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Abstract

Objective. The aim of this paper was to analyze the
distribution of stress and deformation on the man-
dibular first premolar under two types of loading
(axial and para-axial load of 200 N) using the FEM
computer method. Materials and Method. For this
research a ICT scan of the first mandibular premolar
was used, and the method used in this research was
FEM analysis under two types of loading. Results. The
values of the von Mises stress measured in the cervical
part of an intact tooth under axial load were up to 12
MPa, and under paraaxial load over 50 MPa. The val-
ues of the stress measured on the bottom of the non-
carious lesion are very high ~ 240 Mpa. Stress values
in the cervical part of the intact tooth are higher in
the zone of the sub-surface enamel. The deformation
values of the tooth under para-axial loading were ~ 10
times higher than the value of the deformation under
axial load. The greatest deformations were seen in the
area of the tooth crown. Conclusions. Occlusal load-
ing leads to significant stress in the cervical part of

teeth. The values of the measured stress are greater un-
der the action of paraxial load. The values of stress in
abfraction lesions measured under a paraxial load are
extremely high. Exposing the lesion to further stress
will lead to its deepening. The total deformation of the
entire tooth under paraxial load was = 10 times higher
compared to the deformation value of the tooth under
axial load.

Key Words: Mandibular first premolar * Morphology
= Abfraction ® FEM = Stress ® Deformation.

Introduction

Morphological Characteristics of the
Mandibular First Premolar

The mandibular first premolar is a specific
tooth in form and function. It could be con-
sidered as a transitional form between the
lower canine and the mandibular second
premolar because it has some characteris-
tics of both. Although it has the morpho-
logical characteristics of the posterior teeth,
the lower first premolar has a masticatory
function similar to the canine (1). Due to
the lingual inclination of its crown, its oc-
clusal surface does not lie perpendicular to
the long axis of the root (2). The mandibular
first premolar has a large buccal cusp with
the tip located near the center of the occlusal
surface, and it is only an occluding cusp. The
contact of the buccal cusp during articula-
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tion and/or occlusion with an antagonist
tooth is not on its very tip, but rather on the
buccal surface of the buccal cusp. Having in
mind the prominent crown inclination of
the first mandibular premolar and its specif-
ic contact area, it is easy to pose the question
on their contribution to the mechanism of
the distribution of occlusal forces. The du-
rability of teeth depends on occlusal forces
and the distribution of those loads.

The mandibular first premolar is the
tooth with the highest prevalence of non-
carious cervical lesions, as determined in
previous studies. (3-6). A specific clinical
phenomenon called abfraction is related to
the distribution of stress along the tooth.
An abfraction lesion is a type of noncari-
ous cervical lesion (NCCL) in the form of
the microstructural loss of dental tissue,
due to the action of biomechanical occlusal
forces in the area of the highest stress con-
centration - the cervical region. This loss of
hard dental tissue in the cervical part of the
tooth was termed abfraction by Grippo (7)
in 1991, precisely to make a distinct from
lesions caused by erosion and abrasion.
The incidence and severity of noncarious
cervical lesions increase with the age of the
patient (8, 3). The presence of noncarious
cervical lesions of different morphologies
influences the biomechanics of the cervical
tooth region. A three-dimensional finite el-
ement analysis (FEM) proved to be a good
experimental model in research to help un-
derstand the complex biomechanics of dif-
ferent tooth regions in other teeth (9). The
aim of this paper was to evaluate the influ-
ence of different occlusal loads on the man-
dibular first premolar in the process of the
formation of cervical lesions. FEM analysis
enables an understanding of the complex
process of development and progression of
NCCL, considering the specific morphology
of mandibular first premolars.

Material and Methods

A mandibular first premolar was scanned by
micro computed tomography (uCT) scan-
ner (SkyScan 1076 Kontich, Belgium). A
volumetric 3D CAD tooth model was cre-
ated using program packages MATLAB
(MathWorks, Inc., Natick, USA) and Creo
Parametric 1.0 CAD software. On one tooth
model a wedge-shaped abfraction lesion,
a— V lesion, was modeled. The models were
exported to the finite element analysis soft-
ware ANSYS Workbench (14.0) and a finite
element mesh of the models was made by di-
viding the tooth into a large, but finite, num-
ber of smaller structural triangle elements,
connected by nodal points. The properties
of the tooth material, Young's modulus and
Poisson's ratio were used for all tooth tis-
sues. The model was fixed to allow displace-
ment under load by 300um, equal to the
average thickness of the periodontal liga-
ment. The presence of contact points with
adjacent teeth was also simulated. Axial and
para-axial loads of 200 N were simulated on
the models. To record the complex stress
measured in (MPa), von Mises stress (VMS)
was used.

A detailed description of the method-
ology of the study was given in our paper
published in Eur J Dent 2016; 10: 413-8.
Biomechanics of the cervical tooth region
and noncarious cervical lesions of different
morphologies; a three-dimensional finite el-
ement analysis / Published by Wolters Klu-
wer — Medknow (9).

Results

Stress distribution, as well as the type of de-
formation, differs in intact first mandibular
premolars compared to those with non-
carious cervical lesions, and depends on the
type of loading (axial or paraxial). A par-
axial load of 200 N causes almost five times
higher stress in the cervical part of an intact
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Figure 1. Stress distribution in a mandibular first premolar under axial (a) and paraxial loads (b) of 200 N. The
values of von Mises stress measured in the cervical part of the intact tooth under axial load rise up to 12 MPa,
while the stress in the same area of the tooth is almost 5 times higher under the action of paraxial forces, and

is over 50 MPa.

Figure 2. Stress distribution in a mandibular first premolar without lesions (a and b), and with an existing lesion
(c) under a 200 N paraxial load. The values of the stress measured inside the tooth model with an abfraction
lesion are higher within all dental tissues compared to the intact tooth.

first mandibular premolar compared to an
axial load of the same intensity (Figure 1).
On a tooth with a cervical lesion, the stress
caused by a paraxial load inside all dental
tissues becomes even higher (Figure 2). The
stress measured on the non-carious cervi-
cal lesion is the highest at its bottom (= 240
MPa). Although significantly lower stress
is presented in an intact tooth, it becomes
higher in the zone of the sub-surface cervi-
cal enamel, suggesting that the initial frac-
ture of the enamel could occur in these lay-
ers (Figure 3).

A paraxial load also causes tensile stress
(+) on the buccal side of the intact tooth
and compressive stress (-) on the oral side
(Figure 4). The values of the deformation of
the tooth under para-axial loading were =
10 times higher than the deformation of the
tooth under axial load. The greatest defor-
mations were seen in the area of the tooth
crown (Figure 5). Different types of load-
ing cause different types of deformation in a
tooth with a cervical lesion. When paraxial
load occurs on the tooth with a cervical le-
sion the deformation is greater (0.176 mm)
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Figure 3. Stress distribution on the sagittal section of a tooth with a lesion (a) and a tooth without a lesion (b)
under a paraxial load of 200 N. The values of the stress measured at the bottom of the non-carious lesion are
very high (= 240 MPa). It was noted that the stress values in the cervical part of the intact tooth are higher in the
zone of the sub-surface enamel, suggesting that the initial fracture of the enamel could occur in these layers.

a b

Figure 4. Distribution of principal stresses (Maximum Principal Stress) on the intact tooth. Under paraxial load,
tensile stress (+) was present on the buccal side of the tooth (a) and compressive stress (-) on the oral side (b).

a b

Figure 5. Distribution of deformation under axial (a) and para-axial loads (b) of 200 N.
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Figure 6. Type of deformation under a paraxial and axial load of 200 N on the tooth with a lesion. The highest
values of deformation of the teeth were seen on the model with a cervical lesion, under an axial load at 0.019

mm, paraxial load at 0.176 mm.

compared to cases when an axial load oc-
curs (0.019 mm) (Figure 6).

Discussion

The highest stress on the intact tooth model
under both types of load was observed in
the occlusal contact regions, under an axi-
al load of 205 MPa, and a paraxial load of
220.02 MPa (Figures 1 and 2a and b). The
activity of the occlusal load led to significant
stress in the cervical region of the teeth. The
von Mises stress measured in the cervical
part of the tooth under axial load was up to
12 MPa, while in the same part of the tooth
under paraxial load the stress measured was
more than 50 MPa. Similar findings were
presented by Rees (10), De las Casasa (11),
Tanaka (12) and Kuroa (13).

It is known that the dental structures, es-
pecially the enamel, have significantly great-
er compressive strength than tensile, and
are much more sensitive to tensile strain-
ing than compressive (14). Our findings
showed that the buccal surface of the tooth
is exposed to the more unfavorable type of
stress — tensile stress. In the study by Rees
(15), Yaman (16) and Bor¢i¢ (17) the values

of Maximum Principal Stress on the buccal
side of the tooth range from 60-90 MPa, and
are similar to our findings, where the Maxi-
mum Principal Stress noted on the buccal
side of the tooth (tensile stress) was 94.998
MPa (Figure 4).

By analyzing the mechanisms of the
formation of abfraction lesions, Rees and
Hammadeh (18) developed a theory about
the possible undermining of the enamel due
to the concentration of force on the enamel-
dentin border. Our analysis confirms the
observations of these authors that the stress
in the cervical part of the teeth is greater in
the sub-surface than in the surface zone of
the enamel, which is clearly visible on the
images of the sagittal section of the tooth
(Figure 3b).

If we compare models with a cervical le-
sion and the intact tooth model, we can see
different types of stress distribution. The
breakdown of the enamel and dentine conti-
nuity on the model with a lesion caused in-
creased stress, with a concentration of stress
around the apex/bottom of the lesion. The
values of stress were higher in all dental tis-
sues compared to the intact tooth, while the
stress values under paraxial loading at the
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bottom of the lesion were very high, mea-
suring 266.13 MPa (Figure 3a). The results
of this analysis show that the bottom of the
cervical lesions concentrates stress under
loading, and further exposure of the lesion
to stress will lead to the lesion’s progression.

The type of deformation of the tooth
model depended on the type of load. The de-
formation values of the tooth under paraxial
loading were = 10 times greater than the
deformation value of the tooth under axial
load (Figures 5 and 6). The maximum values
of tooth deformation were seen in the tooth
model with a cervical lesion (Figure 6). The
most prominent deformations were seen in
the area of the tooth crown, especially on
the occlusal surface and the tip of the buccal
cusp. The deformation values decreased as
they approached the apical area (Figure 5b).

Axial load caused the greatest deforma-
tion on the buccal surface of the tooth. The
deformation decreased moving towards the
lingual side (Figure 5a). This finding of tooth
deformation, even in the central occlusion,
indicates that the morphology, as well as the
occlusion, of the mandibular first premolar
is specific and often leads to an unfavorable
distribution of stress, which could be the
reason for the frequent finding of noncari-
ous cervical lesions on these teeth. Various
types of FEM models with NCCL of differ-
ent depth and/or different shape could give
more information on progression of NCCL.

Conclusions

The greatest influence on the intensity of
stress in dental tissues comes from the type
of load on the teeth. The values of the mea-
sured stress are greater under the action of
a paraxial load. Occlusal loading leads to
significant stress in the cervical part of the
teeth, although this region is not directly ex-
posed to the effect of mastication forces. The
values of stress in an abfraction lesion mea-
sured under a paraxial load are extremely

high. Lesions with expressed geometric dis-
continuity (V lesions) lead to the concen-
tration of high stresses at the bottom of the
tooth. Exposing the lesion to further stress
will lead to its deepening. The total deforma-
tion of the entire tooth under paraxial load
was ~ 10 times higher than the deforma-
tion of the tooth under axial load. The pat-
tern of the deformation of the teeth differs
depending on the type of load. The greatest
deformation under load was measured on
the tooth model with an existing abfraction
lesion. Although FEM analysis gives realis-
tic simulation and stress measurements, bio-
logical variations of tooth morphology, dif-
ferent types of intercuspidation and habitual
occlusion are factors that limit this type of
analysis. Also, the acting occlusal force in
this research is assumed as static, while in
reality there is always dynamic force, with a
relatively large number of repetitions.

What Is Already Known on this Topic:

Noncarious cervical lesions (NCCL) are more often found
on the mandibular first premolars compared to other types
of teeth. FEM analysis has proved to be a useful method for

experimental research on mechanical forces in human tissues.

What this Study Adds:

Numerous studies by means of FEM analysis have mainly
focused on the biomechanics of bone tissue. This study con-
tributes to understanding the connection between the specific
morphology of the mandibular first premolar and the action of
axial and paraxial forces on the development and progression
of NNC lesions.
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