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A finite-element model study of occlusal
schemes in full-arch implant restoration
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A three-dimensional finite-element model of a human mandible is presented, and the
stresses and deformations computed for loading states induced by two different gnathologic
reconstructions using six and four implants are discussed. Occlusal canine guidance and
posterior and anterior group functions on cantilevered and distally supported prostheses have
been simulated. The stress distributions generated by the different loading conditions on
either the osseointegrated prosthesis or the bone tissue surrounding the implants are
described. The analysis of the stress distribution on the working side reveals that the posterior
group function undergoes a reduction in stress intensity on the cortical bone surrounding the
implants (especially for the distal implant) compared with the anterior group function and
canine guidance in both gnathologic reconstructions.  1998 Chapman & Hall
1. Introduction
Bone growth, remodelling and adaptation are all pro-
cesses which are believed to be partly regulated in
some way by the mechanics of the tissue. This phe-
nomenon has been hypothesized to be driven by
microscopic damage which stimulates bone adapta-
tion to reconfigure an optimal bone strength (Wollf’s
law). A significant modification of the bone’s local
stress distribution is attained after gnathologic recon-
struction. The extent and nature of the remodelling
process depend on the shape and rigidity of the oc-
clusal scheme. The mandible, in its natural state, does
not share the external loads with the rigid implant and
the stress distribution attains a physiological value
that stimulates bone growth.

The optimization of the occlusal scheme in gnathol-
gic reconstruction has been controversially debated
in the last few decades [1—5]. The fitting of
implant—prosthetic rehabilitation with the stomato-
gnathic functions is one of the key points to be ana-
lysed for satisfactory long-term functional and
aesthetic results. The traditional occlusal principles
cannot be directly applied to the implant—prosthetic
rehabilitation. The use of osseointegrated prostheses
requires, then, a basic theoretical review of these prin-
ciples, owing to the different biomechanical behav-
iours with respect to the periodontal system.

The occlusal method, used for the technical realiz-
ation of the fixed prosthetic superstructure, aims to
check the intensity and direction of the forces gener-
ated at the bone—implant interface. The importance of
occlusal scheme in long-term rehabilitation has been
0957—4530 ( 1998 Chapman & Hall
reported in the literature [6, 7]; however, collected
data on the subject are fragmentary, extracted from
anecdotal clinical cases and often based on individual
opinions without any scientific support. At the mo-
ment, it is not possible to codify an ideal occlusion
model, owing to the lack of data which have been
scientifically and medically demonstrated. In particu-
lar, the biomechanical transfer of the loads is a signifi-
cant problem in the total edentia, rehabilitated with
fixed prosthesis. The estimation of the biomechanical
behaviour of the system is complex, because of the
great variability of mechanical, anatomic and restora-
tion aspects which are present during the stomato-
gnathic function [8].

The occlusal solutions suggested by the different
schools are often in disagreement. According to
Branemark et al. [9], both canine guidance and
group function should be tolerated by the patients
treated with fixed prosthesis supported by implants.
In a successive study, Jemt et al. [10] found that the
patients preferred the group function to the canine
guidance. On the contrary, Hobo et al. [11] sugges-
ted that the posterior distribution of the occlusal
loads should generate high lateral stresses on
the posterior prosthetic elements. These stresses oc-
cur during eccentric movements and can be danger-
ous for the implants and the bony tissue of the
support.

The bone—implant interface can bear a high value of
vertical forces, which are parallel to the greater axis
of the implants. On the contrary, it does not sustain
slanting loads, because these can generate bending
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moments and a high stress concentration on the peri-
implant marginal bone [12].

A balanced occlusion is, therefore, not appropriate
for fixed total restorations on implants [13]. In this
case a mutually protected occlusion is preferred. It is
therefore possible to avoid the occurrence of danger-
ous extra-axial forces on the distal sections of edentu-
lous arches during eccentric movements [11, 13].
A disclusion of posterior sections allows a uniform
stress distribution on the implants located in the an-
terior side of the arches, thereby avoiding the danger
of overloads [13]. Reitz [14] suggested the use of
a lingual occlusion in the posterior sections, connected
with an anterior unocclused guidance.

The biomechanical relationship between the differ-
ent occlusal schemes and the loads distribution on the
prosthesis (at the bone—implant interface and at the
peri-implant tissues) is therefore not well known and
has been investigated in only a few cases [11—4].

Within this framework, we developed a three-di-
mensional finite-element (FE) model of a human man-
dible and we analysed the stresses and deformations
computed for loading states induced by two different
gnatologic reconstructions using six and four im-
plants. Occlusal canine guidance, and posterior and
anterior group functions on cantilevered and distally
supported prostheses have been simulated. This study
was principally aimed at analysing the stress distribu-
tions generated by the different loading conditions on
either the osseointegrated prosthesis or the bone tissue
surrounding the implants.

2. Materials and methods
The complex geometry of the FE models was con-
structed according to the following procedure. A hu-
man mandible model was imaged in the frontal plane
by a laser digitizer. The mandibular section profiles
were collected at 3 mm increments. All traces were
assembled into a three-dimensional wireframe model
by means of an ordinary three-dimensional (3D) CAD
(AutoCad 12). Each profile was described by a cubic
spline defined by the same number of sections. This
procedure allowed us to optimize the construction of
the solid model which was obtained by skin groups.
The 3D solid and FE models of the mandible and the
implants were developed using SDRC I-DEAS VI-i
software. The wireframe curve sections were used to
define the mesh areas and volumes. The final man-
dibular FE model was formed by parabolic tetrahed-
ral elements while the full-arch rigid superstructure
was designed using linear and parabolic wedge solid
elements.

Two 3D solid models of full-arch implant—pros-
thetic restoration have been realized:

1. a mandible with six implants and a prosthetic
superstructure made of a gold—ceramic rod (Fig. 1b);

2. a mandible with four implants and a prosthetic
superstructure made of a gold—ceramic bar with distal
extensions (Fig 1a).

In both models the implants are placed symmetric-
ally to the midsagittal plane on the two sides of the
mandible.
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Figure 1 Full-arch bridge and mandible models used in the FE
analysis.

The FE models were restrained from displacements
in and rotation around the three principal axes at the
condile base and loaded at the anterior and posterior
group functions and canine guidance.

After the definition of the FE models, an appropri-
ate choice of materials was made. The bone, the im-
plant and all rigid structure prosthesis materials were
considered isotropic.

Moreover, as indicated in Fig. 2 where an implant
and the mandible section are shown, the cortical ex-
ternal bone and internal cancellous characteristics of
the mandibular bone have been considered in the FE
modelling and in the definition of the bone properties.
Different mechanical characteristics have been as-
signed, therefore, to the internal and external model
finite elements of the mandible. The material’s proper-
ties are reported in Table I.

The values of the mechanical properties of the corti-
cal and cancellous bones represent a human mandibu-
lar case [15] while those of the rigid titanium alloy
and of the ceramic and a gold alloy were taken from
the technical literature [16, 17].

3. Results and discussion
In this study we develop a 3D FE analysis, aimed at
estimating the deformations and stresses generated by



Figure 2 Detail of the implant—bone FE model used in the simula-
tion. Green, cancellous bone; yellow, cortical bone; red, titanium
alloy.

TABLE I Mechanical properties of the material used in the FE

Material E (GPa) Poisson’s ratio

Cortical bone 15 0.25
Cancellous bone 1.5 0.29
Titanium alloy 110 0.29
Gold alloy 120 0.25
Ceramic 60 0.29

eccentric loads. The forces have been applied on the
prosthetic structure with different occlusal distribu-
tions of the load (canine guidance, and posterior
group function and anterior group function). They
simulate the eccentric forces generated on the pros-
thetic superstructure, on the implants and the corres-
ponding bone—implant interface.

Three different occlusal schemes have been fol-
lowed:

1. canine guidance;
2. posterior group function;
3. anterior group function.
An eccentric load of 20 N was applied on the work-

ing side (left) in the x—z plane rotated 30° about the
x axis. The load was divided into different proportions
according to the position of the prosthetic dental
elements, which are involved in the load transfer
(canine, incisive, pre-molar and molar teeth). The ec-
centric forces were applied on the left side of the
Figure 3 Six-implant model (first occlusal scheme): map of the stress
distribution in the posterior group function.

mandible, which was chosen as the working side. The
different proportions of the load were determined ac-
cording to the biomechanical behaviour of the man-
dible. The latter acts as a 3°-type lever (the muscle
power is applied between the fulcrum, i.e., the tem-
poro-mandibular joint, and the resistance, i.e., the
dental arches). According to this scheme, therefore,
high loads in the distal sections have been applied in
the simulation of the anterior and posterior group
functions and of the posterior pre-contact [18].

The analysis of 3D models in this study is compara-
tive. It allows us to compare by means of false colours
the intensity and distribution of principal stresses in
the mandible and around the bone implant for the
different restoration situations.

3.1. First model: mandible with six implants
3.1.1. First occlusal scheme: posterior

group function
50% of the load was applied to the molar region while
the remaining 50% of the load was applied to the
pre-molar region, as shown in Fig. 3 where the buccal
(B) and lingual (L) prospects of the principal stresses
distribution in the mandible are shown.

A uniform distribution of stresses on the implants
and at the peri-implant supporting the bone is ob-
served. Stresses are mainly localized on the lingual
side of middle and distal implants. The local high
stresses are 4.2 MPa and 0.9 MPa in the distal and
middle implants, respectively. Stresses in the peri-im-
plant bone reach their highest values on the cortical
bone located disto-lingually to the distal implant
(1.7 MPa) and on the cortical bone located lingually
to the midimplant (0.5 MPa).

By analysing the sections of the mandible at the
implant positions, the stresses in the cancellous and
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Figure 4 Six-implant model (second occlusal scheme): map of the
stress distribution in the anterior group function.

cortical bone surrounding the implants were evaluated.
The stresses are evenly distributed in the cortical and
cancellous bone surrounding the implant, reaching
about 0.2 MPa lingually to the upper part of the
bone—distal implant interface for the posterior group
function.

3.1.2. Second occlusal scheme: anterior
group function and canine guidance

The whole load was applied only to the canine region
in the case of canine guidance while it is shared be-
tween the central and lateral incisors (55%) and the
canine region (45%) in the case of the anterior guid-
ance.

Fig. 4 illustrates the buccal (B) and lingual (L) pros-
pects of the stress distribution in the mandible. These
two simulations show similar stresses distributions
and hence only the anterior group guidance has been
reported. In both cases (concentrated anterior load
and distributed load) the maximum principal stresses
on the implants (5.7—5.8 MPa) are higher than those
found in the previous scheme with the posterior group
function (4.2 MPa).

The highest bone stresses for the antero-occlusal
schemes were found disto-lingually to the distal im-
plant spread on the adjacent peri-implant cortical
bone. The maximum stress on the peri-implant bone
located on the distal implant was 3.0 MPa which,
although higher than that evaluated for the posterior
group functions (1.7 MPa), is also distributed on
a wider cortical bone surface (compare the stress dis-
tributions, in the distolingual areas for the first and
second occlusal schemes reported in Figs 3 and 4).

In the middle implant, the stresses are concentrated
in a small area located lingually to the implant neck;
the highest stress in this area is 1.8 MPa for both
194
Figure 5 Four-implants model (first occlusal scheme): map of the
stress distribution in the posterior group function.

schemes while they are negligible in the mesial im-
plant. The peri-implant cortical bone is not signifi-
cantly loaded for the middle and mesial implants.

The stresses in the cancellous and cortical bone sur-
rounding the implants were also evaluated. The max-
imum stresses are concentrated in the apical—lingual
portion of the bone—implant interface of the
distal implant. The maximum stress value is about
0.7 MPa.

The stress distribution on the working side reveals
that the posterior group function undergoes a reduc-
tion in stress intensity compared with the other oc-
clusal schemes at both the bone—implant interface and
the cortical bone surrounding the implants (especially
for the distal implant).

3.2. Second model:
mandible with four implants with
distal extension

3.2.1. First occlusal scheme: posterior
group function

50% of the load was applied to the molar region while
the remaining 50% of the load was applied to the
pre-molar region, as indicated in Fig. 5 where the
buccal (B) and lingual (L) prospects of the stress distri-
bution in the mandible are reported.

The highest stress found with this occlusal scheme is
4 MPa (on the lingual surface of implant neck).

In the peri-implant bone, the stresses are concen-
trated mainly on the surface area of the cortical bone
located lingually to the implants. In this area the
highest stresses are 0.45 MPa (distal implant) and
0.28 MPa (mesial implant).

A section at the distal implant site is reported on the
right-hand side of Fig. 7 (posterior group function).
The stresses are concentrated in the apical—buccal



Figure 6 Four-implant model: comparison of the stress distribution
in the mandible section at the distal implant site for the posterior
(left) and anterior (right) group functions.

portion of the bone—implant interface. The maximum
stress value is about 0.5 MPa.

3.2.2. Second occlusal scheme:
anterior group function
and canine guidance

The whole load has been applied to the canine region
in the case of canine guidance, while for the anterior
guidance the load is shared between the central and
lateral incisors (55%) and the canine region (45%).

Fig. 7 illustrates the buccal (B) and lingual (L) pros-
pects of the stress distribution in the mandible. As in
the first model, the stress distributions in the two
schemes are quite similar. Stresses are mainly concen-
trated on the lingual side of the distal implant on the
working side. The maximum stresses detected
(5.8 MPa for canine guidance; 6.7 MPa for anterior
group function) are higher than those of the posterior
group function scheme.

In peri-implant bone the stresses are mainly concen-
trated on the cortex located lingually to the distal
implant. Here, the highest value is 1.6 MPa for the
canine guidance and 2.3 MPa for the anterior group
function. A section at the distal implant site is reported
on the left-hand side of Fig. 6. The stresses are evenly
distributed along the bone—implant interface. The
maximum stress is about 0.1 MPa.

As in the first model, an analysis of cortical bone
stress maps reveals that the posterior group function
assures a more uniform distribution in the implants
and a reduction in stresses in the peri-implant bone.
The analysis of the stresses at the interface between
implants and cancellous bone, conversly, showed that
in this case the posterior group function induces
a higher stress in the implant—bone apical area com-
pared with the anterior group function—canine guid-
ance schemes.

4. Conclusions
The different prosthetic architectures do not allow
direct comparison between stresses in the distally sup-
ported and cantilevered restoration for different oc-
clusal schemes. However, the bone—implant interface
is differently loaded by the posterior and anterior
group functions.

In the cantilever system, supported by four im-
plants, the posterior group function produces an api-
cal stress concentration at the bone—implant interface,
while a more uniform stress distribution along the
interface is produced by the anterior group function.
This feature is in accordance with the work of Hobo
et al. [11].
Figure 7 Four-implant model (second occlusal scheme): map of the stress distribution in the anterior group function.
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Conversely, the reverse effect is observed in the
six-implant system. The highest stress concentration
in the aptical zone is induced by the anterior group
function, while a more uniform distribution is ob-
served in the posterior group function scheme.

The biomechanical behaviour of the canine guid-
ance is equivalent to the anterior group function.

1. The occlusal scheme in the stress distribution at
the bone—implant interface and at the cortical bone is
relevant.

2. Within the limits of the FE model simulation, it
seems that the more favourable occlusal scheme for
the cantilevered implant restorations is the anterior
group function, while in distally supported restora-
tions the posterior group function is to be preferred.

3. Further developement of such analysis involves
optimization of the selection of implant type in differ-
ently located mandibular sites according to each oc-
clusal scheme.
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