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Summary

Metal-ceramic restorations and all-ceramic restorations made of zirconia or lithium
disilicate ceramics have been used for implant-supported crowns (ISCs). Implant-supported
zirconia crowns (IZCs) exhibited stable survival rates in clinical trials and are currently
considered a valid treatment alternative.

Indirect composite resins have been widely used as a layering material for tooth-
supported crowns and ISCs. It has been reported that composite resin materials are beneficial
in reducing the occlusal stresses compared to layering porcelain for ISCs. Previous study
demonstrated that the fracture strength of IZCs, in which an indirect composite resin is
veneered onto a zirconia framework, did not differ significantly from metal-ceramic and
zirconia restorations.

To increase the mechanical retention of layering composite resins, mechanical retentive
devices such as retention beads are attached to a metal framework for resin-veneered
restorations. A laboratory study demonstrated that the attachment of mechanical retentive
devices to zirconia frameworks yielded adequate bond strength between a layering composite
resin and zirconia frameworks. However, only a few studies evaluated the fracture resistance
of [ZCs with layering composite resins onto facing surfaces attached to mechanical retentive
devices.

This study aimed to investigate the fracture resistance of IZCs, in which two layering
materials (feldspathic porcelain and indirect composite resin) were layered onto zirconia
frameworks with mechanical retentive devices. The null hypothesis to be tested was that
attaching mechanical retentive devices onto zirconia frameworks would not affect the fracture
load of 1ZCs.

An implant analogue was used to simulate implant therapy for a missing molar. These

implant analogues were axially embedded in acrylic resin using plastic specimen holders.



Titanium implant abutments were tightened to each implant analogue with a torque of 32
N-cm. The abutment-implant complexes were divided into two groups based on the presence
or absence of attached mechanical retentive devices on zirconia frameworks (n=44 and 22,
respectively).

These complexes were scanned using a laboratory scanner, and the frameworks were
designed with 0.5 mm thickness using software. Based on the designed standard triangulated
language (STL) data, the frameworks were machine-milled from a pre-sintered zirconia disk
using a milling device and subsequently sintered in a furnace at 1,375°C for 90 min.

The surface of the zirconia frameworks was airborne-particle abraded with 50 um
AL O3 particles at a pressure of 0.2 MPa for 10 s, with 10 mm distance between the nozzle
and framework surface. The mechanical retentive devices were adjusted to a particle size of
160-180 um using a sieve. The protocol for attaching different materials of mechanical
retentive devices was divided into two groups. The glaze material or the opaque porcelain
material was thinly applied onto the surface of the zirconia framework, referred to as the GL
group and the OP group, respectively. The group with no attached mechanical retentive
devices (ND group) underwent only airborne-particle abrasion.

Feldspathic porcelain and indirect composite resin were employed as layering
materials. The feldspathic porcelain was manually layered onto the frameworks and
subsequently fired using a SingleMat porcelain furnace following the instructions provided
by the manufacturer (FP veneer). For the IC veneer, the frameworks were layered with
Estenia C&B, cured using a photopolymerizer, and heat-activated polymerized in an oven.
Restorations were fabricated to achieve a standardized configuration with a width of 10.5 mm
and a height of 8 mm using a standardized silicone index.

The crowns were then adhesively placed to the implant abutments using a dual-

polymerized resin luting material. All specimens were restored in distilled water at 37°C for



24 h before undergoing fracture resistance testing.

A piece of tin foil was inserted between a stainless-steel ball (diameter, 6.0 mm) and the
occlusal surface of the specimens. To determine fracture load, all specimens were subjected
to perpendicularly loading using a mechanical testing machine at a cross-head speed of 0.5
mm/min until fracture occurred. The break detector threshold was established at a 10%
decrease of maximum force.

The distribution and equality of variances were analyzed with the Shapiro-Wilk and
Levene tests, using IBM SPSS Statistics. The Shapiro-Wilk test indicated a normal
distribution of the data (p>0.05), and the Levene test showed the homogeneity of variances
(p>0.05). To compare the fracture load, Tukey’s honestly significant difference test was
employed within the same layering material group. A significance level of 0.05 was chosen
for all data analyses.

To examine the failure pattern, the fractured surfaces were observed under a
stereomicroscope. There were three types of fracture patterns, namely, veneer fracture,
interface fracture, and framework fracture. Furthermore, the fractured surfaces were then
examined using a scanning electron microscope.

In the FP veneer, the GL group recorded the highest mean fracture load values of
3.00+0.28 kN. The mean fracture load values of the ND group (2.48+0.41 kN) were
significantly higher than those of the OP group (1.91+0.48 kN). In the IC veneer, Tukey’s
honestly significant difference test revealed that the GL (2.62+0.22 kN) and OP (2.88+0.36
kN) groups had significantly higher mean fracture loads than the ND (2.19+0.34 kN) group.

The assessment of the failure pattern of the tested specimens indicated that the
framework fracture was frequently observed in the GL and ND groups, irrespective of the
veneer used. For the OP groups, a similar occurrence of interface fractures and framework

fractures was observed for FP and IC veneers.



For the FP veneer-GL group, the cracked surface of the mechanical retentive devices
surrounded by glaze material can be seen. The fracture surface of the FP veneer-OP group
exhibited the mechanical retentive devices debonded from the opaque porcelain material. The
FP veneer-ND group showed that mixed cohesive fractures of the frameworks and veneers
are presented. Similar fracture surface images to those in the FP groups were observed in the
IC groups.
In the FP veneer-GL group, SEM images showed that the materials penetrated the
undercut of the mechanical retentive devices at the interface between the zirconia framework
and the layering material. Conversely, the SEM image of the FP veneer-OP group indicated
the absence opaque porcelain material around the mechanical retentive devices.
For the IC veneers, the IC veneer-GL and OP groups showed that the mechanical
retentive devices were embedded in the glaze and opaque porcelain materials, respectively.
The FP veneer-GL group showed the fractured surface of the mechanical retentive
devices and the mechanical retentive devices in the glaze porcelain material. In contrast, the
FP veneer-OP group exhibited the interface fracture between the opaque porcelain materials
and the zircon beads. The IC veneer-GL and OP groups indicated fracture within the glaze
and opaque porcelain materials.
Within the limitations of this in vitro study, the following conclusions were drawn:

1. The fracture resistance of the IZCs can be improved by applying glaze material before
attaching mechanical retentive devices for porcelain layering.

2. For the IC veneer, the GL and OP groups showed significantly higher fracture load values
than the ND group.

3. The mechanical interlocking between the zirconia frameworks and the layering materials

tested was achieved with the use of mechanical retentive devices.



4. All types of the IZCs tested in this study have the potential to withstand clinical occlusal

forces in posterior applications.



Introduction

Implant-supported crowns (ISCs) have frequently been used to replace a single missing
tooth. The ISCs have functional, biological, and mechanical advantages, and they exhibit
superior clinical survival rates in long-term observations". Implant therapy for single-tooth
replacement is currently one of the most reliable treatment modalities.

Metal-ceramic restorations and all-ceramic restorations made of zirconia or lithium
disilicate ceramics have been used for ISCs!. Implant-supported zirconia crowns (IZCs)
exhibited stable survival rates in clinical trials and are currently considered a valid treatment
alternative. On the contrary, the chipping of the layering porcelain is a common complication
of 1ZCs?. To overcome this issue, several techniques have been validated, including pressed-
on-zirconia ceramic restorations®, the use of layering indirect composite materials as an
alternative to porcelain®, and monolithic zirconia restorations™®. In addition, to achieve long-
term clinical success with ceramic restorations, the bond strength between zirconia
frameworks and layering materials should be strong and durable. Several methods have been
investigated to improve this bond. Airborne-particle abrasion with alumina particles on
zirconia frameworks enhances the bond strength with layering porcelain’®. The use of
porcelain liner materials improves the bond between layering porcelains or indirect
composite resins and zirconia frameworks®!'?. Laser technology represents an alternative
approach to surface treatment of zirconia frameworks prior to the application of layering
materials. Many studies have shown that surface treatments using lasers, including carbon
dioxide!*!¥, neodymium-doped yttrium aluminum garnet'®, and erbium-doped yttrium
aluminum garnet'®!”, can yield stable bond strength between layering materials and zirconia
frameworks. Monolithic zirconia restorations offer several advantages such as a low risk of
chipping, a less invasive approach, and low cost, which has resulted in the widespread use of

1ZCs®. However, there are only a few studies on the medium- and long-term clinical results



of implant-supported monolithic zirconia crowns.

Indirect composite resins have been widely used as a layering material for tooth-
supported crowns and ISCs. It has been reported that composite resin materials are beneficial
in reducing the occlusal stresses compared to layering porcelain for ISCs'®. Taguchi et al.?
demonstrated that the fracture strength of IZCs, in which an indirect composite resin is
veneered onto a zirconia framework, did not differ significantly from metal-ceramic and
zirconia restorations. Conversely, it is known that composite resins have drawbacks such as
inferior wear resistance and poor mechanical properties'*-??.

To increase the mechanical retention of layering composite resins, mechanical retentive
devices such as retention beads are attached to a metal framework for resin-veneered
restorations®!*?. A laboratory study demonstrated that the attachment of mechanical retentive
devices to zirconia frameworks yielded adequate bond strength between a layering composite
resin and zirconia frameworks?***?. However, only a few studies evaluated the fracture
resistance of [ZCs with layering composite resins onto facing surfaces attached to mechanical
retentive devices.

This study aimed to investigate the fracture resistance of IZCs, in which two layering
materials (feldspathic porcelain and indirect composite resin) were layered onto zirconia
frameworks with mechanical retentive devices. The null hypothesis to be tested was that

attaching mechanical retentive devices onto zirconia frameworks would not affect the fracture

load of IZCs.

Materials and Methods

The materials used and their components in the current study are detailed in Table 1. An
implant analogue (diameter, 5.0 mm; Implant replica Brdnemark System WP, Novel Biocare,

Goteborg, Sweden) was used to simulate implant therapy for a missing molar. These implant



analogues were axially embedded in acrylic resin (Technovit 4000, Heraeus Kulzer,
Wehrheim, Germany) using plastic specimen holders. Titanium implant abutments (Snappy
abutment 5.5 Branemark System WP; Novel Biocare) were tightened to each implant
analogue with a torque of 32 N-cm. The abutment-implant complexes were divided into two
groups based on the presence or absence of attached mechanical retentive devices on zirconia
frameworks (n=44 and 22, respectively).

These complexes were scanned using a laboratory scanner (D2000, 3Shape,
Copenhagen, Denmark), and the frameworks were designed with 0.5 mm thickness using
software (3Shape Dental Designer, 3Shape). Based on the designed standard triangulated
language (STL) data, the frameworks were machine-milled from a pre-sintered zirconia disk
(Katana Zirconia HT, Kuraray Noritake Dental, Tokyo, Japan) using a milling device (DWX-

4, Roland, Shizuoka, Japan) and subsequently sintered in a furnace at 1,375°C for 90 min.

Protocol for attaching mechanical retentive devices

The surface of the zirconia frameworks was airborne-particle abraded with 50 um
Al>Os3 particles (Hi-Alumina, Shofu, Kyoto, Japan) at a pressure of 0.2 MPa for 10 s, with 10
mm distance between the nozzle and framework surface (Fig. 1A). The mechanical retentive
devices (FUJI Zircon beads FZB-100, Fuji Manufacturing, Tokyo, Japan) were adjusted to a
particle size of 160-180 pum using a sieve (Test sieves JIS Z 8801, Tokyo Screen, Tokyo,
Japan). The protocol for attaching different materials of mechanical retentive devices was
divided into two groups. The glaze material (Cerabien ZR E glaze, Kuraray Noritake Dental)
or the opaque porcelain material (Cerabien ZR SBA2, Kuraray Noritake Dental) was thinly
applied onto the surface of the zirconia framework, referred to as the GL group and the OP
group, respectively (Fig. 1B). The mechanical retentive devices were then sprinkled onto the

glaze material or the opaque porcelain material from above on each axial surface of the



zirconia framework while it was rotating (Fig. 1C). Then, the excess mechanical retentive
devices were removed by gentle vibration with an equipment (Ceracon II, Shofu) (Fig. 1D).
The sprinkled mechanical retentive devices were flattened using a fine brush to achieve a
thickness of approximately one layer on the surface of the framework (Fig. 1D). The
frameworks were fired according to the firing schedule outlined in Table 2 (Fig. 1E). The
group with no attached mechanical retentive devices (ND group) underwent only airborne-

particle abrasion (Fig. 1A). The fabricated frameworks are shown in Fig. 2.

Layering protocol

Feldspathic porcelain (Cerabien ZR, Kuraray Noritake Dental) and indirect composite
resin (Estenia C&B, Kuraray Noritake Dental) were employed as layering materials (Table
1). The feldspathic porcelain was manually layered onto the frameworks and subsequently
fired using a SingleMat porcelain furnace (Shofu) following the instructions provided by the
manufacturer (FP veneer) (Fig. 1F). For the IC veneer, the frameworks were layered with
Estenia C&B, cured using a photopolymerizer (a-light II, J. Morita, Suita, Japan), and heat-
activated polymerized in an oven (KL-310, J. Morita) (Fig. 1G). Restorations were fabricated
to achieve a standardized configuration with a width of 10.5 mm and a height of 8 mm using

a standardized silicone index (Fig. 3).

Bonding protocol

The internal surfaces of the zirconia crowns and the surfaces of the implant abutments
were airborne-particle abraded at a pressure of 0.2 Mpa and 0.5 Mpa, respectively. After the
airborne-particle abrasion, both surfaces were primed (Clearfil Ceramic Primer Plus, Kuraray
Noritake Dental). The crowns were then adhesively placed to the implant abutments using a

dual-polymerized resin luting material (Panavia V5, Kuraray Noritake Dental). All specimens



were restored in distilled water at 37°C for 24 h before undergoing fracture resistance testing.

Fracture resistance testing

A piece of tin foil was inserted between a stainless-steel ball (diameter, 6.0 mm) and the
occlusal surface of the specimens. To determine fracture load, all specimens were subjected
to perpendicularly loading using a mechanical testing machine (Type 5567, Instron, Canton,
MA, USA) at a cross-head speed of 0.5 mm/min until fracture occurred. The break detector

threshold was established at a 10% decrease of maximum force®>.

Statistical analysis

The distribution and equality of variances were analyzed with the Shapiro-Wilk and
Levene tests, using IBM SPSS Statistics (version 27.0, IBM, Armonk, NY, USA). The
Shapiro-Wilk test indicated a normal distribution of the data (p>0.05), and the Levene test
showed the homogeneity of variances (p>0.05). To compare the fracture load, Tukey’s
honestly significant difference test was employed within the same layering material group. A

significance level of 0.05 was chosen for all data analyses.

Fracture pattern assessment

To examine the failure pattern, the fractured surfaces were observed under a
stereomicroscope (Stemi DV4, Carl Zeiss, Jena, Germany). There were three types of fracture
patterns, namely, veneer fracture, interface fracture, and framework fracture. Furthermore, the
fractured surfaces were coated with a thin layer of gold using a sputter coater (Quick Coater
Type SC-701, Sanyu Electron, Tokyo, Japan) for 30 s. The coated cross-sectional fractured
surfaces and fractured surfaces were then examined using a scanning electron microscope

(SEM) (ERA-8800FE, Elionix, Tokyo, Japan) at an operating voltage of 10 kV.
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Results

The results of the descriptive statistical analysis for fracture load values and fracture
patterns are summarized in Table 3. In the FP veneer, the GL group recorded the highest
mean fracture load values of 3.00+0.28 kN. The mean fracture load values of the ND group
(2.48+0.41 kN) were significantly higher than those of the OP group (1.91+0.48 kN). In the
IC veneer, Tukey’s honestly significant difference test revealed that the GL (2.62+0.22 kN)
and OP (2.88+0.36 kN) groups had significantly higher mean fracture loads than the ND
(2.19+0.34 kN) group.

The assessment of the failure pattern of the tested specimens indicated that the
framework fracture was frequently observed in the GL and ND groups, irrespective of the
veneer used (Table 3), as shown in Figs. 4a, 4c, 4d, and 4f. For the OP groups, a similar
occurrence of interface fractures and framework fractures was observed for FP and IC
veneers. Figures 4b and 4e show the interface fracture pattern of the OP group for the FP and
IC veneers, respectively.

Representative stereomicroscopic images of the fracture surfaces are presented in Fig.
5. For the FP veneer-GL group, the cracked surface of the mechanical retentive devices
surrounded by glaze material can be seen (Fig. 5a). The fracture surface of the FP veneer-OP
group exhibited the mechanical retentive devices debonded from the opaque porcelain
material (Fig. 5b). In Fig. 5c, which represents the FP veneer-ND group, mixed cohesive
fractures of the frameworks and veneers are presented. Similar fracture surface images to
those in the FP groups were observed in the IC groups (Figs. 5d-5f).

Representative SEM images of cross-sectional fractured surfaces in each group are
shown in Fig.6. In the FP veneer-GL group, SEM images showed that the materials
penetrated the undercut of the mechanical retentive devices at the interface between the

zirconia framework and the layering material, as shown in Fig. 6a. Conversely, the SEM

11



image of the FP veneer-OP group indicated the absence opaque porcelain material around the
mechanical retentive devices (Fig. 6b). The SEM images of the FP veneer-ND group
exhibited a directly contacting interface between the zirconia framework and the feldspathic
porcelain (Fig. 6¢).

For the IC veneers, the IC veneer-GL and OP groups showed that the mechanical
retentive devices were embedded in the glaze and opaque porcelain materials, respectively
(Figs. 6d and 6e). Figure 6f presents an image of the continuous interface between the
zirconia framework and the indirect composite resin.

Figure 7 shows representative SEM images of fractured framework surfaces for the GL
and OP groups. The FP veneer-GL group showed the fractured surface of the mechanical
retentive devices and the mechanical retentive devices in the glaze porcelain material (Fig.
7a). In contrast, the FP veneer-OP group exhibited the interface fracture between the opaque
porcelain materials and the zircon beads (Fig. 7b). The IC veneer-GL and OP groups
indicated fracture within the glaze and opaque porcelain materials (Figs. 7c and 7d,

respectively).

Discussion

The current study investigated the influence of attaching mechanical retentive devices
onto frameworks on the fracture resistance of IZCs. The results of the study indicated that the
fracture load of the GL group was significantly higher than that of the OP and ND groups for
the FP veneer. In the IC veneer, the GL and OP groups showed significantly higher fracture
load values than the ND group. Therefore, the null hypothesis that attaching mechanical
retentive devices onto zirconia frameworks would not affect the fracture load of IZCs was
rejected.

The FP veneer-GL group exhibited significantly higher fracture load values than the

12



FP veneer-OP and -ND groups. These findings suggest that the fracture resistance of IZCs
can be enhanced by applying a glaze material before attaching mechanical retentive devices
for porcelain layering onto the zirconia frameworks. Yamamoto et al.® reported that the
glaze application to zirconia frameworks before layering porcelain significantly enhanced the
shear bond strength between zirconia and layering porcelain. The application of glaze
material can improve the interaction with zirconia and increase its wettability to receive the
layering porcelain. On the other hand, several studies have evaluated the influence of opaque
application to zirconia frameworks on the bond strength to layering porcelain and indicated
that such application negatively affected the bond strength?’?®). Additionally, a previous study
revealed instances of complete delamination and microspaces at the interface between
zirconia frameworks and porcelain®®. Hence, the glaze material would play a positive role in
improving the bond between the zirconia framework and the layering porcelain®®?”, leading
to increased overall fracture load of the IZCs. The glaze material applied to the zirconia
surface provides a surface property similar to that of glass ceramics®. This characteristic
likely contributed to a stronger bond with the layering porcelain, leading to enhanced
integration between the frameworks and veneers, which resulted in higher fracture load. The
findings are supported by the observation in Fig. 5a, where the framework and layering
material exhibit a strong bond, causing the zircon beads to fracture. Additionally, Figs. 6a and
7a indicates that the glaze material may have penetrated the undercut of the zircon beads,
providing mechanical interlocking. These observations suggest that the GL group possesses
enhanced fracture load compared to the OP and ND groups.

The mean fracture load values of the FP veneer-OP group were significantly lower than
those of the FP veneer-ND group. Figure 5b shows that the entire zircon beads are detached
from the fracture surface in the FP veneer-OP group. Additionally, Fig. 6b reveals the absence

of layering material around the zircon beads and the presence of gaps at the interface. In
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addition, the interface fracture between the opaque porcelain materials and the zircon beads
was observed in Fig.7b. These findings suggest that the fracture may have originated from the
weak interface surrounding the mechanical retentive devices. One possible explanation for
this finding is the difference in thermal expansion coefficients between the zircon beads
(4.9x10°%/°C) and the layering porcelain (8.9-9.1x10°/°C), which can be caused by repeated
thermal cycling during the porcelain firing process>*3%31,

For the IC veneer, the GL and OP groups exhibited significantly higher fracture load
values than the ND group. Moreover, Figs. 6d and 6e displayed the infiltration of the layering
materials into the undercut of mechanical retentive devices. SEM examination of fractured
frameworks further revealed the fracture within the glaze and opaque porcelain materials
(Figs. 7c and 7d). These results indicate that the mechanical retentive devices effectively
enhanced mechanical interlocking between the zirconia frameworks and indirect composite
materials in the GL and OP groups for the IC veneer. This is supported by the findings of
previous studies, which demonstrated that the shear bond load between zirconia frameworks
attached mechanical retentive devices and indirect composite resin was higher than that of the
bond without the mechanical retentive devices>*¥. There was no significant difference in
fracture load between the GL and OP groups for the IC veneer. This could be because there
was no thermal treatment after applying the mechanical retentive devices to the zirconia
frameworks, resulting in the absence of variation in the porcelain material used to provide
mechanical retentive devices between the two groups. The difference between the results of
the FP and IC veneers may be attributed to the presence or absence of thermal stress that
occurs during the layering procedures.

The mean fracture load values of the IZCs evaluated in the current study exceeded 1.91
kN, which is higher than the physiological average occlusal force of 0.45-0.57 kN in adults®?.

This demonstrates the potential for the clinical application of IZCs with mechanical retentive
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devices employed in the current study.

There are no studies available to verify the bond strength between zircon and glaze or
opaque materials. The zircon beads used in this study contained 30% Si0., as indicated in
Table 1. A method of coating zirconia beads with feldspathic porcelain and using them as
mechanical retentive devices for zirconia frameworks has been introduced*®. Although the
bond strength between zircon beads and glaze or opaque material has not been determined, it
is hypothesized that the SiO> contained in the zircon beads may be effective in forming a
strong interface between the zirconia and the layering material. In addition, a previous study
has reported that a particle size of 180 pm was effective for a mechanical retentive device in
terms of bond strength to metal frameworks*?. Thus, zircon beads with a particle size of 160-
180 um were used in this study. Within the limitations of the current in vitro study, it can be
concluded that the fracture resistance of IZCs can be enhanced with mechanical retentive
devices for porcelain or indirect composite resin layering onto the zirconia frameworks.
Although the results of this in vitro study of IZCs attaching mechanical retentive devices to
zirconia frameworks are promising, further in vitro investigations that incorporate artificial
aging processes, such as thermal and fatigue cycling stress, need to be performed before the

clinical application of such prostheses can be considered.

Conclusions

1. The fracture resistance of the IZCs can be improved by applying glaze material before
attaching mechanical retentive devices for porcelain layering.

2. For the IC veneer, the GL and OP groups showed significantly higher fracture load values
than the ND group.

3. The mechanical interlocking between the zirconia frameworks and the layering materials

tested was achieved with the use of mechanical retentive devices.
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All types of the IZCs tested in this study have the potential to withstand clinical occlusal

forces in posterior applications.
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Table 1 Materials used in the current study

Material (Trade name) Lot no. Components Manufacturer
Implant
Implant replica Branemark System WP | 401165 Stainless steel Nobel Biocare, Goteborg,
Sweden
Abutment
Snappy abutment 5.5 Branemark 13132474 | Ti-6Al-4V Nobel Biocare
System WP
Abutment screw
Abutment screw 5.5 Branemark 13132474 | Ti-6Al-4V Nobel Biocare
System WP
Zirconia ceramic material
Katana Zirconia HT EENBK 7102 94.4%, Y203 5.4%, others Kuraray Noritake Dental,
Tokyo, Japan
Mechanical retentive devices
FUJI Zircon beads FZB-100 7102 65%, Si02 30%, Al203 <10% Fuji Manufacturing,
Tokyo, Japan
Feldspathic porcelain
Cerabien ZR (SBA2, A2B, E2, E glaze) | DTRZL, Si02, AlLO3, K20, Na20, others Kuraray Noritake Dental
EFNPM,
EATUK,
EEVQZ
Indirect composite resin
Estenia C&B (OA2, DA2, E2) 330025 UTMA, Bis-GMA, methacrylate, photoinitiator, Kuraray Noritake Dental
970031 pigment, filler
320046
Priming agent
Clearfil Ceramic Primer Plus 790066 3-TMSPMA, MDP, ethanol Kuraray Noritake Dental
Luting agent
Panavia V5 AJ0176 PasteA: Bis-GMA, TEGDMA, hydrophobic aromatic | Kuraray Noritake Dental

dimethacrylate, hydrophilic aliphatic dimethacrylate,
initiators, accelerators, silanized
fluoroaluminosilicate glass filler, colloidal silica
Paste B: Bis-GMA, hydrophobic aromatic
dimethacrylate, hydrophilic aliphatic dimethacrylate,
initiators, accelerators, silanized
fluoroaluminosilicate glass filler, silanized aluminum
oxide filler, accelerators, CQ, pigments

UTMA, urethane tetramethacrylate; Bis-GMA, bisphenol A-diglycidyl methacrylate; TMSPMA, 3-trimethoxysilylpropyl
methacrylate; MDP, 10-methacryloyloxydecyl dihydrogen phosphate; TEGDMA, triethyleneglycol dimethacrylate; CQ, dl-

camphorquinone.
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Table 2 The firing schedule

Pre-drying
Temperature =~ Time (min) = Heating Firing temperature = Holding time = Cooling time
(°O) rate (min) (min)
(°C/min)
Glaze material 600 5 65 850 1
Opaque porcelain 600 5 45 930 1

material

Table 3 Fracture load values (kN) and fracture patterns for the tested specimens

Veneer Group Mean+SD* Category™  Fracture pattern, no. of specimens

\Y I F

GL 3.00+0.28 A 0 4 7

FP OP 1.91+0.48 C 0 6 5
ND 2.48+0.41 B 0 3 8

GL 2.62+0.22 a 0 4 7

IC oP 2.88+0.36 a 0 6 5
ND 2.194+0.34 b 0 4 7

FP, feldspathic porcelain; IC, indirect composite resin; GL, attaching mechanical retentive devices using glaze material; OP,
attaching mechanical retentive devices using opaque porcelain material; ND, no attaching mechanical retentive devices; V,
veneer fracture; I, interface fracture; F, framework fracture.

*Standard deviation.

“*Different uppercase letters indicate a statistically significant difference in the FP veneer; different lowercase letters indicate
a statistically significant difference in the IC veneer (Tukey’s HSD test, p<0.05).
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A. Airbone-particle abrasion - B. Applying the glaze material - C. Sprinkling the mechanical

with 50 pm Al,O; particles (Cerabien ZR E glaze) or retenti\{e devices
(Hi-alumina) the opague porcelain (FUJI Zircon beads FZB-100)
Pressure: 0.2 MPa (Cerabien ZR SBA2) onto zirconia frameworks
Time: 10s

F. Layering porcelain and firing in a
furnace {SingleMat porcelain furnace)
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5 min and a heat oven at 110°C for 15 min flattening using a fine brush

Fig. 1 Flowchart of mechanical retentive devices attachment

Fig. 2 Representative frameworks: (a) GL, (b) OP, and (¢) ND groups
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Fig. 3 Schematic representations of the specimens

Fig. 4 Representative specimens in each group after fracture resistance testing: (a) the FP
veneer-GL group, (b) the FP veneer-OP group, (c) the FP veneer-ND group, (d) the IC veneer-
GL group, (e) the IC veneer-OP group, and (f) the IC veneer-ND group.
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Fig. 5 Representative stereomicroscopic images of fractured surfaces in each group (original
magnification x32): (a) the FP veneer-GL group, (b) the FP veneer-OP group, (c) the FP
veneer-ND group, (d) the IC veneer-GL group, (e) the IC veneer-OP group, and (f) the IC
veneer-ND group.

Fig. 6 Representative SEM images of cross-sectional fractured surfaces in each group
(original magnification x100): (a) the FP veneer-GL group, (b) the FP veneer-OP group, (c)
the FP veneer-ND group, (d) the IC veneer-GL group, (e) the IC veneer-OP group, and (f) the
IC veneer-ND group. F, feldspathic porcelain; I, indirect composite resin; M, mechanical
retentive device; Z, zirconia.
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Fig. 7 Representative SEM images of fractured framework surfaces for the GL and OP
groups. (original magnification x100): (a) the FP veneer-GL group, (b) the FP veneer-OP
group, (c) the IC veneer-GL group, and (d) the IC veneer-OP group. F, fractured surface of
mechanical retentive device; I, indirect composite resin; M, mechanical retentive device; O,
opaque porcelain material.

26



