician is concerned about placing heavy stresses
on the root apex, then vertical and rotational forces
must be applied with caution .



In the future it is anticipated that the finite element
approach can be integrated with animal and clinical
experiments to address key questions such as optimal
stress and the relation of stress to tooth movement and
bone remodelling."”

Finally it can be concluded that this tri-dimensional
model is a useful example to investigate the
biomechanism of dental movement, keeping in mind
that it is more valid as a qualitative study.
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