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Stress-absorbing elements in dental implants

I. P. van Rossen, D.D,S.,* L., H. Braak, Ph,D_**

C. de Putter, D.D.S,, Ph.D,,*** and K, de Groot, Ph.I) ****

Free University, ACTA School of Dentistry, Amsterdam; Eindhoven University of Technology,
Eindhoven; and State University Leiden, Faculty of Medicine, Leiden, the Netherlands

By means of finite element analysis, calculations were made of the stress-distribu-
tion in bone around implants with and without stress-absorbing elements. A
freestanding implant and an implant connected with a natural tooth were simu-
lated. For the freestanding implant, it was concluded that variation in the E-
modulus of the stress-absorbing ¢lement had no effect on the stresses in bone,
Changing the shape of the stress-absorbing element had little effect on the stresses
in cortical bone. For the implant connectéd with a natural tooth, it was concluded
that a more uniform stress was obtained around the implant with a low E~modulus
of the stress-absorbing element. It was also concluded that the bone surrounding
the natural tooth showed a decrease in the height of the peak stresses. (J PROSTHET

DENT 1990:;84:198-205.)

Long-term successful function of & dental implant
depends upon the biocompatibility of the implant material
and the biofunctionality of the implant system. Biofunc-
tionality is defined as the mechanical and physical proper-
ties that enable an implant to perform its function.! Loaded
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permucosal implants may cause resorption of the sur-
rounding bone, which leads to malfunction, loosening, and
ultimate failure of the implant. Resorption may be caused
by microbial attack, which leads to infection and bone loss.
It is also suggested that high stresses may lead to resorp-
tion of bone. By changing the mechanical and physical
properties of an implant, it should be possible to avoid high
stress concentrations,

Two concepts have been developed to distribute stress
more uniformly around dental implants. The first concept
assumes a construction that is as rigid as possible, whereby
the chewing forces are distributed uniformly over all of the
implants.2 The second concept attempts to (1) reduce the
maximum stress by damping the occlusal forces (stress-
absorption) using materials analogous with the natural
periodontium® 4 (Fig. 1), or (2) redistribute the applied
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High damping value
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Fig. 1. Stress-absorption is defined as property of material to reduce height of peak
stresses in course of time as illustrated in stress versus time graph. Area under functions
is same, but maximum stresses differ over varying times.
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Fig. 2. Stress-distribution is defined as property of structure to distribute or divert forces
along stiffest parts of structurs. Equal forces result in different stresses when distributed

through various-shaped structures.

force (stress-distribution) toward the apex of the implant®
(Fig. 2). Each of these concepts is developed differently
with respect to prosthetic rehabilitation and desired load-
ing of bone and natural teeth.

Three loading situations are possible with dental im-
plants: (1) loading a freestanding implant, (2) loading an
implant connected with a natural tooth, and (3) loading two
implants connected with each other. In this study, the first
two situations are analyzed to ascertain with finite element
analyses which of the concepts mentioned, or which of the
combinations of concepts, gives the most equal stress-dis-
tribution in bone when using a stress-absorbing element
(SAE).

Finite element analysis is a numerical method based on
the principle of dividing a structure into a finite number of
small elements that are connected with each other at the
cornerpoints or nodes, For each element, its mechanical
behavior can be written as a function of the displacements
of the nodes. These nodes are submitted to certain loading
conditions, resulting in a behavior of the model similar to
the structure it represents.

In this analysis, FEMSYS, a program that has been de-
veloped at the Eindhoven University of Technology® and
that has been used for calculations or orthopedic implants,”
was used. |

MATERIAL AND METHODS

The two models constructed were (1) an axisymmetric
model to simulate a freestanding single implant in vertical
load and (2) a model to simulate an implant connected with
a natural tooth, also in vertical load. The first model was
constructed of axisymmetric elements with three nodes
(Figs. 3 and 4). The second model was constructed of three-
and four-noded membrane elements (Figs. 5 and 6).
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The program used implied several assumptions with re-
gard to the mechanical properties of the simulated struc-
tures.

1. Homogeneily: The mechanical properties of a mate-

rial are thought to be the same in the entire structure.

2. Isotropy: The material properties are the same in all
directions.

3. Linear elasticity: The deformation or strain of the
structures is proportional to the applied force and in-
dependent of the strain rate.

The material properties of the structures are shown in
Table 1. The values of the E-modulus of cortical and tra-
becular bone as given in the literature vary; therefore a
mean value was used for both types of bone.

A force of 500 newtons was applied to the single implant.
A force of 160 newtons was applied to the tooth-connected
implant. This force is in agreement with natural tooth-
loading forces during mastication.® ¥ On each model, two
calculations were completed. In the first calculation, the
stress-absorbing element was characterized by an E-mod-
ulus of 150 MPa, In the second calculation, the stress-ab-
sorbing element was characterized by an E-modulus of
110,000 MPa. The different levels of E-modulus simulated
a soft and a rigid material between the suprastructure and
the implant.

RESULTS
Freestanding implant

The stresses in the cortical bone at the interface with the
implant that contained a stress-absorbing element with an
B-modulus of 150 MPa varied from 12 to 45.5 MPa. The
stresses in the trabecular bone, also calculated at the im-
plant interface, varied from 3.3 to 9.8 MPa (Fig. 7). The
calculations computed on the implant with a stress-ab-
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Fig. 3. Finite element model of freestanding implant; I,
cortical bone; 2, trabecular bone; 3, submucosal part of im-
plant; 4, cortical bone; 5, stress-absorbing element; 6, post;
7, core, Arrow indicates direction and point of application

of force.

Table 1. Material properties

Material E-modulus (MPa)
Cortical bone 15,000
Trabecular bone 1,500
Dentin 12,000
Periodontal ligament 2.0
Titanium 110,000

(submucosal part)
Post and core 210,000
Stress-absorbing 110,000 and 160
element

sorbing element having a high E-modulus (110,000 MPa)
produced similar results. Similar findings indicate that re-
distribution of the applied force in a freestanding implant
is not possible by changing the E-modulus of the stress-
absorbing element. For this reason, calculations were also
completed on single implants with different shapes of the

stress-absorbing element.
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Poisson-ratio

0.3
0.3
0.3
0.45
0,35

0.35
0.3

VAN ROSSEN ET AL.

T

N

l.'(

I L_..;"L'
Y

‘!“

a¥a
o
Y

AV

[ ™
\/

»
R
aTaV

[
-‘1

e
A

Ay,

v TN

ARG
E?'i:" -;;#E'A"'i?'"‘v‘vﬂ
MBS s Y AYAY
PR RN AN
ap- 3 _.';_,:i"“"‘."-ur‘ W
K S VAN
7SRRI V%
DI,
L/
IR R K
SO EEVA‘%ﬁ""
SRRROK R
SRR <IN 0

>
/' \7
Y,
N
Y
/\

VAY,
/\/
X
X
/

Fig. 4. Mesh of finite element model.

The different shapes of the stress-absorbing element at-
tempted to (1) reduce the stiffness of the implant at the
cortical level, (2) decrease the thickness of the metal at the
cortical level, and (3) apply the force more apically. These
changes resulted in slightly different stresses in the corti-
cal bone around the implant (Fig. 8). Shape No. 4 was a
model with a direct contact between post and core and the
apical part of the implant when the stress-absorbing
element was eliminated. The shape of the stress-absorbing
element with the lowest stress (42 MPa) was used in the
model of the tooth-connected implant.

Tooth-connected implant

In the model of the tooth-connected implant, the stresses
in the cortical bone (Fig. 9) and in the trabecular bone (Fig.
10) were considered. In Fig. 9, the linepiece C-D-E, along
which stresses are given in the trabecular hone, 1s put in the
eraphic for reasons of clarity, A stress-absorbing element
with a high E-modulus resulted in stresses in the cortical
bone (Fig, 9) that varied from 3.7 to 11.9 MPa between
points B and C. Between points E and F, the stresses varied
from 13.4 to 51.1 MPa. The difference in stress between
points B and F was 39.2 MPa and between points C and E,
21.3 MPa. In the trabecular bone (Fig, 10) the stresses
around the implant varied between 0.24 and 7.7 MPa. Be-
tween points I) and E, the stress increased from 2.7 to 4.4
MPa.,

AUGUST 1890 VOLUME 64 NUMBER2
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Fig. 6. Mesh of finite element model of tooth-connected implant.

When using a stress-absorbing element with a low
E-modulus, the stresses in cortical bone (Fig. 9) varied from
4.6 to 22.6 MPa between points B and C. Between points
E and F, the stresses ranged from 9.8 MPa to 46.3 MPa. The
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difference in stress between the symmetric points B and F
and points C and E were, respectively, 23.7 MPa and 8.3
MPa. In the trabecular bone (Fig. 10), the stresses varied
from 0.6 to 5.2 MPa between points B and D. As was also
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Fig. 8. Calculated von Mises stresses in cortical bone (linepiece AB) with different shapes

of stress-absorbing element.

geen in the model with a high E-modulus of the stress-ab-
sorbing element, the stress increased between points D and
E from 1.5 to 3.1 MPa in this model.

The effect of the stress-absorbing element on the load-
ing of the natural tooth was a decrease of the height of the
peak stresses from 44.5 to 35,4 MPa and from 29.2 to 15.9
MPa (Fig. 9, between points G and H).

202

DISCUSSION

Whether stress-absorbing elements are functional in an
implant system has been an issue of interest in oral
implantology.% 4 5 10 Theoretically, their function can be
twofold. Initially, stress-absorbing elements can act as a
damping structure reducing the height of the peak stresses
under dynamic loading conditions. Secondly, the stress-
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Fig. 9. Stresses along line A-B-C-D-E-F-G-H, which is located mainly in cortical bone.

(,..., 180 MPa} e, 110,000 MPa.)

MPa [

F

Fig. 10, Stressesalong line A-B-C-D-E-F, which is located completely in trabecular bone.

(..., 150 MPa; —_____ 110,000 MPa.)

absorbing elements are thought to act as a stress-distribu-
tor where forces can be diverted to other locations in the
bone or around the implant, Stress-distribution in the hone
can be slightly manipulated, although the total force
remains constant. Whether stress-absorption or stress-dis-
tribution plays the major role depends on the construction
of the implant system and on the material properties.

THE JOURNAL OF PROSTHETIC DENTISTRY

In this study, calculations were made with finite element
analysis (FEA), a research method used in oral implantol-
ogy to predict stress and strain situations in bone.!!!4 The
finite element program used in this investigation has sev-
eral limitations with respect to the simulation of the ma-
terial properties of the structures. The program assumes
that the structures are homogeneous, linear-elastic, and
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Fig. 11. Locations where largest changes in bone density
are to be expected in freestanding implant according to
finite element program.

isotropic, while bone and the periodontal ligament are

nonhomogeneous, viscoelastic, and anisotropic struc-.

tures.!®-1¥ These differences mean that the calculated val-
ues may not be taken as absolute values but, at most, as
relative values of stresses in structures under static loading.
Nevertheless, FEA provides some insight into the stress-
distributions in the structures mentioned.

The results show that changing the K-modulus of the
stress-absorbing element in a freestanding implant does
not affect the stress-distribution around the implant duzr-
ing static loading. This finding could mean that if there is
any measurable biologic effect of the stress-absorbing ele-
ment on the bone, it is related to the damping properties
of the stress-absorbing element during dynamic loading.

When different shapes of the stress-absorbing element
were used, only small stress decreases were calculated in
the cortical bone around freestanding implants. Perhaps
larger decreases would be seen if the E-modulus of the im-
plant itself were decreased.*

In cortical bones, the decrease of the stress-difference
between points B and F from 39.2 MPa to 23.7 MPa shows
that changing the E-modulus of the stress-absorbing ele-
ment in a construction where the implant is connected with
a natural tooth has an effect on the stress-distribution in
the bone. A soft stress-absorbing element causes the stress
to be more uniform. More uniform stress around the
implant could be explained because displacement of the
bridge is more a translation than a rotation, which is the
cage in a rigid implant system, There would be an almost
total vertical loading of the implant if the E-modulus of the
stress-absorbing element were the same as the periodontal
ligament. On the basis of these calculations, the largest
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Fig. 12. Locations around implant where largest changes

in bone density are to be expected in tooth-connected
implant.

stresses in the structure were defined. It is our expectation
that in these places the largest changes in bone density will
also he seen (Figs. 11 and 19).

CONCLUSIONS

The results of this study suggest that:

1. A stress-absorbing element (SAE) in a freestanding
implant may function as a damping element but not as a
stress-distributor.

2. A stress-absorbing element in an implant that is con-
nected with a natural tooth causes the bone around the
implant to be loaded more uniformly.

3. Using a stress-absorbing element with a low E-mod-
ulug in an implant connected with a tooth decreases the
height of the peak stresses in the cortical bone surround-
ing the natural tooth,

4. Changing the shape of a stress-absorbing element in
a freestanding implant produces only small changes in
stress-distributions in the cortical bone.

5. If there is a biologic effect when using a stress-
absorbing element in an implant connected with a natural
tooth, the largest relative effects are to be expected in tra-
becular bone.

SUMMARY

By means of finite element analysis, calculations were
made of the stress-distribution in bone around implants
with and without stress-absorbing elements, A freestand-
ing implant and an implant connected with a natural tooth
were simulated,

For the freestanding implant, it was concluded that
variation in the E-modulus of the stress-absorbing element

AUGUST 1880 VOLUME é4 NUMBER 2
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had no effect on the stresses in bone. Changing the shape
of the stress-absorbing element had little effect on the
stresses in cortical bone,

For the implant connected with a natural tooth, it was
concluded that a more uniform stress was obtained around
the implant with a low E-modulus of the stress-absorbing
element. It was also concluded that the bone surrounding
the natural tooth showed a decrease in the height of the
peak stresses,
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