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ABSTRAC

Purpose: To compare the impact of different bridge constructions and different loads on
stress distribution in bridges.

Design/methodology/approach: The study was conducted on 96 computer models of
both premolars and molars that simulated a missing second premolar restored with a bridge
supported on crown inlays or onlays. Simulations were made of a bridge constructed from
four different materials: Au alloy, Cr/Ni alloy as well as two kinds of glass fibre-reinforced
composites: Targis Vectris and FibreKor /Sculpture. The study was conducted using the
finite element method (FEM). The results were analysed with PQStat statistical software
version 1.6.

Findings: In none of the analysed cases did stresses appear capable of damaging the
bridge construction. Reduced stresses were lower in glass fibre reinforced composite
materials than in metal alloys.

Practical implications: The force application point has a decisive influence on stress
distribution in the hard dental tissue and in bridges. The highest stress values occurred at
the loading of the pontic tooth.

Originality/value: The force application point has a decisive influence on stress distribution
in the hard dental tissue and in bridges. The highest stress values occurred at the loading
of the pontic tooth.
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1. Introduction

Resin-bonded fixed partial dentures (RBFPD) have
been accepted as a significant means of replacing missing
teeth in prosthodontics since Rochette introduced this
concept in 1973 and have now been extended from anterior
teeth to the posterior regions of the jaw, with their heavier
occlusal demands [1-9]. They are usually used in
implantology during periods of bone regeneration or
implant osseointegration [10-12].

Adhesive bridges can be made on a metal alloy
substructure veneered with a composite, a ceramic or with
glass fibre reinforced composites (FRC). Prosthetic
treatment involving the use of adhesive bridges is still a
cause of some concern in dental practice as the method
involves some risk of failure.

However, more complicated geometry and design
structure, low retention rate of RBFPD, in contrast to
conventional fixed partial dentures (FPD), is still a vital
issue in prosthetic dentistry. The low retention rate between
the retainer and abutment tooth usually causes interface de-
bonding between metal and abutment teeth after under
repeated loading during long- term use [13-19, 3-9].
In order to provide superior bonding strength and reduce
the stress at the prosthesis/abutment teeth interface, many
studies have presented several effective techniques to
improve the adhesive agents or new materials instead of the
original rigid metal retainers [15-26]. However, clinical
experience still shows unsatisfactory survival rate (only
40%) for mandibular RBFPD prostheses [15-17,19,21,22].
The most common cause of failure in bridges made from
FRC type materials is fracturing of the pontic and
separation of the veneering composite from the fibres [13].
Lhic survival rate for bridges on a metal alloy substructure
is 25% after 15 months, while the 5-year survival rate for
FRCs is 87.7-64% [25-30].

Adhesive bridges can be made on a metal alloy
substructure veneered with a composite, a ceramic or with
glass fibre reinforced composites (FRC). The present study
compared the reduced stresses that occur in bridges made
from different materials supported on inlays or onlays.

2. Material and methods

2.1. Material

The study was carried out on 96 computer models of
mandibular premolars and molars simulating a missing
second premolar that was restored with a bridge supported
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on inlays or onlays. A simulation was made of a bridge
constructed from four different dental materials: gold
alloys, chrome-nickel alloys, Targis /Vectris glass-fibre
reinforced composites (Ivoclar, Schaan; FL Lichtenstein),
and FibreKor /Sculpture glass-fibre reinforced composites
(Jeneric/Pentron, Wallingford, CT; USA).

Table 1 presents the mechanical properties of the
materials used for numerical analysis [31-33]. Each model
was subjected to four loading variants with forces of 200
N: in variant one the force was applied in equal measure to
the crown cusps and the centre of the occlusal surface of
the pontic; in variant two the force was applied at the tip of
the cusp of the first premolar; in variant three the force was
applied to the centre of the occlusal surface of the pontic,
while in the fourth variant the force was applied to the tips
of the cusps of the first molar. These are the mean forces
that occur during mastication in the region of the molars and
premolars in patients with fixed prosthetic restorations [34].

Tensile strength (R,) is the highest stress value
corresponding to the greatest force achieved during a trial,
in relation to the initial surface size [31].

Distinct yield point (Re) is the stress at which a distinct
extension in the stretched sample occurs without any
increase or even with a decline in loading [31].

Compressive strength (R.) is the ratio of the greatest
loading force resulting in damage (crumbling or cracking) to
the sample in relation to its original cross-sectional area [31].

2.2. Methods

The study was conducted according to the finite
element method (FEM) using a flat, two-dimensional
model of abutment teeth and a fixed restoration created on
an ATHLON 1500 XP computer with the ANSYS 10
(ANSYS v. 10; ANSYS Inc., Canonsburg, PA, USA) [35].
Two-dimensional models of mandibular premolars and first
molar were produced on the basis of anatomical data taken
from the literature [36]. For calculation purposes the model
was divided into 220,000 finite elements. Selected
coordinates of point outlining the tooth projections on the
XY plane were entered in the XY axis configuration into
the computer programme. Appropriate points were joined
together with lines. These lines formed the base for
creating surfaces. In this way a flat, two-dimensional model
was formed that reflected the shape and dimensions of the
teeth. The first premolar possessed the following
dimensions of a crown: length: 22.5 mm, width 7 mm on
the circumference, which narrowed around the cervix area
to 5 mm, while the root was 14 mm in length and
surrounded by periodontal ligaments 0.2 mm in width.
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Table 1.

Mechanical properties of materials used for FEM calculations, MPa

Material Young’s modulus, MPa  Poisson’s ratio v, - R, MPa R., MPa R., MPa
Gold alloy 7.5-10* 0.3 414-828 207-620 -
Cr-Ni alloy 2.4-10" 0.33 421 359
Targis/ Vectris Pontic 1.55-10* 0.3 700 --- ---
Targos/Vectris Frame 4.88-10° 0.31 1300 - —
FibreKor/ Sculpture 1.15-10* 0.3 938
Composite 1.37-10° 0.35 142
Enamel 8.4-10* 0.33 11.5 384

Dentine 1.86:10° 0.31 105.5 297.0

Periodontium 68.9 0.45 - —— -
Cortical bone 1,1 10* 0.3 — —— —
Cancellous bone 1370 0.3 - —— -

Resin cement 2400 0.4 50 --- 220-300

Phosphate cement 2.24-10" 0.25 3-5 --- 96-130

The tooth in the pontic possessed the following dimensions:
length: 8.5 mm, width 7 mm on the circumference, and
5 mm in the cervical area. The first molar had the following
parameters: length: 20 mm, width 10 mm, narrowing in the
cervical area to 8 mm, the roots: length 12 and 13 mm,
respectively, and surrounded by periodontal ligaments
0.2 mm in width. Computer models were fixed in places
coinciding with actual tooth supports. Static loading was
applied. Forces of specific value and direction were applied
to the nodes. In each variant, we considered a bridge
construction supported on inlays and onlays. In each case
simulations were made of a bridge made from four different
dental materials: It was assumed that the materials forming
the model are isotropic and with linear-elastic mechanical
characteristics (Figs. 1,2).

Fig. 1. Construction supported on inlays
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Fig. 2. Construction supported on onlays

The results were analysed using PQStat statistical
software ver. 1.6.

The differences between the results for the inlays and
onlays were analysed using the Student's t-test for
dependent variables as well as the Hotelling’s multi-
dimensional test.

Test probability was regarded as significant at p< .05,
and as highly significant at p<.01.

3. Results

The results were presented in the form of colour maps
of normal stresses oy, oy and reduced stresses GOreq
according to the Huber-Mises-Hencky hypothesis. These



stresses are calculated according to the strength hypothesis
of shear-deformation energy for complex stress conditions,
which are as dangerous for a given material as those
stresses that occur with simple stretching. In the case of
isotropic materials with linear mechanical characteristics,
these stress values indicate the material straining (i.e. the
stress conditions in the material that create a risk of
material damage occurring) [37]. The colour code, ranging
from navy blue to red in the computer printout legend,
accords with an increase in stress values. Identical
colouring in a given area of the mathematical model
indicates approximately the same stress value there.

3.1. Comparison of stress distribution in
bridges depending on the material used
and the construction

Figures 3 and 4 compare reduced stresses in bridges
made from Au and Cr-Ni alloys as well as FibreKor/
Sculpture and Targis/Vectris composite materials
supported on inlays and onlays. Tensile strength (R,,) for
gold alloy is 207 MPa, for Cr-Ni alloy is 359 MPa, for
Sculpture composite is 142 MPa, for Fibre/Kor fibres is
938 MPa, for Targis composite is 140 MPa, for Vectris
Pontic and Frame fibres is 1000 MPa [31].

100
90
80 |

T 70 .

o

= 60 - DAy alloy

@ 5 BCr/Ni alloy

a D Sculpture Fibre-Kor
@ 40 - ' ;

=~ B TargisNectris

@“ 30 |

20
10 4
0 4

Loading variants

Fig. 3. Construction supported on inlays, Stresses in bridge
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Fig. 4. Construction supported on onlays, Stresses in bridge
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The Student's t-test for dependent variables comparing
the results presented in diagrams 5 and 6 indicate no
significant difference - t=0.60, df=15, p=0.5584.
Additionally, a Hotelling’s three-dimensional test was
performed on three parameters, i.e. dentine, enamel and
tensile strength. It showed no significant difference
between constructions supported on inlays and onlays —
TA2=2.07, F=0.60, df1=3, df2=13, p=0.6274). In all these
cases stress concentrations did not exceed the tensile
strength for the materials used in the study.

3.2. Comparison of stress distribution in the
hard tissue of teeth in bridges depending
on the loading method

No statistically significant difference was observed
between constructions supported on inlays and onlays —
t=1.30, df=3, p=0.2850). Stress concentrations were
observed in dentine at the height of the neck of the first
premolar in the case of the bridge construction supported
on onlays (Fig. 5) as well as at the border between the tooth
in the pontic and the inlays (Fig. 6).

No significant difference was observed between
constructions supported on inlays and onlays - t=0.24,
df=3, p=0.8236). Concentrations mainly appeared at the
mesial tangent of the root of the first premolar as well as in
the gingival area at the border of the pontic tooth and the
onlay supported on the first molar (Figs. 7,8).

A significant difference was observed between
constructions supported on inlays and onlays - t=3.22,
df=3, p=0.0485, i.e. higher results after using inlay-based
constructions. Concentrations occurred at the border of the
pontic tooth and the inlays (Figs. 9,10).

NODAL SOLUTION AN

STEP=1

.048248

Fig. 5. A bridge made out of FibreKor/Sculpture material
supported on onlays
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Fig. 7. A bridge made out of FibreKor/Sculpture material crown inlays
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No significant difference was observed between
constructions supported on inlays and onlays — t=-0.06,
df=3, p=0.9530). Concentrations appeared on the distal
tangent of the distal root of the first molar (Figs. 11,12).

NODAL SOLUTION

STEP=1
SUB =1
TINE=1 =
SEQV (AVG;

DHX =.126475
SN =.014637
SHX =41.515

Vi
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4.626 13.848 23.07

Fig. 12. A bridge made out of Targis/Vectris material
supported on onlays

4. Discussion

Strength testing cannot be performed on teeth in the oral
cavity as this could lead to tissue damage. The two-
dimensional FEM method was employed in the present
study. The scale of the problem addressed in the study did
not allow for a solid model. Hence, the focus was on a two-
dimensional model. The compliance of FEM test results with
actual conditions depends among other things on there being
agreement between the shape, dimension and material data
and loading character of the model on the one hand and the
vaiues observed in the studied construction on the other. The
shape and dimensions of the model were a reproduction of
average, standard mandibular molars and premolars as set
down in Wheeler’s “Atlas of Tooth Form” [36]. The values
for Young’s modulus and Poisson’s ratio for the materials
used in the model were taken from the literature [31-33]. In
the specialist literature the same numerical values are
repeated for the majority of the materials. On the other hand,
although many studies have focused on the problem of
studying the physical properties of the compact and
cancellous bone, the reported values for these tissues vary
significantly [37-39]. The values reported in the literature
vary depending on whether the studies were performed on
fresh or dried samples, as well as on the kind of bone used
(femur, humerus, etc.), the physical condition of the donor
and the age of the patients [40]. Bearing in mind these facts
we adopted those values presented by Ho Ming-Hsun [32] in
a study on the mandibular bone, i.e. compact bone E = 1370
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MPa, v = 0.3, cancellous bone E = 1370 MPa, v =0.3. The
values for Young’s modulus and Poisson’s ratio for
Sculpture Fibre-Kor and Targis-Vectris were obtained from
the manufacturers and literature [33].

In the FEM tests it was assumed that the materials used
in models would be homogenous (they had a homogenous
structure), isotropic (they exhibited the same mechanical
properties in all directions), and had linear-elastic
properties. This means that the stress values in these
materials were proportional to any strain or deformation. In
reality, the materials present in teeth with cemented bridges
do not possess a uniform structure. The majority of the
materials from which teeth are constructed have anisotropic
properties: e.g. dentine, on account of its tubular
morphological structure, and enamel, owing to its prismatic
structure. They have different tensile and compression
strengths. Their mechanical characteristics are nonlinear. In
the FEM tests it was assumed that the connection between
the different materials from which teeth restored with
inlays or onlays are constituted was ideal and remained
undamaged despite any increase in loading. In actual fact,
there is no clinically ideal connection between fixed
prosthetic restorations and the hard dental tissue. This is
due to the imprecision of laboratory production and the limited
tensile strength of the majority of bonding cements [41].

The models were subjected to loading with a vertical
force of 200 N applied to different places on the occlusal
surface of the bridges. Masticatory forces are difficult to
measure, but maximum bite force is useful as a basic
parameter. Its value is dependent on the kind of prosthetic
restoration used as well as on whether the opposing teeth
are natural or not. Besides these factors, the impact of
masticatory forces on teeth in the oral cavity varies over
time, which results in material fatigue (a decline in strength
with changeable stresses). Recreating actual loading
occurring in the oral cavity is difficult in laboratory
conditions [42]. The majority of studies were conducted in
static conditions.

FEM-based calculations reveal a difference in tensile
stresses at the border between the restoration and dental
tissue when using materials with the highest and lowest
elastic modulus values. A low composite cement module
may result in temporary displacement of the restoration.
This concerns in particular the approximal parts of
restorations, which may break off from the axial wall of the
tooth. Such a phenomenon was observed in a pontic tooth
loaded in a bridge (the third loading variant). The
subsequent release of these forces results in the restoration
returning to its position, but this may have the effect of
weakening the connection with the dental tissue, which is
reflected in microleakage and secondary caries. However,
it is important to stress that resinous cements have a fairly
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high tensile strength value (50 MPa) and a relatively low
Young’s modulus when compared with phosphate cements
(3-5 MPa), which have a significantly higher (around 100
times greater) Young’s modulus. For this very reason, the
use of phosphate cements to place prosthetic restorations
made from metal alloy may lead to a loss of connection.

The use of stronger and less soluble cements appears
necessary to reduce the number of clinical failures. It is
very important to ensure that the enamel surfaces of
abutment teeth are properly prepared and the metal surface
suitably conditioned. Inappropriate preparation of these
surfaces increases the danger of gaps appearing at the
margins of the restoration. Using three-dimensional (3D)
FE technology could permit detailed assessment of the
mechanical responses to alternations of biomechanical
parameters. Despite the advantages of the FE technology,
the 3D model is relatively difficult to construct even with a
commercial software pack-age [43,44].

FRC materials offer an interesting alternative in selected
cases of treatment. Nevertheless, careful consideration should
be given to the indications for their use. It is absolutely
imperative that the patient be made aware of the danger of
swallowing or aspiring a detached restoration. The patient’s
consent for such treatment and regular follow-up visits is an
important precondition for using adhesive bridges.

5. Conclusions

A computer simulation of 96 different cases of bridge
constructions produced the following conclusions:

e In none of the analysed cases did stresses appear
capable of damaging the bridge construction. Reduced
stresses were lower in glass fibre reinforced composite
materials than in metal alloys.

¢ The force application point has a decisive influence on
stress distribution in the hard dental tissue and in
bridges. The highest stress values occurred at the
loading of the pontic tooth.
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