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Abstract Background/purpose: High translucent zirconia has been used as a new monolithic
zirconia prosthesis, which has the potential to make anterior resin-bonded fixed dental pros-
theses (RBFDPs) without veneering porcelain. However, it is unclear whether the RBFDPs
retainer can be thinned as much as conventional zirconia RBFDPs. The aim of this study was
to assess the usability of high translucent zirconia RBFDPs with a thin retainer thickness by
evaluating differences in retainer thickness on the surface strain.
Materials and methods: A model with a missing upper lateral incisor was used. The abutment
teeth were upper central incisor and canine. Three types of RBFDPs were fabricated as fol-
lows: metal RBFDPs with a retainer thickness of 0.8 mm (0.8M), and high translucent zirconia
RBFDPs with a retainer thicknesses of 0.8 and 0.5mm (0.8Z, 0.5Z) (nZ 10). The fitness of the
margins was evaluated by the silicone replica technique. The surface strain of each retainer
under static loading was measured and statistically analyzed using a t-test with Bonferroni
correction.
Results: The marginal fitness of all RBFDPs was under 76.1 mm, which was clinically accept-
able. Each strain of the 0.8Z and 0.5Z groups was significantly lower than that of the 0.8M
(p< 0.05). There was no difference in strain of the zirconia RBFDPs even if the retainer thick-
ness was changed.
Conclusion: Our results suggest that the high translucent zirconia RBFDPs can be manufactured
with a retainer thickness of 0.5 mm, which reduces the amount of tooth preparation compared
to the metal RBFDPs.
t of Fixed Prosthodontics, Division of Oral Health Sciences, Graduate School of Medical and Dental
niversity (TMDU), 1-5-45 Yushima, Bunkyo-ku, Tokyo, 113-8549, Japan. Fax: þ81-3-5803-0201.
.ac.jp (S. Omori).

002
l Sciences of the Republic of China. Publishing services by Elsevier B.V. This is an open access article under
vecommons.org/licenses/by-nc-nd/4.0/).

mailto:s.omori.fpro@tmd.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jds.2020.10.002&domain=pdf
https://doi.org/10.1016/j.jds.2020.10.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/19917902
http://www.e-jds.com
https://doi.org/10.1016/j.jds.2020.10.002
https://doi.org/10.1016/j.jds.2020.10.002


Strain analysis of monolithic zirconia for RBFDPs 629
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Resin-bonded fixed dental prostheses (RBFDPs) are widely
used in clinics because the procedure requires less tooth
reduction than conventional fixed dental prostheses (FDPs).
Among the varieties of materials for RBFDPs, much atten-
tion has been paid to yttria-stabilized tetragonal zirconia
polycrystal because of its high mechanical strength and
esthetics.1e4 Using conventional zirconia as a framework
for RBFDPs, zirconia RBFDPs can be made with thinner re-
tainers (0.5 mm) compared to the retainer thickness of
traditional metal RBFDPs (0.8 mm).5e7 The advantage of
using zirconia is that tooth reduction can be minimized.5,6

Zirconia RBFDPs have also been reported to have better
survival rates than traditional metal RBFDPs.8,9

Conventional zirconia RBFDPs, however, require a
veneering porcelain on the labial surface. The most
frequent clinical complication with zirconia FDPs is chip-
ping of the veneering porcelain.9,10 This is more likely to
occur with zirconia FDPs than metal FDPs.11 Although finite
element analysis has helped elucidate the optimum design
for the zirconia framework in order to minimise porcelain
chipping,12 a monolithic prosthesis would reduce compli-
cations such as chipping and fracture.13

Recently, highly translucent zirconia has been devel-
oped to fabricate single and multiple prostheses with
improved tooth-color matching.14,15 One benefit of high
translucency is better replication of tooth color and
therefore monolithic translucent zirconia FDPs may be a
satisfactory option as esthetic prostheses with monolayer
structures.16,17 Translucent zirconia restorations can be
strongly bonded by sandblasting with alumina and selecting
an adhesive resin cement as with conventional zirconia.18

Moreover, tooth preparation for RBFDPs should be limited
within enamel as much as possible.19,20 Hence, high trans-
lucent zirconia has the potential for fabricating RBFDPs
with thin retainers while maintaining rigidity and preserving
abutment tooth structure. However to date, there has been
no research published, which has investigated the use of
high translucent zirconia for anterior RBFDPs and the effect
of retainer thickness on the surface strain. The aim of this
study therefore was to assess the suitability of high trans-
lucent zirconia RBFDPs with a thin retainer thickness by
evaluating different retainer thicknesses (0.8 mm, 0.5mm)
on surface strain using the strain gage method and
comparing with metal RBFDPs.

Materials and methods

Fabrication of master die

A jaw model with a missing upper right lateral incisor
(D51FE-500 A-QF, Nissin Dental Product Inc., Kyoto, Japan)
was used as the experimental model. The upper right
central incisor and canine were prepared for RBFDPs as
abutment teeth. The palatal surface of each abutment was
reduced by 0.5 mm. A hole with a diameter of 1.0 mm and a
depth of 0.5 mm was formed on the palatal surface. A
groove with a length of 2.0 mm and a depth of 0.5 mm was
formed on each side of the proximal surface. The cervical
finishing line was prepared as a chamfer. All axiogingival
internal line angles were rounded off (Fig. 1).5

After taking an impression of the jaw model with silicone
impression material (Examixfine, GC Corp., Tokyo, Japan),
a metal teeth model of the same shape was fabricated
using a cobalt chromium alloy (Cobaltan clasp, Shofu Inc.,
Kyoto, Japan). This metal model was used as the master
die.

The master die was fixed to an aluminum tube (20.0 mm
length and diameter and 1.0 mm thickness) with self-curing
acrylic resin (Unifast III, GC Corp.). The axial inclination of
the abutments was 45� from the long axis of the abutment
teeth.
Fabrication of RBFDPs

An impression of the master die was obtained using hy-
drophilic vinyl polysiloxane impression materials (FusionII
wash type and monophase type, GC Corp.). The impressions
were poured with type IV die stone (New Fujirock, GC
Corp.). Using this stone die, three groups of RBFDPs (nZ 10
each) were fabricated as follows:

- Metal RBFDPs with a retainer thickness of 0.8 mm (0.8M).
- High translucent zirconia RBFDPs with a retainer thick-
ness of 0.8 mm (0.8Z).

- High translucent zirconia RBFDPs with a retainer thick-
ness of 0.5 mm (0.5Z).
Fabrication of high translucent zirconia RBFDPs

The stone die was scanned using a dental scanner (Lava
Scan, 3 M Deutschland GmbH, Seefeld, Germany) to fabri-
cate translucent zirconia RBFDPs. All parts of the RBFDPs
were designed using CAD software (DWOS LAVA edition,
Dental Wings, Montreal, Canada). Each cross-sectional area
between the canine and pontic was 11.0 mm2 (0.8Z),
11.0 mm2 (0.5Z), and the cross-sectional area between the
central incisor and pontic was 11.1 mm2 (0.8Z), 10.1 mm2

(0.5Z). Translucent zirconia discs (3 M Lava Esthetic Fluo-
rescent Full-Contour Zirconia, 3 M Deutschland GmbH) were
milled on a milling machine (DWX-52DC, Roland DG Corp.,
Shizuoka, Japan) and sintered. Only the labial surfaces of
the translucent zirconia RBFDPs were glazed with glaze
paste (Initial IQ Lustre Pastes, GC Corp.) and sintered once
at 800 �C. All specimens were adjusted to fit the master die,
and all surfaces except for the bonding surface were pol-
ished. Ten specimens each were fabricated for 0.8Z and
0.5Z.
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Figure 1 Tooth preparation image. (a) Hole with a diameter of 1.0 mm and a depth of 0.5 mm. (b) Groove with a length of 2.0 mm
and a depth of 0.5 mm. (c) Cervical chamfer.
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Fabrication of metal RBFDPs

High translucent zirconia RBFDP (0.8Z) was duplicated as a
resin pattern (Pattern resin XF, GC Corp.) for metal RBFDPs
(0.8M). A line 1.0mm inside the outline of the pontic was
defined as the cut-back margin, and the labial surface of
the pontic was reduced by 1.0 mm for the veneering com-
posite resin. Retention beads (Retention beads II set SSS,
GC Corp.) were attached to the bottom of the cut-back
area. The patterns were cast with gold-silver palladium
alloy (Castwell M.C. 12% Gold, GC Corp.), and the cut-back
part facing the composite resin was then veneered (Pear-
leste, Tokuyama Dental Corp., Tokyo, Japan). Finally, the
metal RBFDPs were adjusted and polished to fit the master
die. Ten specimens were fabricated for 0.8M.

Marginal fitting test

All RBFDPs were checked for marginal fit with the master
die using black silicone (Bite Checker, GC Corp.). Then,
cross-sections of the black silicone were measured using
the micron depth and a height measuring machine (Micron
Depth & Height Measuring Scope Model KY-60, Nissho Op-
tical Co., Saitama, Japan) at four regions (incisal, mesial,
distal, and cervical margin).

Cementation

The bonding surfaces of the retainers of the RBFDPs were
abraded with 70 mm Al2O3 airborne particles (0.2 MPa for
10 s at a distance of 10 mm) and ultrasonically cleaned in
distilled water for 10 min. The bonding surfaces of the
master die were cleaned with alcohol, and a primer
(Panavia V5 Tooth Primer, Kuraray Noritake Dental Inc.,
Tokyo, Japan) was applied. The cohesive surfaces of the
RBFDPs were cleaned with alcohol, and a ceramic primer
(Clearfil Ceramic Primer Plus, Kuraray Noritake Dental
Inc.) was applied. The RBFDPs were cemented to the
master die with resin cement (Panavia V5, Kuraray Nor-
itake Dental Inc.) according to the instructions from the
manufacturer.

Measurement of strain

Two triaxial stacked rosette gages (Rosette Gage KFG-1-
120-D17-11N30C2, Kyowa Electronic Instruments Co., LTD.,
Tokyo, Japan) were attached to the palatal surface of each
retainer with strain gage cement (cc33 A, Kyowa Electronic
Instruments Co., Ltd.) using finger pressure for 1min
(Fig. 2). These specimens were stored at room temperature
for 24 h and fixed in position using a jig.

Using a universal testing machine (Autograph AGS-H,
Shimadzu Corp., Tokyo, Japan), the specimens were loaded
with a cross-head speed of 1.0mm/min up to 200 N using a
stainless-steel rod with a 4mm diameter ball end.5,6,21 The
loading direction was 45� to the long axis of the abutment
teeth,22 and the load was applied to the center of the
pontic (Figs. 3 and 4).5,6 The outputs from the strain gages
were recorded using a software (DCS-100 A, Kyowa Elec-
tronic Instruments Co., LTD.) via a sensor interface (300 B,
Kyowa Electronic Instruments Co., LTD.). Then, the
maximum principal strain (εmax) [mε] was calculated as
follows:



Figure 2 Strain gages on each retainer.

Figure 3 Loading direction and location. The loading direc-
tion was at 45� to the long axis of the abutment teeth, and the
load was applied onto the center of the pontic.

Figure 4 Photograph of loading being applied to the pontic.
The specimens were loaded with a cross-head speed of
1.0 mm/min up to 200 N using a stainless-steel rod with a 4mm
diameter ball end.
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where εa, εb, and εc are the strains of each gage component.
This strain gage was composed of three liner gages placed
at the 0�, 45�, and 90� positions (Figs. 2 and 5). Positive
values indicate tensile strain, and negative values indicate
compressive strain. The direction of the maximum principal
strain, which is denoted by the angle q from the axis εa, can
be calculated as follows:
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Statistical analyses

Statistical analysis was performed using statistical soft-
ware (SPSS 22.0, SPSS Inc., Chicago, IL, USA). After
confirming the normality of the data using the
ShapiroeWilk test, the difference in εmax between each
group was calculated using a t-test with Bonferroni
correction. In the same way, the difference in q was also
analyzed. A significant difference was observed when
p< 0.05.



Figure 5 The direction of maximum principal strain (εmax)
and each components of strain gage. Three liner gages were
placed at 0�, 45�, and 90� positions. The direction of εmax is
denoted by the angle q from the axis εa.

Table 1 Results of marginal fitting test [mm].

canine central incisor

Region M D I C M D I C

0.8M 59.5 58.8 76.1 55.3 72.2 56.7 52.5 65.2
0.8Z 45.7 50.4 51.4 62.7 57.0 61.8 63.8 61.0
0.5Z 42.8 53.6 38.5 66.4 42.3 53.7 51.2 46.6

“C” represents cervical margin, “D” represents distal margin,
“I” represents incisal margin, and “M” represents mesial
margin.
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Results

The results of the marginal fitting test are shown in Table 1.
The silicone replica between the abutment teeth and
RBFDPs was smooth and constant. The maximum value of
the mean marginal gaps was 76.1 mm.

The directions of maximum principle strain are shown in
Table 2. All groups appeared to be nearly the same in each
type of abutment (Fig. 7). The retainers on the canine and
central incisors were distorted in the buccopalatal direc-
tion. There was no significant difference among the mean
values of q for each group (p> 0.05).

The mean values of the maximum principle strain are
shown in Fig. 6. The maximum principle strain of 0.8M in
the canine was greater than that of 0.8Z and 0.5Z
(p< 0.001). However, there was no significant difference in
the strain between 0.8Z and 0.5Z. The maximum principle
strain of 0.8M in the central incisor was greater than that of
0.8Z (pZ 0.011) and 0.5Z (pZ 0.020). However, there was
no significant difference in the strain between 0.8Z and
0.5Z (Fig. 6).

Discussion

While there have been a number of studies on fracture
resistance and characteristics of RBFDPs,22e25 there have
been few studies on the strain of RBFDPs using the strain
gage method. In a previous study, the strain gage method
was used to analyze the surface strain or deformation of
prostheses.5,6 Due to the deformation, the stress will
concentrate on the resin cement layer, and prostheses will
debond.26,27 Using the strain gage method, this deforma-
tion can be measured with a high sensitivity.28 This method
can also measure the real strain on dental restorations in
the oral cavity. In another previous study, there was no
significant difference in strain between the in vivo and
in vitro models.29 In other words, the strain gage method
used in vitro, can provide clinically useful information. The
present study mimicked the clinical situation by designing
the shape of RBFDPs to anatomical form and the marginal
gap of RBFDPs was well under 120 mm, a value, which is
clinically acceptable.30 In order to measure the strain
under severe conditions, a force of 200 N was applied to the
center of the pontic assuming a maximum occlusal force
(210.5 N) from an angle of 45� to the long axis of the
abutment teeth.21,22 One metal (cobalt-chromium alloy)
model was selected and artificial periodontal ligaments
were not used in order to eliminate all other factors except
the difference of the RBFDPs.

Deformation of prostheses is determined by the moment
of force and the elastic modulus. The reason why the sur-
face strain of metal RBFDPs (0.8M) was larger than that of
high translucent zirconia RBFDPs (0.8Z) even with the same
retainer thickness was considered to be due to the differ-
ence in elastic modulus. It is reported that the elastic
modulus of gold-silver-palladium alloy is 86 GPa,31 and that
of high translucent zirconia is 200e210 GPa.15 Since high
translucent zirconia has high rigidity, it is less likely to be
distorted. This result suggested that high translucent zir-
conia might be more suitable for RBFDPs than metal. In
addition, the thin high translucent zirconia RBFDPs (0.5Z)
were less likely to be distorted than metal RBFDPs (0.8M)
and the strain of high translucent zirconia RBFDPs showed
no difference even if the retainer thickness was changed
(0.8Z and 0.5Z). These facts showed that high translucent
zirconia RBFDPs can be made with a retainer thickness of
0.5 mm as well as conventional zirconia.5 These findings are
very important from the point of minimal intervention and
preservation of tooth structure. The thickness of the
frameworks of metal RBFDPs generally must be 0.7mm or
more.7 However, it has been reported that the palatal
enamel thickness of the teeth of Japanese people was
0.3e0.6 mm in the upper central incisor and 0.4e0.9mm in
the upper canine.32 Brokos et al. concluded that the palatal
enamel thickness of the upper anterior teeth is 0.7 mm and
the palatal area is the thinnest area.33 Therefore, it can be
argued that high translucent zirconia is superior to metal
because the tooth preparation area can be kept within
enamel using this type of zirconia.

To prevent debonding of RBFDPs, it has been reported
that preparing a groove on the abutment teeth and
increasing the bonding surface area are beneficial.5,34,35

Based on this mechanism, it can be suggested that the
strain of central incisor was smaller than that of canine
because the central incisor had a larger surface area than
the canine. In addition, there are also some reports



Table 2 Mean values of q.

Experimental group 0.8M 0.8Z 0.5Z

canine central incisor canine central incisor canine central incisor

Mean values of q [�] 0.2 89.8 0.2 89.8 0.2 89.7
(SD) (0.12) (0.13) (0.10) (0.12) (0.22) (0.08)

“q” is the angle from the axis εa and represents the direction of maximum principal strain.

Figure 6 Maximum principal strain (εmax) [mε] (*: p< 0.05).

Figure 7 Direction of εmax for each group. Red arrow represents direction in canine for 0.8M, 0.8Z, and 0.5Z. Blue arrow rep-
resents direction in central incisor for 0.8M and 0.8Z. Green arrow represents direction in central incisor of 0.5Z. (For interpre-
tation of the references to color in this figure legend, the reader is referred to the Web version of this article).
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indicating that as the cross-sectional area of the connector
increases, the fracture load of prostheses increases.36,37 In
this study, proximal grooves were prepared and the RBFDPs
were fabricated with monolithic zirconia. Preparing prox-
imal grooves leads to an increase in both the bonding sur-
face area and cross-sectional area of the connector. The
monolithic RBFDPs do not require the connector to be cut
back for veneering porcelain, which means the cross-
sectional area of the connector is maintained. The cross-
sectional area between the canine and pontic was
11.0 mm2 (0.8Z), 11.0 mm2 (0.5Z), and the cross-sectional
area between the central incisor and pontic was 11.1 mm2
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(0.8Z), 10.1 mm2 (0.5Z). Each cross-sectional area was
approximately equal and sufficient for retention of the
prostheses.36,37 Therefore, it was considered that there
was no difference in strain between 0.8Z and 0.5Z. These
results suggested that the RBFDPs connector where stress
concentrates most during functioning can be composed of
only zirconia with high rigidity, which may reduce the risk
of debonding.

This study revealed that the maximum principle strain of
the retainer under simulated occlusal force was reduced
using high translucent zirconia RBFDPs compared to tradi-
tional metal RBFDPs. The translucent zirconia enabled the
reduction of retainer thickness from the traditional
0.8 mme0.5 mm, which minimizes the amount of tooth
preparation and establishes enamel-zirconia adhesion. The
behavior of translucent zirconia RBFDPs may contribute to
the development of long-term functioning dental
prostheses.
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