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Introduction
Osseointegrated dental implants have been increasingly used
to restore the masticatory function after the loss of teeth. It is
well known that the success of dental implants is heavily
dependent on their initial stability and on their long-term
osseointegration, as these factors are associated with optimal
stress distribution in the surrounding bone1,2. Finite element
and photo-elastic analyses suggest that the absence of a
periodontal ligament, or soft tissue interface around an
osseointegrated implant, produces an increase in the
magnitude of the stress concentrated at the implant/bone
interface, specifically in relation to the crestal bone. Such
increased stress is hypothesized to cause crestal bone loss3,4.

The magnitude and direction of stress that stimulates bone
apposition or resorption is controversial, although most
researchers will agree that stress plays an important role as a
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feedback mechanism in bone remodelling.
It has been suggested that there is an optimal level of stress

at which there is an equilibrium of bone resorption with bone
apposition. With stress above this level, hypertrophy takes
place; below this level, atrophy occurs. There is also a maximum
limit of stress, above which there will be destruction of bone by
pathological resorption4.

Over the first year of function of an endosseous implant,
alveolar crestal cortical bone loss of  about 1 mm can usually be
observed around the implant, followed by a further loss of 0.1
mm in every subsequent year5,6.

In order to maintain bone equilibrium, stresses upon the
bone should be in the range of 1.4-5 MPa. Stresses outside this
range have been reported to cause resorption of bone 7.

Material and methods
The three-dimensional finite element model includes a section
of mandible at the premolar area and with a stepped implant
(Figure 1). This modelled section of the mandible composed of
cancellous and cortical bone was 10 mm in width
buccolingually, and 6.2 mm in length mesiodistally. A stepped
implant was placed in the mandibular model, and the
superstructure was also modelled.
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The implant was assumed to be 100% osseointegrated with
the surrounding bone along the whole interface, preventing
any rotational movement of the implant at the bone/implant
interface.

Boundary fixation included the constraining of all three
degrees of freedom at each of the nodes located at the most
external mesial or distal aspect of the model. The plane which
bisects the implant is a plane of mirror symmetry and
symmetry boundary conditions were used on all the nodes in
this plane.

The loads used in this study were 100 N vertically and 25 N
horizontally to the top of the crown (Figure 2). An ANSYS
program, version 5.4 (Swanson Analysis System, Houston,
Pennsylvania), was used to perform the three-dimension finite
element modelling and finite element analysis. The total
number of the elements used in the finite element model was
2680 (Figure 3).

The physical properties of human cortical and cancellous
bone were taken to be linear and isotropic in the simplified
model of the mandibular bone, and the known properties of
titanium alloy were adopted for the fixture. The physical
properties of each material are shown in Table 1.

Four models of stepped osseointegrated implants and bone
models with different thicknesses of cortical bone (2mm,
1.6mm, 1.4mm, 1mm) were used. Stress levels, according to
Von Mises criteria, were calculated. Von Mises stresses are
most commonly reported in finite element analyses to
summarize the overall stress state.  

Results
Numerical equivalent stress values were determined by the
Von Mises failure theory at the cortical and at the cancellous
bone. The results of the stress are illustrated in Figures 4 and
Figure 5.

The results of the finite element structural analyses for the
four models show that the maximum equivalent stress of Von
Mises is concentrated at the point where the implant enters
the bone (ie at the ‘neck’ of the implant), especially on the
loading side when the implant is horizontally loaded. 

The model of the mandibular bone with the thickest cortical
layer (2mm thickness), showed significantly lower stress values
around the implant, (about 21.6 Mpa) than did the models
with 1.6mm, 1.4mm or 1mm cortical thickness representing
0.4mm, 0.6mm, or 1mm of cortical resorption respectively,
which showed significantly increasing stress. The greatest
equivalent stress of Von Mises reached 34 MPa in the model
with 1mm residual thickness of the cortical layer. 

Figure 1:  Schematic drawing showing the a section of mandible at
the premolar area with a stepped implant.

Figure 2:  Schematic drawing showing the loading direction on the
top of the superstructure.

Figure 3: Schematic drawing showing the loading conditions of the
model. 
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Discussion
Crestal bone loss has been observed clinically around all
commercially available tooth-form implants

6
. Cervical bone

resorption always occurs to accommodate the reformation of a
‘biological width’. Preservation of peri-implant bone height
depends on the magnitude and concentration of stress
transmitted to the bone by the implant. There appears to be an
optimal level of stress at which bone resorption is balanced by
apposition. The minimum required load for avoidance of crestal
bone loss appears to have been defined, but the upper limit of
the physiological stress range has not yet been fully
investigated8.

Results of the present study support those of Holmes and
Loftus9, who studied the influence of bone quality on the
transmission of occlusal forces through endosseous dental
implants. Implants placed in bone with thicker cortex and with
greater density of the cancellous core showed less micro-
movement and reduced stress concentration, thereby
increasing the likelihood of ultimate fixture stabilization and
tissue integration9.

On the other hand, Papavasilliou et al10 showed that the
absence of cortical bone increased the interfacial stresses
between the bone and implant.

Although in the present study the finite element model

geometry, material properties and loading conditions were
simplified, these models clearly illustrate the differences in the
local micro mechanical environments of the four models, which
differed from one another only in the thickness of the modeled
cortical bone.

The relationship between the thickness of cortical bone
around a loaded implant and the maximum stress generated is
linear. When cortical bone resorption around the implant
increases, the stress in the bone around the implant increases.
Thus the smaller the residual thickness of cortical bone, the
greater will be the expected  stress concentration on the bone
around the implant.

Conclusion:
From this study, the following conclusions can be reached:

The thickness of the cortical bone has a very important effect
on the distribution of stress in the bone surrounding the
implant.

Bone resorption with reduction in thickness of the cortex
around the implant results in a substantial increase in maximum
equivalent stress, especially at the cortical bone.

The thickness of the cortical bone significantly affects the
distribution of forces at the entire implant-bone interface, and
consequently affects the longevity of the implant.

Table 1: The properties of the cortical and cancellous bone, and titanium.

The material Young’s moduli (in MPa) Poisson’s ratio

Titanium 110000 0.3

Cortical bone 13700 0.3

Cancellous bone 1370 0.3
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Figure 5: Stress contour of the four models with Friatec-2 stepped
implant at the cortical and cancellous bone with different amounts of
cortical bone residual thickness (A)2mm,(B)1.6mm, (C) 1.4mm, (D)1mm.




