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Abstract— The purpose of this study was to evaluate the stress distribution on four different
peri implant bone types when loaded with three different implant lengths subjected to vertical
and oblique forces in the mandible. 12 three-dimensional finite element models of the
edentulous mandible simulating Type 1, Type 2, Type 3 and Type 4 bone quality according to
the classification system of Lekholm and Zarb were created from a computerized tomography
image by using the Hypermesh 13.0. Software program, which were loaded with three different
implant lengths of 8mm, 11.5mm and 13mm (with titanium abutment and screw retained
zirconia crown) modelled in the first molar region. A total force of 300 N was applied in the
locations of the central fossa (300 N) in a vertical direction and a total oblique force of 300 N
with a 30-degree angle was applied in the locations of the mesiobuccal cusp (150 N) and the
distobuccal cusp (150 N) of the first molar. Lesser stresses were created in the peri implant
bone by shorter implant lengths in all the four bone types as compared to longer implant
lengths when loaded in vertical direction as opposed to on oblique direction.
Keywords— bone-implant interface, cortical bone, mandible

I. INTRODUCTION
Understanding of implant biomechanics in depth is
important to enhance treatment modalities and avert any

availability has been a crucial factor in implant
restorative dentistry as it dictates the external structure or
volume of the edentulous area.
Factors such as type of implant surface, bone quality

possible functional adversities and thereby failures. Bone
Research Article
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affects the degree of osseointegration and adaptive
responses

to

changes

in

bone

metabolism

and
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transmission of masticatory forces. Stress values and
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qualities of the implant supported bone.

stress distributions are influenced by the various bone

Van Oosterwyck et al [1], in his study had discussed
that the primary stability and survival rate of implants is
affected by the quality of peri-implant bone which is
found to be lowest in the posterior maxilla, which he had
68
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evaluated using numerical simulations. Using the same

Implant stability and peri-implant stress and strain

method, he had also concluded that bone implant

distribution is greatly influenced by the occlusal loading

interface, elastic properties of bone, fixations of implants

patterns. Accentuated loading angles increase the peri-

and lamina dura is modified by different patterns of bone

implant stress and strain patterns [5].

loading.

Finite element analysis (FEA), initially developed in

According to classification system proposed by

the late 60’s has made significant contributions in

Lekholm and Zarb [2], he classified the bone qualities

excelling engineering intelligence in dentistry to tackle

into four types: -

structural problems and aiding in better understanding of

a) In Type 1 bone quality, the entire jaw comprises of

implant biomechanics [6].

homogenous compact bone.

Three dimensional (3D) FEA has been widely used

b) In Type 2 bone quality, a thick layer (2 mm) of

for the quantitative evaluation of stresses on the implant

compact bone surrounds a core of dense trabecular bone.

and its surrounding bone [7].

c) In Type 3 bone quality, a thin layer (1 mm) of cortical

In this study, 3D FEA models were developed and the

bone surrounds a core of dense trabecular bone of

stress distribution on 4 different peri-implant bone types

favorable strength.

was visualized, evaluated and compared for combinations

d) In Type 4 bone quality, a thin layer (1 mm) of cortical

of different lengths of implant when subjected to vertical

bone surrounds a core of low-density trabecular bone.

and oblique forces.

Biomechanics of oral implants is strongly influenced
II. MATERIALS AND METHODS

by the surrounding bone. Enough literature is available on
the effects of ridge diameters, implant designs, platform

Distributions of stress values in the cortical and

designs and direction of load applied to an implant on

trabecular bone and on the implants were evaluated in the

stress and strain patterns in peri-implant bone. However,

present study. Displacement under force was analyzed at

published data on stress patterns around implants of

three different implant lengths that were placed in four

different lengths on surrounding bone are few. Whenever

different bone types in the edentulous mandible. The 3-

an implant is loaded, the load is transferred to the

Dimensional tetrahedral structural solid finite elements

abutment, which carries it to the fixture and through the

were used to model the bone, implant abutment

implant abutment and implant bone connection to the

framework, and crown structure material. 4 Mandibular

surrounding peri-implant bone [3]. Therefore, in the

bone 3D FEA models with crestal bone height of 13 mm

present study we aim to examine the role of implant

and buccolingual dimension of 7 mm were created,

height on stress and strain distribution patterns within the

simulating Type 1,2,3 and 4 bone, according to the

implant system and surrounding peri-implant bone.

classification system of Lekholm and Zarb [2] as

In multiple implant restorations, in order to achieve

described earlier. Trabecular bone was simulated as a

the best stress distribution, implants should be parallel to

zone of solid structure in cortical bone. 3D FEA models

each other and to the adjacent natural teeth. For a better

of endosseous implant system (Nobel Replace® CC)

surgical outcome, achieving parallelism of implants is

were created of fixed diameter of 4.3mm and lengths of

crucial. But such condition does not always exist. In these

8, 11.5 and 13mm for this study. The shoulder of the

situations, implants may be inserted at angulations with

implant system was 4.3 mm, and the implant neck height

each other or the adjacent teeth. So, clinicians have to use

was 2.8 mm. The thickness of the zirconia crown used in

angulated

this study was 0.7mm. Geometry of all the implant

abutments

to

compensate

for

implant

angulation [4-14].
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models was simulated as described by Wheeler [8] [Fig.

A. Designing of the 3D models

1].

B. Assigning necessary material and behavioral
properties
C. Generating the Finite Element Mesh
D. Loading of the models and Boundary conditions
E. Analyzing stage

Central
fossa

Central
fossa

Fig. 1: Finite element model design

Central
fossa

Central
fossa

All the materials were presumed to be homogenous,
isotropic and linearly elastic [9]. Elastic properties such

Type 2

Type 1

Type 3

Type 4

as Young’s modulus [E] and Poisson’s ratio [μ] were
determined from the literature [15-26] [Table I].
Elements and node numbers for the models were
simulated. A fixed union between the bone and the
implant along the interface was simulated. In total, the
model consisted of 33,175 nodes and 175,776 elements

Fig. 2: Forces applied on the central fossa in vertical direction

[Fig. 1].
TABLE I

Material
Cortical Bone

Young’s
Modulus (MPa)
13400

Type 1

DB
MB

MB

Poisson’s Ratio

DB
MB

MB
Type 3

Type 2

Type 4

0.30

Medullary Bone
(D1, D2, D3)

1370

0.30

Medullary Bone
(D4)

1100

0.30

110000

0.35

205000

0.30

Titanium
(Implant,
abutment)
Zirconia

DB

DB

YOUNG’S MODULUS (E) AND POISSON’S RATIO (µ)

Care was taken that there were no empty spaces within

Fig. 3: Forces applied on the mesiobuccal and distobuccal
cusps in oblique direction

A. Designing of the 3D models

the implant-abutment and abutment-cylinder connections,

Scanning was done for the implants (Nobel Replace®

or frictional coefficient, assuming a perfect fit situation

Tapered CC 4.3mm diameter and 8,11.5mm and 13mm

among the implants, bone and prosthetic components.

length), titanium abutment and screw retained zirconia

Total vertical force of 300 N was applied on the central

crown. Using a 3D modelling software (ANSYS 12.1

fossa of the simulated mandibular molar model. The total

software), 3D FEA models of edentulous mandible, Type

oblique force of 300 N was applied from the inner

1,2,3 and 4 bone quality and implant models with

inclines of the mesiobuccal (150 N) and the distobuccal

prosthetic restorations were generated.

(150 N) cusps to simulate the mean off-axis interval in
the clinical situation [Fig. 2 and 3]. The applied forces
were assumed to be static.
Finite element analysis was done with following steps:

B.

Assigning

necessary

material

and

behavioral

properties
Necessary material properties like ‘Young’s modulus of
elasticity’ and ‘Poisson’s ratio’ were assigned to all
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model components after importing the designed models

were defined as the beginning of deformation for ductile

to ANSYS 12.1 software.

materials such as implants.
Elastic strain values were evaluated, as these values

C. Generating the Finite Element Mesh

revealed the amount of deformation resulting from tensile
In this step, numerous elements and nodes were used to

and compressive stresses.

do meshing of the models.
• Elements: A complex geometric domain is represented

III. RESULTS AND DISCUSSION

as a collection of simple geometric subdomains called
‘elements.
• Nodes: The points of connection between elements are

Stress analysis produced numerical values which had
mathematical calculations without variance, thereby not
requiring statistical analysis.

called as ‘nodes.
• Mesh: The collection of elements is called as ‘Finite
Element Mesh’.
D. Loading of the models and Boundary conditions
Allowing for the possibility of rational movements,
vertical and oblique loads were applied. Occlusal loading
of 300N magnitude was done in the vertical as well as
oblique (30 degrees) directions along the long axis of the

All designs showed similar distribution of Von mises
stresses for all the implants. All the values obtained were
far from the breaking point of titanium. Primarily, the
concentration of Von mises stresses was seen on both the
buccal and lingual aspects of the bone implant interface.
The stress distribution on the Type 1,2,3 and 4 bone
loaded with 8, 11.5 and 13mm implant and the abutment
were evaluated [Fig. 4].

tooth.
Boundary conditions: To prevent a solid from moving in
space like a rigid body on application of external loads,
constrains are applied. These constrains are known as
‘boundary conditions.
E. Analyzing stage
The solver, which is a part of ANSYS 12.1 software,

Max Displacement
~0.012 mm

was used to solve the problem equation of stresses in the

Max Displacement
~0.015 mm

Max Displacement
~0.019 mm

Max Displacement
~0.020 mm

bone, post load application on the models.
Mathematical models along with boundary conditions

Fig. 4: Stresses generated when forces are applied in vertical
direction on Implants

and loading were prepared with finite element software.
The values were rendered to the ANSYS 12.1 (MSC

The maximum displacement of crown of 0.020mm was

Software) program to display stress values and their

seen with implant length of 8mm in Type 4 bone whereas

distributions. Stress data was conceived numerically and

minimum displacement of 0.011mm was seen with

color coded.

implant length of 11.5mm in Type 1 bone when subjected

In studies [27-30], the maximum (tensile) and

to vertical loading conditions [Fig. 5]. As the implant

minimum (compressive) principal stresses have been

length increased, the stress zone spread and the amount of

reported to be an adequate criterion to evaluate the

displacement gradually decreased, resulting in the crown

occurrence of bone resorption in full osseointegration

with 13mm implants showing least displacement. On the

conditions, and the threshold ranges are 100 to 130 and

contrary on oblique loading, maximum displacement of

170 to 190 MPa, respectively. Von Mises stress values

0.112mm was seen in implant length of 8mm in Type 4
bone and minimum displacement of 0.06mm was seen in
71
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implant length of 11.5mm in Type 1 bone [Fig. 6]. As

Maximum Von mises stresses in cortical bone were

compared to displacement of crowns seen in 8mm and

concentrated at the coronal aspect of the implant bone

13mm implant lengths, in all four types of bone, the

interface. Stresses were concentrated on buccal side of

values were significantly lower in 11.5mm implant

implant bone interface for vertical loading and on lingual

length.

side of implant bone interface for oblique loading. When
subjected to vertical loading, maximum stress of 14.2
MPa was seen in implant length of 13mm in Type 4 bone
whereas minimum stress of 9.1MPa was seen in 8mm
implant length and in Type 1 bone [Fig. 7]. When
subjected to oblique loading, maximum stress of 32.3
MPa was seen in implant length of 13mm in Type 4 bone
whereas minimum stress of 25.8MPa was seen in 8mm
implant length and in Type 1 bone [Fig. 8].

Fig. 5: Stress variation in crown under vertical loading

Fig. 7: Stress variation in cortical bone under vertical loading

Fig. 6: Stress variation in crown under oblique loading

Maximum Von mises stresses were concentrated at the
central fossa of the zirconia crowns on vertical loading
and at the mesiobuccal and distobuccal cusps on oblique
loading. When subjected to vertical loading, maximum
stress of 60.5 MPa was seen in implant length of 11.5mm
and in Type 3 and Type 4 bone. Minimum stress of 40
MPa was seen in implant length of 8mm in Type 1 bone.
Fig. 8: Stress variation in cortical bone under oblique loading

When subjected to oblique loading, maximum stress of
111.34 MPa was seen in implant length of 11.5mm and in

Maximum Von mises stresses in trabecular bone were

Type 3 and Type 4 bone types. Minimum stress of 101.04

concentrated at the apical region of the Implant bone

MPa was also seen in implant length of 11.5mm in Type

interface. When subjected to vertical loading, maximum

1 bone type.

stress of 5.4 MPa was seen in implant length of 13mm in
Type 2 bone whereas minimum stress of 0.5 MPa was
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seen in 8mm implant length and in Type 1 bone [Fig. 9].

was seen in implant length of 8mm in Type 1 bone [Fig.

When subjected to oblique loading, maximum stress of

12].

9.15 MPa was seen in implant length of 13mm in Type 4
bone whereas minimum stress of 0.9 MPa was seen in
8mm implant length and in Type 1 bone [Fig. 10]

Fig. 11: Stress variation in Implant abutment system under
vertical loading

Fig. 9: Stress variation in Trabecular bone under vertical loading

Fig. 12: Stress variation in Implant abutment system under
oblique loading

Stress

and

strain

distribution

patterns

around

osseointegrated implants were greatly influenced by a
number of biomechanical factors such as material
Fig. 10: Stress variation in Trabecular bone under oblique loading

Maximum Von mises stresses in implant abutment
system comprising of the implant fixture, abutment and
its screw were almost similar on vertical loading as
contrast to that of oblique loading. When subjected to
vertical loading, maximum stress of 135 MPa was seen in
implant length of 11.5mm and 13mm in Type 2, Type 3
and Type 4 bone while minimum stress of 126.2 MPa
was seen in implant length of 8mm in Type 1 bone [Fig.
11].
However,

when

subjected

to

oblique

loading

maximum stress of 64 MPa was seen in implant length of
13mm in Type 2 bone while minimum stress of 34.6 MPa

properties of implants and the prosthesis, surface
structure, implant geometry, quality and quantity of the
surrounding bone and the type of loading conditions.
FEA can be used elaborately to predict the effect of
clinical factors on the success of an implant and the
biomechanical performance of implant designs.
The major etiology behind short term implant failure
has been attributed to insufficient primary stability while
long term implant failure was related to overloading on
incomplete osseointegrated implants. In the present study,
oblique force of 300 N was chosen to simulate the poor
prognosis of clinical cases of patients exhibiting
parafunctional habits namely, clenching, tooth grinding
and bruxism [31].
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In the present study, the peak stress values occurred in

deformation than the other bone qualities modelled, the

the implant due to the high modulus of elasticity of

stress magnitudes were greatest for D3 and D4 bone

titanium and the tightness of the contacts in the implant

which was in accordance with the results of the present

system. The Von Mises stress values increased with an

study.

increase in the implant length. An increase in the implant

Shih-Hao

Chang

[2]

in

2011

simulated

the

length caused an increased stress of nearly 10N in the

biomechanical behaviors and influences of SDI diameters

implant system, and this stress caused much more

under various conditions of bone quality by using a

deformation on the implant system which was also seen

validated finite element (FE) model for simulation. The

in the study by Shih-Hao Chang [2].

authors combined CAD and CT image system to

Crestal bone loss is a phenomenon which is often seen

construct the FE models with 6 mm length SDIs for 6, 7-

clinically and radiologically exhibiting decrease in

and 8-mm diameters under three types of bone qualities,

marginal bone level were observed in different stages of

from normal to osteoporotic. The authors observed that

implant loading. In a number of radiological long-term

the Von mises strains of bone under the vertical load was

studies and FEA analyses, loaded implants showed

not affected by implant diameter. Similar results were

typical bone loss around the implant neck. The results of

seen in the present study where different implant lengths

the present study indicated that maximum Von Mises

influence the von mises stress of bone under vertical and

stresses, in cortical bone, occurred mainly at the buccal

oblique loads as compared to different diameters.

aspect of alveolar crest at implant bone interface. Stresses

Guan [33] in 2009 investigated the influence of bone

were concentrated more on the buccal aspect of the

and dental implant parameters on stress distribution in the

alveolar crest for vertical loading and on the lingual

mandible by finite element analysis (FEA) and in vitro

aspect of the alveolar crest for oblique loading which

experiments. The authors observed that the abutment

were similar to results obtained by Papavasiliou et al

displacement was greater under oblique loading than

[11]. Stresses were maximum in Type 4 bone and is

under axial loading and greater for the longer implants.

minimum for Type 1 bone. In trabecular bone, stresses

Similar results were observed in the present study with

were concentrated at the apical region of implant-bone

longer implants when subjected to oblique loading

interface. Stresses were maximum in Type 2 bone and

showed greater stresses in the bone implant interface and

minimum for Type 1 bone.

implant abutment system.

M. Sevimay [30] in his study investigated the effect of
IV. CONCLUSION

4 different bone qualities on stress distribution in an
implant-supported

mandibular

crown,

using

3-

An increase in the implant length increased the stresses

The

in the implant and the peri implant bone and increased the

authors observed that von Mises stresses in D3 and D4

area in which the stresses were distributed. A change in

bone quality were 163 MPa and 180 MPa, respectively,

the bone type did not affect the stresses on the implant.

and reached the highest values at the neck of the implant

Tensile and compressive stresses formed mostly at the

and in D1 and D2 bone quality were 150 MPa and 152

alveolar bone around the implant neck which was

MPa, respectively, at the neck of the implant. For the

predominantly the cortical bone. Deformation due to the

bone qualities investigated by the authors, they observed

stresses had great importance for the Type 4 trabecular

that stress concentrations in compact bone followed the

bone due to the increase in implant lengths. The present

same distributions as in the D3 bone model, due to the

study concluded that lesser stresses are created in the peri

trabecular bone being weaker and less resistant to

implant bone by shorter implant lengths in all the four

dimensional (3-D) finite element (FE) analysis.
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bone types as compared to longer implant lengths when

maxillary posterior region of the sinus floor. J Prosthet

loaded in vertical direction as opposed to on oblique

Dent. 2005 Jan;93(1):38-44.

direction. This would enable the clinicians to decide upon

[7] Quaresma SE, Cury PR, Sendyk WR, Sendyk C. A finite
element analysis of two different dental implants: stress

the best implant length to be considered in accordance

distribution in the prosthesis, abutment, implant, and

with the quality of bone present. However, clinical
studies are required to support the results obtained in the

supporting bone. J Oral Implantol. 2008;34(1):1-6.
[8] Wheeler RC. Atlas of Tooth Form. Toronto: Harcourt

present study.

Canada; 1969:68.
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