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Purpose: The purpose of this study was to use three-dimensional finite element analysis to
analyze stress distribution patterns in Re-Implant implants made of commercially pure
titanium (cpTi) and yttrium—partially stabilized zirconia (YPSZ). Materials and Methods:
Two three-dimensional finite element analysis models of a maxillary incisor with Re-
Implant implants were made, surrounded by cortical and cancellous bone. A porcelain-
fused-to-metal crown for the cpTi implant and a ceramic crown for the YPSZ implant
were modeled. Stress levels were calculated according to the von Mises criteria. Results:
Higher stresses were observed at the area where the implant entered the bone. Stresses
were higher at the facial and lingual surfaces than the proximal ones. In cortical bone and
at the junction of cortical and cancellous bone, stress distribution presented a pattern of
alternating higher (4.0 to 5.0 MPa) and lower (1.3 to 2.0 MPa) stress areas. Higher stresses
were found at the apical third of the implant-to-bone junction as well. Conclusion: Re-
Implant implants presented a patiern of low, well-distributed stresses along the entire
implant-to-bone interface. YPSZ implants had very similar stress distribution to cpTi
implants and may be viable esthetic alternatives, especially in maxillary anterior regions.
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ver the last few years, dental rehabilitation with
osseointegrated dental implants has become a
well-accepted treatment modality. A serious effort is
made to create implants that are more “patient
friendly,” maintaining at the same time the charac-
teristics giving them high success rates.'*
In contrast to the proposed late implant place-
ment 6 to 9 months after the last tooth extraction,’
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researchers now suggest delayed® or immediate im-
plant placement.*® The Re-Implant system was cre-
ated to solve the problem of incongruency between
extraction sockets and conventional screw- or cylin-
der-type implants.”? It is a one-stage root analogue
implant system.'? The titanium implants resemble
closely the anatomy of the extraction socket and are
custom made by means of a computer-aided de-
sign/manufacturing (CAD/CAM) system.”

Root analogue custom-made implants for immedi-
ate placement have several advantages,” the major
ones being reduced soft tissue trauma and fewer sur-
gical procedures. Histomorphometric analysis of the
Re-Implant system was done on monkeys, showing a
mean bone-to-implant contact of 41%.” Biomech-
anical analysis by means of an artificial mouth system
as well as longitudinal clinical studies are underway
for the long-term evaluation of the Re-Implant system.

A new type of Re-Implant implant was created
using yttrium-partially stabilized zirconia (YPSZ) ce-
ramic material instead of commercially pure tita-
nium (cpTi) to fabricate the implant. YPSZ implants
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Fig 1 Implant models to be analyzed. Left: cpTi implant with
porcelain-fused-to-metal crown. Right: YPSZ implant with an all-
ceramic crown; armowhaads = region of the honeycomb surface.

showed the same amount of osseointegration (52.3%)
asthe cpTi implants (52.5%) in an animal experiment
(Kohal et al 2001, unpublished data). YPSZ is a very
strong ceramic material that is used, among others,
for the fabrication of all-ceramic posts and cores.!’17
The new type of implants are restored with cemented
YPSZ posts and Empress-1 (lvoclar) all-ceramic
crowns. This all-ceramic implant-post-crown com-
bination offers excellent esthetics that resemble very
closely the characteristics of the extracted tooth.
The purpose of this study was to use three-dimen-
sional finite element analysis (FEA) to analyze stress
distribution patterns in bone surrounding Re-Implant
implants. A secondary purpose was to evaluate
whether there are differences in stress distributions for
the conventional Re-Implant treatment method, in-
cluding a titanium implant and post with a metal-ce-
ramic crown, and the all-ceramic Re-Implant method,
consisting of a YPSZ implant and post restored with
an all-ceramic crown (Empress-1). Qur hypothesis
was that there are no differences in stress distribution
using FEA between the two treatment methods.

Materials and Methods

This study used Cosmos/M, version 1.65 FEA com-
puter software (Structural Research and Analysis).
The rationales for the selection and the hardware
and software have been previously described.'®.1?
The maxillary incisor was selected because of its
simple shape and its likelihood of being subjected to
oblique occlusal stresses. Measurements taken from
two life-size models of Re-Implant systems (implant-
post-crown; Fig 1) were used to develop the model.
The model of a maxillary incisor (Fig 2) was con-
structed in two versions that allowed varying
assignment of properties so that all experimental

Fig 2 3-D FEA model. The four arrows in the center of the
palatal surface indicate an area of oblique stress induction.

variables could be investigated. One version was a
cpTi(grade 2) Re-Implant implant plus titanium post
restored with a metal-ceramic crown. The second
version was a YPSZ Re-Implant implant plus YPSZ
post restored with an all-ceramic (Empress-1) crown.
The combination of implant and restorative mater-
ial was chosen considering that a ceramic crown
should restore a ceramic implant for optimum es-
thetic results. Each model had the maxillary incisor
embedded in cortical and cancellous bone. Both
versions included modeling for use of glass-ionomer
luting cement in a film thickness of 25 pm. Loads of
10 MPa?® (100 N/mm?2, 10 kg/mm?) were applied
obliquely on the palatal surface at the middle third
of the crown. A total of two models with 6,784 ele-
ments and 20,444 nodes each were constructed.
The element type chosen was a solid, 3-D, eight-
node, hexahedral element.

The mechanical property values required for the
analysis (modulus of elasticity, E, Poisson’s ratio, v)
were taken from previously published data?'22 (Table
1). In this study, the boundary conditions chosen were
as follows. All models were assumed to be 50% os-
seointegrated. Selected areas on the bottom half of the
bone surrounding the implants were fixed for all de-
grees of freedom to stabilize the model in space. The
three rotational degrees of freedom for all nodes in each
model were also fixed. This was a requirement of the
type of stress analysis performed. Key regions were se-
lected within the bone-to-implant junction for com-
parisons among models. The regions were: (1)the level
where the implant enters the cortical bone, (2) within
the cortical bone, (3) the cortical-to-cancellous bone
junction, and (4) the apical third of the implant-to-
bone junction. Comparisons were also done for the two
different prosthetic posts and crowns. Stress levels were
calculated according to the von Mises criteria 2*
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Results were displayed as stress contour plots to in-
dicate regions of maximum stress concentration.
Statistical analyses have only rare applications in
computer-simulated FEA studies. Repetitive calcula-
tions were unnecessary since computer model results
were invariant.?*

Results

Stress outcomes for both crowns were very similar,
so only one of them is shown (Fig 3). There was high
stress concentration at the area of load application.
More stress was distributed to the palatal surface and
very little was transmitted labially, while reduction
was evident in a lesser degree toward the margins of
the crowns. Al the labial and palatal surfaces of the
margins, the stress pattern was inverted, resulting in
high stress concentration (Fig 3). Stress levels and dis-
tribution at the surfaces of the posts were very simi-
lar to those at the surface of the crowns, showing that
stresses were transmitted in full through the bodies of
the crowns and to the posts (Fig 4). There were no dif-
ferences in stress distributions for the posts in the two
treatment groups.

Results for the implants and the surrounding bone
are presented together, with emphasis given to the
bone-implant interface. Figure 5 shows a 3-D close-
up view of the region where the implant enters the
cortical bone. For bath models, stresses were high-
est at the area where the implant entered the bone
(4.5 MPa). Stresses were also higher at the facial and
lingual surfaces compared to the proximal ones (1.3
to 2.0 MPa). There was a considerable drop of stress
levels moving outward into the bone, even within the
first millimeter (two-element width; Fig 5).

For regions 2 and 3 (within cortical bone and at the
cortical-cancellous bone junction) and for both mod-
els, stress distribution presented a pattern of alter-
nating high- and low-stress areas. High-stress areas
{4.0 to 5.0 MPa) coincided with the outside edges of
the honeycomb surface (Fig 1). Lower stress areas (1.3
to 2.0 MPa) were within the confines of the concave
areas of the honeycomb surface.

High stresses were found in region 4 (apical third
of implant-to-bone junction) and were similar for
both implant models (Fig 4). Higher stresses (4.0 to
5.0 MPa) were distributed on the facial and lingual
surfaces. On the proximal surfaces, stresses were
lower (1.0 to 1.5 MPa). The alternating pattern was
not present in these regions.

Discussion

FEA of models of both types of Re-Implant implants
led to some interesting observations regarding the

Table1 Assumptions for the FEA Model

Young's
modulus (MPa)  ratio

stress distribution patterns. Stresses for both crowns
and posts (metal post/metal-ceramic crown, ceramic
post/ceramic crown) were very similar. This obser-
vation is logical, since all materials involved in that
area have very similar Young's moduli (Ti = 100 GPa;
YPSZ = 200 GPa). It was shown in a previous study?*
that unless the Young’s moduli among materials do
not differ more than five- to sevenfold, stress levels
and distributions are similar for the materials. An im-
portant observation is the inversion of the stress dis-
tribution at the margins of the posts and the crowns.
The reason is that the flexural center of the system is
located at and below the margins, and high tensile
and compressional stresses are created along the di-
rection of the applied force (palatolabially).

For both implant types, outcome stress levels were
low (< 5.0 MPa). Higher stresses were concentrated
along the facial and lingual surfaces of the junction
all the way to the apex. Cylindric implants without a
macrosurface pattern similar to the one of the Re-
Implant implants show high stress concentration at
the area where the implant enters the bone,?' but
stress is reduced considerably within the first mil-
limeters of cancellous bone. Screw-type cylindric
implants?? show a wider band of stress concentration
from the crown to the apex, which does not reach the
bottom of the implant.

Distribution of stress over a wider surface is favor-
able, as more bone surface withstands occlusal forces.
The form of the Re-Implant implant copies the root
of the extracted tooth. The root form leads to more
apical distribution of stress. The honeycomb surface
pattern might affect the stress distribution as well. It
increases the surface area where stress is distributed.
Furthermore, the edges of the honeycomb surface
concentrated stresses, while the concave areas were
more protected.
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Since the expectations regarding esthetics in den-
tistry are growing,? research in the field of all-ce-
ramic materials for restoration of the natural dentition
and dental implants was intensified.26-} Although
the crown that abuts the implant may be esthetically
optimal, the possibility exists that the grayish color
of the titanium implant shines through the thin peri-
implant mucosa, thus impairing the entire esthetic re-
sult.?*3% A ceramic implant could solve these esthetic
problems, especially in the anterior region. The ce-
ramic implants used so far (Crystalline Bone Screw?®,
Sandhaus, and the Tiibingen implant*”%, Friadent)
are too brittle and prone to fracture. Their clinical
long-term results are questionable.

The high-performance ceramic zirconia was eval-
uated regarding its use as a dental implant mater-
ial.**" Zirconium dioxide is very stable'*"" and
highly biocompatible.*43 It is used in the fields of
orthopedics** and dentistry.!"13-1645 Re_Implant im-
plants modeled to be made of YPSZ showed low,
well-distributed, favorable stress distribution pat-
terns similar to those of titanium implants and can
be characterized as favorable or nondestructive.

Fig 3 (left) 3-D stress plots of restoration (all-ceramic sys-
tem). The stress plot was similar for the cpTi implant restored with
a metal-ceramic crown and the YPSZ implant restored with an
Empress-1 crown.

Fig 4 (below left) 3-D stress plots of implant-post combinations
(all-ceramic system). The stress plots were identical for the two
models. For this plot, the bone was removed from around the im-
plant.

Fig 5 (below) 3-D stress plots of implant-bone interfaces (all-
ceramic system). For better visualization of the outcome, the im-
plants were removed from the plots. The plots were similar for
the two different models.

Stress values were similar for both models for all re-
gions.

FEA is a basic research tool and is widely used in
engineering and the automotive and aeronautic in-
dustries. In these areas, the material properties can
be calculated with precision, and most of the vari-
ables can be controlled. In bioengineering, how-
ever, where we are dealing with biologic structures
{(bone, soft tissues), the physical properties of these
structures are only approximations, since all materi-
als are considered to be homogeneous and have a lin-
ear response to stress. However, in a living organism,
the response of these structures to stresses is more
complex, and the accuracy of a 3-D FEA relies on the
precision of the simulation model. In conclusion,
the presented results were obtained from a simu-
lated model from which biologic variabilities may
occur. In dentistry, FEA, like any other basic research
method, is used as an initial step and an aid for plan-
ning further laboratory tests and clinical projects that
will reduce inaccuracies inherent with the FEA
method. Clinical projects also have to show the
longevity and success rates of Re-Implant implants.

The International Joumnal of Prosthodontics | 192 | Volume 15, Number 2, 2002




EPIAZIA 40

293

Kohal et al Stress Analysis of cpTi and YPSZ Implants

Conclusions

Under the limitations of the FEA method, the fol-
lowing conclusions can be made:

1. There are no important differences in resolved
stresses between the two different implant-post-
crown combinations.

2. Re-Implant root analogue implants present a fa-
vorable stress distribution at the bone-to-implant
junction.

3. YPSZ implants have stress distribution similar to
cpTi implants and may be a viable alternative, es-
pecially for esthetic regions.
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Maxillary bone grafting for insertion of endosseous implants: Results after

12-124 months.

This study aimed to evaluate the long-term clinical and radiographic results of grafting the maxil-

was also done

lary sinus with autogenous bone grafts. An

of patient satisfactk

using a questionnaire, 99 patients were studied. The mean alveolar bone height between the
maxillary sinus and the oral cavity was 3 + 2 mm as measured on an orthopantomogram. Bone
grafts were harvested from the iliac crest (83 patients, 162 sinuses, 353 implants), the mandibu-

lar , 18 si 37i

ymphysis (14 p

lants), or the

y tuberosity (two patients, two

sinuses, two implants). In 74 patients, bone grafting and implant placement were done in a two-
stage procedure when the height and /or width of the alveolar bone was less than 5 mm. The
other 25 patients underwent a one-stage procedure where bone grafting and implant placement
were performed simultanecusly. There were 72 patients restored with implant-supported over-
dentures and 27 patients restored with fixed partial dentures. The implant survival rate in this
study was 91.8% (32 of 382 implants had to be removed). The survival rate of the implants be-
tween the one-stage and two-stage procedures did not show any significant difference. There
was no significant difference in the implant survival rates between the iliac crest and mandibular
symphysis bone grafts, Patient assessment of their prosthetic reconstructions showed that they
were overall salisfied with the results. The authors conclude that maxillary sinus augmentation
with autogenous bone grafts for implant placement is reliable, with good long-term results.
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