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The Effect of a Hydroxyapatite-Reinforced 
Polyethylene Stress Distributor in a Dental
Implant on Compressive Stress Levels in 

Surrounding Bone
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This study investigated various designs of stress breakers incorporated into the dental implant
using 3-D finite element analysis. These designs employed hydroxyapatite-reinforced polyethyl-
ene (HRP), a material capable of inducing osseointegration. The most successful design was
that of a dental implant with a peripheral HRP component that was in direct contact with the
bone surrounding the neck of the implant. This design lowered the compressive stress values in
bone around the neck of the implant. Attempts were also made to optimize this design. (INT J
ORAL MAXILLOFAC IMPLANTS 2000;15:559–564)
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The term “stress breakers” with respect to dental
implants denotes the components used to reduce

stresses in the surrounding bone. Originally, this term
was used in conjunction with removable partial den-
tures. A number of studies, eg, Chapman and Kirsch,1
have recommended the incorporation of internal
stress-breaking elements into dental implants and
reported lower stress levels around those implants
incorporating stress breakers. However, this phenom-
enon has been attributed to lower occlusal force lev-
els associated with this type of implant design.

In almost all the dental implant systems that uti-
lize stress breakers, the designs have included a com-
ponent that allows differential movement between
the abutment and the implant.2–6 This movement is
claimed to decrease the stresses in bone around the
implant.7,8 However, there is an increasing weight of
evidence from recent studies that this arrangement is

not effective in reducing bone stresses and may result
in higher stresses than with all-titanium implants.9–12

This study, using 3-D finite element stress analy-
sis, aims to investigate the effect of different stress
breaker designs on the values of compressive stresses
at the crestal bone around the neck of the implant.

MATERIALS AND METHODS

Five finite element models were generated, each
describing a hollow cylindric dental implant 3.45
mm in diameter with a 10-mm-long osseointegrated
portion placed in a cylindric block of bone 20 mm
in diameter and 12 mm in height. In model 1 (Fig
1), the implant was constructed entirely from tita-
nium. In models 2 to 5, the implants were modified
to include hydroxyapatite-reinforced polyethylene
(HRP), an elastic composite material that has the
ability to osseointegrate.13,14 This material was
included at the neck region of the implants (Figs 2
to 4). The complete interface between the implant,
including the elastic portion, was modeled as being
osseointegrated. This was achieved by merging
together the common nodes between the implant
and the surrounding bone. The Young’s modulus of
elasticity (�) and Poisson’s ratio (�) of the materials
used in this study are presented in Table 1.
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In the second model (Fig 2), the properties of the
section of the implant and abutment passing
through the upper cortical plate were changed from
those of titanium to those of the HRP material (�=
8,000 MPa).

In the third model (Figs 3 and 4), the neck of the
implant was modeled as a central titanium core with

a peripheral (HRP) component 0.25 mm thick. The
length of the component in model 4 was 1.922 mm,
and in model 5 the length was 0.961 mm (Fig 4).

A layer of interface bone 0.5 mm thick covered
the surface of the hollow cylindric implants, both
externally and internally. The interface bone at the
base of the inside of the cylinder was modeled to be
0.75 mm thick (Figs 1 to 3). Each implant, with its
surrounding interface, was modeled as though
placed in a cylindric block of bone 20 mm in diame-
ter and 12 mm in height. Each block of bone was
modeled with upper and lower cortical plates 1 mm
thick, with the remainder as cancellous bone (Figs 1
to 3). As illustrated in Fig 1, all the nodes at the sides
of the models were restrained, and 2 loading cases
were modeled, applied at the top middle node of the
implants. The first was a 100 N vertical load down-
ward along the long axis of the implant, and the sec-
ond was a horizontal load of 100 N perpendicular to

Fig 1 Model 1 (control implant): vertical section showing the
relationship of the implant to the cylindric bony block. Note the
restrained nodes at the sides of the model and the direction of
the applied loads at the top of the implant. Blue = cortical bone;
green = trabecular bone.

Fig 2 Model 2: vertical section showing the relationship of the
implant to the cylindric bony block. Note the elastic material
(HRP) incorporated into the design of the implant at the neck
region.

Fig 3 Model 3: vertical section showing the relation of the
implant to the cylindric bony block. Note the elastic material
(HRP) incorporated peripherally into the design of the implant at
the neck region.

Fig 4 Vertical sections showing the neck region of implant
models 3, 4, and 5. The thickness of the HRP in implant model 3
is 0.25 mm, whereas in models 4 and 5 the thickness is 0.125
mm. Purple = HRP; red = titanium.

Table 1 Material Properties of the Various
Parts of the Finite Element Models

Young’s Poisson’s 
Material modulus (�) (MPa) ratio (�)

Titanium 103,400 0.35
Cortical bone 13,700 0.3
Trabecular bone 1370 0.3
Interface bone 13,700 0.3
HRP 8000 0.3

Interface 
thickness 
= 0.5 mm

Interface thickness = 0.75 mm

HRP

HRPHRP Abutment Abutment Abutment

Neck of implant Neck of implantNeck of implant

Model 4 Model 5Model 3

1.922 mm

0.961 mm
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the long axis of the implant (the direction was irrele-
vant, as the structure was axisymmetric).

Linear finite element modeling was used for the
investigation since bone-implant integration was
assumed, ie, a perfect bond between bone and
implant. If a less-than-perfect bond was assumed,
then contact analysis (non-linear) might be consid-
ered more appropriate. There is, however, consider-
able evidence to support the supposition that there is
true bone-implant integration and not simply bone
apposition against the surface of the implant.

RESULTS

A pictorial representation was obtained of the third
principal stress in the bone around the necks of the
implants in all models, under vertical and horizontal
loading (Figs 5 to 14). To reveal the stress patterns

Fig 5 Model 1 (control implant) under vertical loading. Com-
pressive (third principal) stress distribution at the top 1 mm of
the interface zone around the neck of the implant (without stress
breaker).

Fig 6 Model 2 under vertical loading. Compressive (third princi-
pal) stress distribution at the top 1 mm of the interface zone
around the neck of the implant (with stress breaker).

Fig 7 Model 3 under vertical loading. Compressive (third princi-
pal) stress distribution at the top 1 mm of the interface zone
around the neck of the implant (with stress breaker).

Fig 8 Model 4 under vertical loading. Compressive (third princi-
pal) stress distribution at the top 1 mm of the interface zone
around the neck of the implant (with stress breaker).

Fig 9 Model 5 under vertical loading. Compressive (third princi-
pal) stress distribution at the top 1 mm of the interface zone
around the neck of the implant (with stress breaker).
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Fig 10 Model 1 (control implant) under horizontal loading.
Compressive (third principal) stress distribution at the top 1 mm
of the interface zone around the neck of the implant (without
stress breaker).

Fig 11 Model 2 under horizontal loading. Compressive (third
principal) stress distribution at the top 1 mm of the interface
zone around the neck of the implant (with stress breaker).

Fig 12 Model 3 under horizontal loading. Compressive (third
principal) stress distribution at the top 1 mm of the interface
zone around the neck of the implant (with stress breaker).

Fig 13 Model 4 under horizontal loading. Compressive (third
principal) stress distribution at the top 1 mm of the interface
zone around the neck of the implant (with stress breaker).

Fig 14 Model 5 under horizontal loading. Compressive (third
principal) stress distribution at the top 1 mm of the interface
zone around the neck of the implant (with stress breaker).

Fig 15 Maximal compressive (third principal) stresses at the
interface bone for the 5 implant models under vertical and hori-
zontal loading.
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without obstruction, the implant has been omitted.
The maximum stress levels in all models are
recorded in Table 2. Maximum stress values in bone
appear to be concentrated superiorly in the cortical
bone closest to the implants.

In the first 3 models, the stress values under ver-
tical loading were 12.17 MPa, 15.47 MPa, and 8.354
MPa, respectively. The highest value was found in
implant model 2 (15.47 MPa), whereas the lowest
value was found in implant model 3 (8.354 MPa). In
models 4 and 5, the corresponding values were
10.01 MPa and 9.832 MPa, which are lower than
the values for the all-titanium implant but higher
than those for model 3.

In models 1 to 3, the highest stress values under
horizontal loading were observed in implant model
2 (191.3 MPa) and the lowest were seen in implant
model 3 (114.4 MPa). Corresponding stress values
in models 4 and 5 show even lower stress values
than those in model 3.

The stress-breaker design used in implant model
2 resulted in higher stress values at the neck of the
implant on vertical and horizontal loading of the
implant than in implant model 1, with stress values
that were 29.4% and 42.1% higher than those for
vertical and horizontal loading, respectively. How-
ever, the stress-breaker design in implant model 3
resulted in lower stresses under both vertical and
horizontal loading compared to implant model 1,
with stresses 31.4% and 15% lower under vertical
and horizontal loading, respectively. This is illus-
trated in Fig 15.

DISCUSSION

The results of this study suggest that it is possible
for a stress-breaker that is built into the geometry of
the implant to lower the compressive stress levels in
the bone around the collar of the implant. It is
argued that it is the high stress levels in that region
that are responsible for bone resorption around the
neck of an implant.

Incorporation of the HRP material into the
geometry of the implant such that it contacts the
bone can be acceptable, since the material is capable
of inducing osseointegration.13 In this study, 2
experimental stress-breaker designs were modeled
and compared to a control implant without a stress
breaker. It can be seen that where the entire section
of the implant was modeled with HRP material, the
compressive (third principal) stresses generated on
vertical and horizontal loading exceeded the corre-
sponding stresses for the control.

These results may be explained as follows. With
vertical loading of the implant, the elastic material
at the neck region bulges sideways against the bone
around the neck of the implant because of the pres-
sure on the abutment above and the resistance from
the implant below. This bulging will result in more
and higher stresses. On horizontal loading, as a
result of its elasticity, the material will bend against
the marginal bone, and loads will be largely distrib-
uted to this section of bone. It appears that the
HRP material with this arrangement fails to trans-
mit loads from the abutment downward to the
implant.

In the third design, the central elements of the
neck of the implant were modeled as titanium and
only the peripheral elements were modeled as HRP.
This design resulted in lower compressive stress
values for vertical and horizontal loading versus the
control. These results indicate that the central tita-
nium core of the implant transmitted part of the
load downward to the implant, while the peripheral
material in contact with the surrounding bone
exerted small forces and produced a cushioning
effect, especially during horizontal loading.

Rieger et al15 tested the effect of implant geom-
etry on stress distribution in bone around it and
suggested that for all geometries tested, increasing
the stiffness of the material transmitted more of the
occlusal load to the apical bone. This seems to be
an appropriate explanation for the reduction of
stresses that occurred in relation to the implant
with the second stress-breaker design in the pres-
ent study.

Models 4 and 5 represent attempts to further
modify the design in model 3 by maintaining the
contact with bone and reducing the thickness and
length of the material. However, this resulted in
higher stresses under vertical loading but lower
stresses under horizontal loading of these implants
when compared to implant model 3. The reduction
in model 4 was some 19% of the stress value for
model 3 under horizontal loading.

Table 2 Maximal Stress Recordings at 
Coronal 2 mm of Interface Bone Under 
Vertical and Horizontal Loading in All Models

Third principal stress (MPa)

Model Vertical loading Horizontal loading

1 12.17 134.6
2 15.47 191.3
3 8.354 114.4
4 10.01 92.67
5 9.832 89.59



Since the material used (hydroxyapatite-rein-
forced polyethylene) was biocompatible,13 its sur-
faces in contact with bone will osseointegrate. This
was represented in the model in the present study
by merging the nodes common between this mater-
ial and surrounding bone.

Changing the pattern of restraints in the model
will affect the stress values but generally not the pat-
tern of distribution. The block of bone modeled does
not represent the mandible or maxilla. However, it is
the same throughout all the models, and comparisons
can therefore be made. The aim of the study was not
to explore the exact distribution of stresses in the
arches or to register the values of stresses in humans,
but to compare the different implant/stress-breaker
designs. Off-axis loading was not attempted, as this
type of loading can always be analyzed via the 2 com-
ponents—vertical and horizontal. Analysis of each in
turn simplifies the issue, and a combination of these
2 types of loads only serves to complicate analysis
and mask important phenomena, such as the higher
stresses produced in the system under horizontal
loading when compared to vertical forces.

If vertical bone loss was assumed to occur around
the neck of the implant so that the bone does not
come into contact with the stress-breaking mecha-
nism, then that mechanism will not function and
stress levels will again be similar to those of a stan-
dard implant. This study did not investigate the
effect of less than 100% coverage of bone over the
full length of the implant, as this can be considered
another of many possible variables. However, it did
attempt to establish that it is possible to reduce the
stresses around an implant by varying its geometry
and components.

CONCLUSIONS

• Bone stresses under horizontal loading are more
severe than under vertical loading and are gener-
ally about 10 times their value.

• Hydroxyapatite-reinforced polyethylene can
reduce stresses around the neck of the implant if
embedded in the implant design as an O-ring of
various cross sections.

• Stresses tend to be lower if the O-ring is thin and
extended to no more than the top part of the
crestal bone around the neck of the implant.
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