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An Investigation of Tooth/Implant-Supported
Fixed Prosthesis Designs with Two Different
Stress Analysis Methods: An in vitro Study

TuncerBurak Ozgeli/f, DDS, PhD;" and Ahmet Ersan Ersoy, DDSS, PhD?

Purpose: Tooth/implant-supported fixed prostheses (TIFPs) present biomechanical design prob-
lems, because the implant is rigidly anchored within the alveolus, and the tooth is attached by the
periodontal ligament that allows movement. While TIFP designs with rigid connectors (RCs) are
preferred by many clinicians, the designs containing non-rigid connectors (NRCs) are suggested
as a method to compensate for these mobility differences. However, studies have failed to show the
advantage of one design over the other. This study examined stresses formed around the implant and
natural tooth abutments under occlusal forces, using two dimensional finite element (2D-FEM) and
photoelastic stress analysis methods (PSAM).

Materials and Methods: Connection of TIFP designs were investigated in distal extension situations
using stress analysis interpreted with the 2D-FEM and PSAM. Three TIFP (screw type implant,
3.75 mm X 13 mm) models with various connection designs (i.e., rigidly connected to an abutment
tooth, connected to an abutment tooth with an NRC, connected to an abutment implant with an NRC)
were studied. The stress values of the three models loaded with vertical forces (250 N) were analyzed.

Results: The highest level of stresses around the implant abutment was noted on the TIFPs with
the RC. On the other hand, NRCs incorporated into prostheses at the site of the implant abutment
reduced the level of stresses in bone.

Conclusion: It could be suggested that if tooth and implant abutments are to be used together as

fixed prostheses supports, NRCs should be placed on the implant abutment-supported site.
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MPLANTS may be used in two ways in the

rehabilitation of partially edentulous patients:
implant-supported fixed prostheses or tooth/
implant-supported fixed prostheses (TIFPs).!
The Branemark protocol recommends the use of
the resilient restorative materials for the occlusal
surfaces of the restorations and retrievable de-
sign for the prosthesis. In addition, the protocol
includes the isolation of the implants from the
natural teeth abutments for partially edentulous
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situations, due to the potential difference in the
way natural teeth and implants would react to
static and dynamic loading.?

Skalak does not recommend combining sin-
gle natural tooth and ad modum Branemark im-
plant abutments for TIFPs with rigid connectors
(RCs),*? since this combination of teeth and im-
plants presents a biomechanical challenge. In-
deed, oral implants are rigidly anchored into the
bone and present different viscoelastic properties
than the periodontal ligament around a tooth.
Eventually, there are different stress and strain
patterns in the bone surrounding an implant com-
pared with a natural tooth under masticatory
forces.5® The clinical outcomes associated with
this problem include bone resorption around the
implant neck, bone fracture, fracture of attach-
ment screws, loosening of attachment screws, ce-
ment failure, and intrusion of a natural tooth.'%-!7
While a natural tooth with a healthy periodontal
ligament has a mobility of 50 to 200 pum, an
osseointegrated implant may move only 10 pum,
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which is primarily a result of bone flexibility.5% 8

To compensate for these differences, the use of

non-rigid connectors (NRCs),*!?

or an implant
with a stress-absorbing element (intramobile el-
ement or stress-breaking element), or an implant
with a stress-eliminating space have been recom-
mended by some authors for TIFPs.*710:19-23

Although unequal force distribution has been
demonstrated in in vitro studies, this has not usu-
ally been found to be detrimental to the implant
and the surrounding tissues observed in in vivo
studies.!”?*2% However, there is disagreement in
the literature on the use of RCs, NRCs, or implants
with a stress-absorbing element in the TIFP. For
example, McGlumphy claimed that rigid and re-
silient stress-absorbing elements do not take part
in the stress distribution under the static loading
conditions.?’” Rossen et al also reported that the
variation in the E-modulus of the stress-absorbing
element had no effect on the stresses in the bone.?®
Misch and Ismail compared TIFP designs with the
NRC placed on the tooth side and designs with
an RC using a three-dimensional finite element
stress analysis (3D-FEM) and found no differences
between the two models.?? In addition, Melo et al
stated that the use of NRCs in the TIFP did not
result in any reduction of stress in the surrounding
bone.’ In their in vitro study, Menicucci et al
found that static loading is more harmful than
the transitional loads, and they concluded that
the periodontal ligament plays the key role in the
force distribution between a tooth and a rigidly
connected implant.?!

On the other hand, the role of the NRCs be-
tween the natural tooth and implant—especially
the location of the NRC (i.e., site of the natural
tooth or site of the implant)—has not been studied
in detail.

In this in vitro studys, it is hypothesized that var-
ious connection designs in the TIFPs may change
the load transfer between implant and tooth abut-
ments. Therefore, the purpose was to examine the
stress distribution on the supporting structures of
the TIFPs under static vertical loads with the 2D-
FEM and the photoelastic stress analysis methods
(PSAM).

Materials and Methods

In our study, TIFP designs for a case of distal extension
partially edentulous mandible were evaluated. Three

Table 1. Fixed Prosthesis Designs Used in this Study

Fixed Prosthesis Designs

Model 1 The second premolar and the implant are
connected rigidly

Model 2 The second premolar and the implant are
connected by a non-rigid attachment
with the matrix connector positioned on
the distal side of the second premolar

Model 3 The second premolar and the implant are
connected by a non-rigid attachment
with the matrix connector positioned on
the mesial side of the implant

models, each with a different FP design, were prepared
for 2D-FEM and PSAM (Table 1).

It was assumed that first and second molars were lost
in 2D-FEM and PSAM models and the implant (3.75 x
13, Paragon, SBM, Core-Vent, Las Vegas, NV) was
placed in the second molar region.

2D-FEM

Wheeler’s measurements®? were obtained as reference
for fabricating the first and second premolar teeth.
Posterior mandibular region height was determined
as 23 mm, cortical bone thickness was determined as
1.5 mm, and the periodontal membrane width was
accepted as 0.2 mm. The axes of natural teeth and
implants in models were prepared as compatible with
the Spee Curve (Fig 1).

The modeling of implants and the supporting ele-
ments was performed according to the manufacturer’s
manual, and general rules were applied for the prepa-
ration of natural teeth and creation of metal ceramic
restorations.’®3! Ni-Cr alloy was used as a metal sub-
structure material (Table 2).

In designs where the attachment was placed on
the tooth, heavier preparation was required to accom-
modate the attachment. T-123 (Metalor, Neuchatel,
Switzerland) slide-type attachment, which is indicated
for FP, was used as the NRC. The vertical direction
length of the NRC was fixed as 5 mm for all FEM models.

The materials used for the models were evaluated
as homogenous, isotropic, and linear, and the osseoin-
tegration of the implants was accepted as 100%. In the
mathematical model, while the implants were directly
in contact with the bone, the natural teeth had primer
mobility within the borders of the periodontal mem-
brane. Also, the matrix and the patrix surfaces of the
NRC of the TIFP were allowed to vertically move on
each other where their surfaces were in contact.

The model drawings were created by Marc
K7.2/Mentat 2001 (MARC Analysis Research Corpo-
ration, Palo Alto, CA) and a FEM Program (Bias
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Figure 1. Models analyzed
in our study. (A4). Model 1.
The second premolar and
the implant are connected
rigidly. (B). Model 2. The sec-
ond premolar and the im-
plant are connected by a
non-rigid attachment with
the matrix connector posi-
tioned on the distal side of
the second premolar. (C).
Model 3. The second pre-
molar and the implant are
connected by a non-rigid at-
tachment with the matrix
connector positioned on the
mesial side of the implant.
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Electronics, Mechanical, Computer, Engineering, Con-
sulting, Inc., Ankara, Turkey). The drawing models
obtained with this process were transformed to 2D solid
mathematical models with auto-mesh technique. These
models were divided into triangular elements. The de-
gree of the knot points’looseness was evaluated as three.
The displacement of these points helps calculate the
stress changes that occur in the structure.

Linear static analysis was performed on the prepared
2D solid models with a total masticating force of 250
N, at a right angle (0° to the long axis of supports)
(Fig 2). The maximum equivalent Von Mises, which is
the total value of the pressure, the tensile, and the shear
tensions, was evaluated for each model on four planes

(Fig 2).
2D-PSAM

The photoelastic resin (PL-2 and PLH-2, Measurements
Group Inc., Raleigh, NC) used in our study was devel-
oped as a coating material for the photostress method.
This material was preferred because it has often been

35-38 and it allows deli-

used in the worldwide literature,
cate evaluations due to its compatibility to 2D-PSAM.

The metal second premolars, which would be used as
supports of FPs, were prepared with Ni-Cr alloy (Kera N,
Eisenbacher, Dentalwaren GmbH, Autbrennlegierung,
Germany) cast at average size according to the Wheeler
Specifications.?? The cast tooth supports were prepared
with a chamfer 1 mm above cole. On the models where
NRC (T-123, slide-type attachment, Metalor, Neucha-
tel, Switzerland) would be placed on the supporting
cast tooth, excessive preparation was performed on the
distal side of the cast tooth. A vinyl polysiloxane-based
impression material with 0.2 mm thickness was used
for simulating the periodontal membrane. Cemented
two-piece nonrotational abutments were preferred for
the implant supports. Although no preparation was
performed for the two-piece non-rotational abutments,
their height was standardized at 8 mm.

Table 2. Materials’ Elasticity Modulus (E) and Poisson
Proportions (v)

Material Elasticity Modulus Poisson
Properties (E) (Gpa) Proportion (v)
Dentin 18.6 0.31
Implant 110 0.33
Cortical bone 15 0.30
Ni-Cr alloy 218 0.33
Enamel 84 0.33
Periodontal 2 0.45
Porcelain 69.0 0.28
Pulp 0.002 0.45
Spongiose bone 1.5 0.30

Non-rigid attachment 110 0.33

The photoelastic models were prepared according to
the manufacturer’s directions with width no more than
3.5 to 4 mm and with length approximately three times
that of analyzed implants and metal cast teeth.

Ni-Cr alloy was used as the metal substructure for
TIFP designs, which were finished with porcelain Vita
3D Master (Vita, Zahnfabrik, Bad Sackingen, Germany)
using standard methods. The NRC was placed on Mod-
els 2 and 3 designs with a vertical length of 5 mm
according to the manufacturer’s guidelines. On Model
2, the NRC was placed with the matrix part on the distal
side of the second premolar, and the patrix part was on
the main body. On Model 3, the matrix part was on the
implant support, and the patrix part was on the main
body.

Before the loading process all photoelastic models
were lubricated with machine grease for clearer images.

Each TIFP type was cemented on its own model
with phosphate cement, and the models were placed
and loaded on the polariscope where the stress analyses
were performed. As the masticating forces in total were
accepted as 250 N in our study, loading was executed at
this value. Loading was performed parallel to the longi-
tudinal axis of the implant and metal teeth supports.

Asindicated in the studies of Alves et al,*® the loading
of photoelastic experimental models via opposing arch
teeth would generate a more realistic load transfer.
Thus the loading mechanism was formed with the same
principles.

The images captured at the loading area were dis-
played with the aid of a digital camera (DSC-F 707,
Cybershot Digital Camera, Sony, Japan)

The photoelastic stress analyses of the stress struc-
tures that occurred during loading were evaluated based
on the concentration, the number, and the localization
of color bands formed around supporting cast natural
teeth and implants. For this reason 10 areas were de-
fined around supporting structures (Fig 3). The stress
concentration of photoelastic models was evaluated ac-
cording to the values in Table 3.

Results
2D- FEM Findings

Model 1 (The second premolar and the implant are con-
nected rigidly): The peak stress values were located

Table 3. Stress Concentration Values of the Photoelas-
tic Models

No stress concentration
Low-level stress concentration
Mid-level stress concentration
High-level stress concentration

QLN — O
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Figure 3. Simulated bone surrounding tooth and im-
plant models was divided into ten zones to facilitate
analysis of the stress patterns: Zone 1 = mesial alveolar
crest, premolar; Zone 2 = mesiocervical third, premolar;
Zone 3 = apical third, premolar; Zone 4 = distocervical
third, premolar; Zone 5 = distal alveolar crest, premo-
lar; Zone 6 = mesial alveolar crest, implant; Zone 7
= mesiocervical third, implant; Zone 8 = apical third,
implant; Zone 9 = distocervical third, implant; and Zone
10 = distal alveolar crest, implant.

at the cortical bone region of the implant along
Lines 3 and 4. The maximum stress values on
the mesial and the distal crestal region of the
implant bone interface was 99.04 and 89.44 MPa,
respectively. The maximum stress values gener-
ated around the natural tooth were 2.778 MPa
along Line 1 and 3.602 MPa along Line 2. The
equivalent Von Mises stress contours for the rigid
connection configuration are shown in Figure 4.

Model 2 (The second premolar and the implant are
connected by a non-rigid attachment with the matrix con-
nector positioned on the distal side of the second premolar):
The highest equivalent Von Mises stress values
were obtained on the cortical bone region of both
the distal and the mesial sides along Lines 3 and
4 with values ranging between 97.85 and 87.91
MPa, respectively. The maximum stresses around
the natural tooth were 2.935 MPa along Line 1
and 3.56 MPa along Line 2. The Von Mises stress
contours for Model 2 are shown in Figure 5.

Model 3 (The second premolar and the implant are con-
nected by a non-rigid attachment with the matrix connector
positioned on the mesial side of the implant): The highest
equivalent Von Mises stress values were 77.59
and 64.86 MPa, and these values were located on
the cortical region of the implant abutment along
Lines 3 and 4. The stresses around the natural
tooth were 3.068 and 3.59 MPa along Lines 1 and
2, respectively. The equivalent Von Mises stress
contours for Model 3 are shown in Figure 6.

Maximum equivalent Von Mises stress values
on selected critical regions of the models are sum-
marized in Table 4.

2D-PSAM Findings

Model 1 (The second premolar and the implant are con-
nected rigidly): Zone 8 exhibited the largest stress
magnitude around the implant abutment, fol-
lowed by Zones 6 and 7. Little or no discernible
stress was observed in the apical supporting areas
of the tooth (Fig 7).

Model 2 (The second premolar and the implant are
connected by a non-rigid attachment with the matrix
connector positioned on the distal side of the second pre-
molar): The greatest stress levels were observed in
Zone 8, followed by Zones 6 and 7. These stress
patterns were similar to Model 1. Very little stress
concentration was observed in Zone 3, which rep-
resented the apical area of the tooth (Fig 8).

Model 3 (The second premolar and the implant are
connected by a non-rigid attachment with the matrix
connector positioned on the mesial side of the implant):
Compared with Models 1 and 2, generally, Model
3 concentrated less stress in Zone 8. While a small
reduction of stress concentration was noted in
Zone 8, no changes of stress pattern were noted
in any other area of the implant support. Conse-
quently, a more uniform stress distribution was
seen in this model (Fig 9).

Two-dimensional photoelastic model analysis
results are presented in Table 5.

Discussion

PSAM and FEM models have been used exten-
sively to study the biomechanics of stress transfer
in dentistry; however, both methods have some
limitations inherently. In PSAM, the resin which
is used to simulate bone has different homogene-
ity and isotropic characteristics than does actual
bone. In addition, the Ni-Cr alloy and the vinyl
polysiloxane-based impression material cannot
accurately act as a natural tooth in its periodontal
ligament. The FEM program used in this investi-
gation also has several limitations with respect to
the unrealistic simulation of material properties
of the structure. The program assumes that the
bone, the tooth, and the periodontal ligament are
homogeneous, linear-elastic, and isotropic. Fur-
thermore, both methods assume that the bonding
of the bone and the implant is perfect and all static
mastication forces applied to FPDs were loaded
axially in this study. However, the mastication
forces are dynamic and oblique relative to the
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Figure 6. The stress con-
centration in FEM Model 3.

occlusal surface of TIFPs, and the interference
between the implant and the bone is dynamic
in reality. Consequently, it is usually impossible
to reproduce all the details of natural behavior.
Due to these limitations, the values obtained in
this study may not resemble actual values but, at
most, these may show the stress differences and
advantages of various TIFP designs.

In the 2D system, it is assumed that out-
of-plane deformations, strains, and stresses are
negligible. This may reduce the cost of analysis,
but it also introduces more error due to the as-
sumed artificial boundary conditions.*” Recently,
3D models have been preferred because more
realistic results can be obtained.?*3140-4* Tg date,
the 2D method has been used when numerous,
varied models and designs are evaluated in the
literature.?0-3%39:45-50 A many models and designs
were analyzed in this study, we decided to use the

2D models for both methods.

Table 4. Von Mises Stresses at Critical Regions (MPa)
with Vertical Loading of 2D FEM Models

Natural Implant
Tooth (MPa) Abutment (MPa)
Line 1 Line 2 Line 3 Line 4
(mesial) (distal) (mesial) (distal)
Model 1 2.778 3.602 99.04 89.44
Model 2 2.935 3.56 97.85 87.91
Model 3 3.068 3.59 77.59 64.86

lcasel
Equivalent Yom Mises Stress

In our study both similarities and differences
between PSAM and FEM models were found in
the stress areas around the implant support. With
FEM models, the force distribution opposite the
vertical forces was transmitted to the bone along
the long axis of the implant, and the distribution
was intensive in the mesiocervical area, descend-
ing apically. Maximum stress values intensified
in the surrounding cortical bone of the implant
support neck area, especially up to the first 7th and
8th grooves of the implant. Unlike FEM models,
we observed that the maximum stress formed in
the mesiocervical (first 3 and 4 grooves) and apical
area (last six and seven grooves) of the implant
supports in the PSAM models. A possible reason
for maximum stress formation in mesiocervical
and apical areas of the implant supports could be
that photoelastic resin material, which simulates
bone in the PSAM models, has a homogeneous
structure. However, with the FEM models, the
alveolar bone is formed by two different structures
(i.e., cortical and spongious) with different elastic
moduli.

We observed stress increase on the mesiocervi-
cal surface of the implant supports with all TIFP
designs in both PSAM and in FEM models. The
implants’ movement in alveolus is at the micron
level due to the rigid anchorage between bone and
implant.!®2%5! While masticating forces intrude
the natural tooth into alveolus, they may cause
stresses with the implant supports. Compared
with natural teeth, implants’ rotation center is
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Figure 7. The stress concentration in photoelastic

Model 1.

much higher—at the crestal bone level. Therefore,
the stress accumulation occurs in the cortical bone
area, due to the movement of the implant around
this rotation center. Another reason stresses ac-
cumulate in this area is the formation of the
supporting bone tissue by two structures — cortical
and spongious plates, which have different elastic
moduli — and the location of more rigid cortical
bone on the outer surface.

No significant stress distribution differences
were observed between Models 1 and 2 designs in
both the PSAM and the FEM models. These results
are compatible with previous studies. Breeding et
al evaluated different TIFP designs and reported

Figure 8. The stress concentration in photoelastic
Model 2.

Figure 9. The stress concentration in photoelastic
Model 3.

no differences between the TIFP designs with the
RC and the NRC that were placed on the natural
tooth side.” Misch and Ismail also had similar
results with 3D FEM analysis.?

Bechelli suggested that the NRC should be
placed on the implant support side with the TIFP
designs to protect the implant from torque effects.
He also indicated that this design has many ad-
vantages, such as allowing the physiological move-
ments of the natural tooth, the equal distribution
of forces on the implant and natural tooth, and
the protection of the implant from torque effect.
In addition, if the mobility of the natural tooth
increases due to periodontal problems or extrac-
tion is needed, this will not affect the implant,
which will be ready to use for an FP.!? These
recommendations are consistent with our study,
in which a decrease in the stress formed on the
implant side was observed with both PSAM and
FEM models of Model 3 designs. On the other
hand, with vertical loading in both PSAM and FEM
models, stresses formed on the mesiocervical area
of implant support were higher compared with the
distocervical area in all three designs. In other
words, although lower stress values were noted in
Model 3 design compared with Models 1 and 2
designs, stress accumulation on the mesiocervical
region of the implant support did not disappear
completely, and therefore, the forces applied to
TIFPs were not equally distributed onto the sup-
ports.
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Table 5. Stress Values of Vertical Loading in All Designs

Natural Tooth Implant Abutment
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10
Model 1 0 0 1 0 0 2 1 3 0 1
Model 2 0 0 1 0 0 1 3 0 1
Model 3 0 0 1 0 0 1 1 3 0 0
Conclusions 4. Skalak R: Aspects of biomechanical considerations. In:

Within the limitations of this study, the following
conclusions were drawn:

1. Inboth the FEM models and the PSAM models,
no differences of stress distribution were ob-
served between the non-rigid design where the
non-rigid attachment was placed on the natural
tooth side (Model 2) and the rigidly attached
design (Model 1).

2. In the FEM models and the PSAM models
where the non-rigid attachment was placed
on implant support (Model 3), a decrease was
noted in the stresses on the implant support.

3. Different TIFP designs did not affect the
stresses formed around the natural tooth.

As a result of our study, it could be suggested
that if both natural tooth and implant were used
as supports for FPDs, the non-rigid attachment
should be placed on the implant-supported side.
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