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Stress distribution pattern in a root of maxillary central incisor having

various root morphologies

A finite element study

Ranjit H. Kamblea; Sameer Lohkareb; Pushpa V. Harareyc; Ram D. Mundadad

ABSTRACT
Objective: To investigate stress distribution in the roots of maxillary central incisors bearing
various types of root morphologies with regard to application of different types of orthodontic forces
using the finite element model (FEM).
Materials and Methods: FEMs of maxillary central incisors with different root morphologies
(normal, short, blunt, dilacerated, and pipette) were constructed, and orthodontic forces in various
directions (intrusion, extrusion, tipping, and rotational) were applied to the tooth axis at the bracket
level.
Result: On application of various forces, significantly increased stress was seen at the apex of the
root with dilacerated morphology and at the cervical one-third region of the tooth with the short root.
Increased stress was observed at the middle one-third region in the tooth with the pipette-shaped
root during intrusion and extrusion.
Conclusions: In the present study, the stress distribution pattern indicates that the maxillary
central incisors with deviated root morphology are at higher risk of root resorption. (Angle Orthod.
2012;82:799–805.)
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INTRODUCTION

Root resorption is a biological response to an
orthodontic force. Massler and Malone1 stated that
root resorption occurs in 100% of orthodontic patients.
It is suggested that the RANKL to OPG ratio in
periodontal ligament (PDL) cells also contributes to
root resorption during orthodontic tooth movement.

In cases of severe external apical root resorption,
the compressed PDL cells may produce a large
amount of RANKL and up-regulate osteoclastogen-

esis. This explains the greater increase of RANKL and
decrease of OPG in cases of severe root resorption.2

In a comparative study using radiographs taken
before and after treatment, Sameshima and Sinclair3

reported that teeth with abnormal root morphologies
frequently show external root resorption, compared to
normal root morphology. Mirabella and Årtun4 found
that with an abnormal root shape, if orthodontic force is
concentrated at a particular region of the deviated root
shape root resorption may occur. Lee et al.5 stated that
it is possible that patients with dental anomalies are at
increased risk for apical resorption during orthodontic
treatment. The mechanism may be that cementum and
dentin are affected during root formation in such
patients, thus reducing the ability of the cementum
and dentin to resist resorption in situations involving
excess of pressure. According to the deviated root
shape, if an orthodontic force is concentrated at a
particular region of the root, root resorption may occur.

One analytical approach to studying stress during
tooth movement, one that allows for reasonable
approximation of the biological tissues, is the finite
element model (FEM). The FEM is a noninvasive,
accurate method that permits detailed analyses of
tooth movement. In addition, it provides one with
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quantitative data that increase understanding of the
physiologic reactions that occur after force application
and that may yield an improved understanding of the
reactions and interactions of individual tissues. Such

detailed information and accurate analysis of the
stresses and strain in the tissues are difficult to obtain
using any other experimental technique because of the
interaction of the surrounding investing tissues, which

Figure 1. Various root morphologies. (A) Normal root morphology. (B) Short root morphology. (C) Blunt root morphology. (D) Dilacerated root

morphology. (E) Pipette root morphology.
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may then distort the data obtained for any individual
material response.6

However, no biomechanical study has been done
that clarifies the influence of different orthodontic
forces (intrusion, extrusion, tipping, and rotational) on
various root morphologies (normal, short, blunt,
dilacerated, and pipette) during orthodontic force
application. Thus, the present study aims to study
the effects of different types of orthodontic forces on
various types of root morphology using the FEM
model.

MATERIALS AND METHODS

Preparation of FEM

Three-dimensional FEMs of permanent maxillary
central incisor, periodontal ligament, and alveolar bone
(cancellous bone) with normal root morphology, and
their four variations, as classified by Levander and
Malmgren,7 were prepared using Ansys version 10
software (Figure 1A–E).

Model A was constructed with a normal root shape
with a crown length of 10.5 mm and a root length of
13.0 mm based on the data derived from Wheeler’s
Dental Anatomy, Physiology and Occlusion.8 Four
other models (B, C, D, and E) with various root shapes
were constructed. Model B had a short root length
(8 mm), model C a blunt root, and model D a distally
bent root, while in model E the root was pipette
shaped, with constriction at the middle one-third root.
The periodontal membrane that surrounded the root
surface was 200 mm thick, and the alveolar bone was
represented by cancellous bone of 2.0-mm thickness.

Material Properties

Each structure of the central incisor (ie, the enamel,
dentine, and pulp; periodontal ligament; and cancel-
lous bone) was meshed using an auto-meshing routine
in the finite element analysis program. The material
properties for all models were defined as linear and are
shown in Table 1.

Boundary Conditions and Solution

The element shape described in the model was a
solid 10-noded tetrahedral. The FEM approximately

consisted of 125,891 elements and 21,732 nodes.
Nodes at the mesiodistal and the bottom surface of the
alveolar bone were restricted within 6 degrees of
freedom.9

An area of 3.3 3 4.8 mm was fixed as the loaded
portion, assuming a size reflected by the size of the
bracket (Figure 2). Experimental orthodontic forces in
various directions to the tooth axis were applied to the
bracket base area, as stated in Table 2. Stresses and
strains for each model on application of each force
were calculated with Ansys 10 software using linear
structural analysis.

RESULTS

The stress distribution (compressive and tensile) on
the central incisor under various conditions is shown in
Figures 3 through 6. All models had a tendency to
concentrate stress at the cervical area when intrusive,
extrusive, tipping, and rotational forces were applied
(Table 3). No significant stress concentration was

Table 1. Material Parameters Used in the Finite Element Model

Material

Young’s Modulus,

N/mm2

Poisson’s

Ratio

Enamel 8.41 3 104 0.33

Dentin 1.83 3 104 0.30

Periodontal ligament 6.90 3 101 0.45

Bone 1.37 3 104 0.30

Figure 2. Area of force application.

Table 2. Force System Applied

Force Type Force Magnitude, g Direction

Intrusion 15 g Intrusion force acting

parallel to the long axis

and toward the apex of

tooth from center of

crown

Extrusion 50 g Extrusion force acting

parallel to long axis

and toward the incisal

edge of tooth from

center of the crown

Rotation 50 g Horizontal force along

the disto-facial and

mesiolingual line an-

gles of the incisor in

opposite directions

Tipping 50 g Horizontal force in a dis-

tal direction applied

perpendicular to long

axis of the tooth
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observed in the root of model A (normal root shape)
when various forces were applied (Table 3).

In model B (short root), when the experimental
orthodontic forces were applied, an area of high-level
stress was observed at the cervical of the root
(intrusion, 0.01 N/mm2; extrusion, 0.04 N/mm2; tipping,
0.02 N/mm2; and rotation, 0.1 N/mm2).

Model C (blunt root apex) showed no significant
stress concentration in the plot patterns (Table 3).
When intrusive and extrusive forces were applied, the
area of high-level stress increased in model C
compared with model A, but when tipping and rotation
forces were applied, it decreased in model C com-
pared with model A.

Figure 3. Effect on application of intrusion force on various root morphologies. (A) Intrusion force on normal root. (B) Intrusion force on short root.

(C) Intrusion force on blunt root. (D) Intrusion force on dilacerated root. (E) Intrusion force on pipette root.

Figure 4. Effect on application of extrusive force on various root morphologies. (A) Extrusion force on normal root. (B) Extrusion force on short

root. (C) Extrusion force on blunt root. (D) Extrusion force on dilacerated root. (E) Extrusion force on pipette root.
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Figure 5. Effect on application of tipping force on various root morphologies. (A) Tipping force on normal root. (B) Tipping force on short root. (C)

Tipping force on blunt root. (D) Tipping force on dilacerated root. (E) Tipping force on pipette root.

Figure 6. Effect on application of rotational force on various root morphologies. (A) Rotational force on normal root. (B) Rotational force on short

root. (C) Rotational force on blunt root. (D) Rotational force on dilacerated root. (E) Rotational force on pipette root.
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During orthodontic force application, model D
(dilacerated root apex) showed a significant stress
concentration at the middle (intrusion, 0.002 N/mm2;
extrusion, 0.009 N/mm2; tipping, 0.009 N/mm2; and
rotation, 0.008 N/mm2) and apical (intrusion,
0.000141 N/mm2; extrusion, 0.000622 N/mm2; tipping,
0.000309 N/mm2; and rotation, 0.000805 N/mm2).

Model E (pipette shape) showed a stress concen-
tration at the middle of the pipette-shaped root
(Table 3).

DISCUSSION

In this study, experimental orthodontic force was
applied to five FEMs with various root shapes, and
their stress distribution on the root was evaluated. The
forces were applied to the surface, assuming a bracket
base, for the intrusion, extrusion, tipping, rotation, and
bodily movement that are normally used in clinical
practice.

For model A, which had a normal root shape when
forces were applied, no significant stress concentration
was observed at the root (Table 3). In model B (short
root), significant stress was concentrated at the neck
of the root. This finding is related to the alteration of the
crown-root ratio. A decrease in the ratio of the root to
the crown is thought to enhance loading on the root,
resulting in significant stress. Taithongchai et al.10 and
Thongudomporn and Freer11 reported that roots with a
short apex enhanced root resorption, which supports
the findings of the present study.

Model C (blunt-shaped root) showed no significant
stress concentration at the root. The stress level at the
root apex was increased during intrusion and extrusion
and decreased during tipping and rotation compared
with model A. The biomechanical burden on the root
apex is likely to increase during intrusion and extrusion
and to decrease during rotation and tipping in blunt-
shaped compared with angular-shaped roots. These
findings are partly in accordance with the results of
Thongudomporn and Freer11 and Levander and Malm-
gren.7 In their radiographic studies they reported that
blunt-shaped roots frequently showed root resorption
when compared with normal roots. The reason for this

difference may be related to genetic or other predis-
positions. Newman12 reported that a congenital blunt-
shaped root results from physical defects and genetic
factors during the root formation stage.

In model D (dilacerated root apex), stress was
concentrated at the middle and apical regions of the
root during intrusive, extrusive, tipping, and rotational
force application. The results concerning stress distri-
bution on the dilacerated root shape are in agreement
with the findings of Levander and Malmgren7 and
Mirabella and Årtun,4 who reported that a bent shape
induced root resorption.

For model E (pipette shape), regardless of the
direction of force application, stress was concentrated
at the middle of the root. In their radiographic studies,
Thongudomporn and Freer11 and Sameshima and
Sinclair3 described that teeth with a pipette-shaped
root apex enhanced root resorption. The findings of the
present investigation support their results.

The present study clarified stress distribution at the
root apex due to various root shapes. In the short,
dilacerated, blunt, and pipette-shaped roots, stresses
were significantly concentrated at the root, and,
therefore, close attention must be paid to deviated
root shape.

Kook et al.13 reported that teeth with a deviated root
shape (ie, peg shaped or with short roots) do not
always suffer from root resorption. This is thought to be
related to risk factors other than mechanical factors.
Al-Qawasmi14 stated that genetic predisposition influ-
enced external root resorption.

CONCLUSIONS

N Deviated roots, such as short, dilacerated, blunt, or
pipette-shaped roots, resulted in a greater loading of
the root than did normal root shapes during
orthodontic force application. These deviations may
result in the patient being prone to root resorption. It
is therefore important to evaluate the root shape at
the beginning of orthodontic treatment.

N Dilacerated root morphology was seen to be the
most affected root morphology for stress concentra-
tion, followed by the pipette-shaped root.

Table 3. Statistical Analysisa

Type of Force Applied

Stress Produced in Different Areas of the Root

Normal Root Short Root

C M A C M A

Intrusion 0.0045 0.0000341 0.000007 0.01 0.0006 0.0000466

Extrusion 0.0125 0.005 0.0000267 0.04 0.005 0.000119

Tipping 0.025 0.000151 0.0000837 0.025 0.000037 0.0000693

Rotation 0.025 0.0000668 0.0000423 0.1 0.009 0.000206

a All the values are in N/mm2. C indicates cervical area; M, middle one-third areas; and A, apical area.
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Stress Produced in Different Areas of the Root

Blunt Root Dilacerated Root Pipette Root

C M A C M A C M A

0.009 0.000061 0.0000245 0.005967 0.002778 0.000141 0.004713 0.003182 0.0000627

0.025 0.005 0.00016 0.013512 0.00926 0.000622 0.015711 0.010606 0.000247

0.025 0.000107 0.0000886 0.025 0.009 0.000309 0.025 0.0000693 0.0000945

0.025 0.000107 0.000511 0.02738 0.008047 0.000805 0.025 0.0000631 0.000206

Table 3. Extended
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