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Abstract
Purpose: To investigate the influence of cement film thickness, cement type, and
substrate (enamel or dentin) on ceramic fracture resistance.
Materials and Methods: One hundred extracted human third molars were polished
to obtain 50 enamel and 50 dentin specimens. The specimens were cemented to
1-mm-thick lithium disilicate ceramic plates with different cement film thicknesses
(100 and 300 μm) using metal strips as spacers. The cements used were etch-and-
rinse (RelyX Ultimate) and self-adhesive (RelyX U200) resin cements. Compressive
load was applied on the ceramic plates using a universal testing machine, and fracture
loads were recorded in Newtons (N). Statistical analysis was performed by multiple
regression (p < 0.05). Representative specimens were evaluated by scanning electron
microscopy to control the cement film thickness.
Results: The RelyX Ultimate group with a cement thickness of 100 μm cemented
to enamel showed the highest mean fracture load (MFL; 1591 ± 172.59 N). The
RelyX Ultimate groups MFLs were significantly higher than the corresponding RelyX
U200 groups (p < 0.05), and thinner film cement demonstrated a higher MFL than
thicker films (p < 0.05). Bonding to dentin resulted in lower MFL than with enamel
(p < 0.001).
Conclusions: Higher fracture loads were related to thinner cement film thickness and
RelyX Ultimate resin cement. Bonding to dentin resulted in lower fracture loads than
bonding to enamel.
Clinical Significance: Reduced resin film thickness could reduce lithium disilicate
restoration fracture. Etch-and-rinse resin cements are recommended for cementing
on either enamel or dentin, compared with self-adhesive resin cement, for improved
fracture resistance.

All-ceramic restorations are considered a promising treatment
modality for esthetic dentistry. Their performance provides
a more natural appearance than that of other tooth-colored
restorations. Lithium disilicate glass ceramics were developed
to increase mechanical properties and improve translucency. As
a result, the indications for use range from single-tooth restora-
tions to prostheses in the anterior and premolar regions, includ-
ing minimally invasive inlays and onlays.1 IPS e.max lithium
disilicate can be processed by either the lost-wax hot pressing
technique or the CAD/CAM milling procedure. Pressable ce-
ramics provide superior strength and increased accessibility for
most dental laboratory services.2 This technique allows for ac-
curate reproduction of the anatomical features carved in the wax
pattern, but it is time-consuming. Conversely, the CAD/CAM
technique has limited availability, since it requires considerable

investment in scanning equipment and a milling machine, and
skilled technicians.

According to clinical studies, a cumulative survival rate of
93% after 8 years of service has been reported for lithium disil-
icate crowns and three-unit fixed dental prostheses (FDPs).The
majority of restoration failures were due to fracture.3-6 To
increase fracture resistance of ceramic, restorations should
be cemented to the tooth.7,8 The longevity of glass-ceramic
restorations luted with resin composite revealed more favorable
survival rates than those luted with glass ionomers or zinc
phosphate cement.9 Resin-based luting material may reduce
the potential for crack propagation and strengthen the porcelain
due to polymerization shrinkage of resin cement.10 Therefore,
resin cements are strongly recommended for the cementation
of glass-ceramic materials.

141Journal of Prosthodontics 26 (2017) 141–149 C© 2015 by the American College of Prosthodontists



Influence of Cement Type and Thickness on Ceramic Fracture Resistance Rojpaibool and Leevailoj

Preparation depth for all-ceramic restorations involves both
enamel and dentin. Dentin exposure has a significant associ-
ation with failure rate of porcelain veneers.11 The different
characteristics of enamel and dentin as the bonding substrate
affect the strength and reliability of the bond. Bonding to dentin
is more complicated because of the cements’ susceptibility to
variations in the degree of dentin moisture. To simplify bonding
procedures, self-adhesive resin cements have been introduced
to prevent the collapse of demineralized dentin conditioned
with phosphoric acid and reduce the number of bonding steps.12

Reis et al reported that the bond strength of self-adhesive resin
cements to enamel is lower than that of dentin.13 However,
the effect of fracture resistance of ceramics using self-adhesive
resin cement has not been well-established.

The longevity of ceramic restorations also depends on the
close proximity between restoration and tooth structure.14 The
resistance of cemented crowns has been related to cement film
thickness subjected to lateral and compressive loading.15 ISO
standards require a cement film thickness for resin-based ce-
ments of no greater than 50 μm.16 However, several factors
might influence the thickness of resin cement. Internal adapta-
tion of ceramic restorations is significantly influenced by the
accuracy of the fabrication process used. As a result of the man-
ufacturing process, mean cement film thicknesses of 106.74 μm
for the pressable technique and 340.35 μm for the machinable
CAD/CAM technique were observed.17 Further, variations in
finger pressure during cementation procedures, coupled with
die spacer application, could generate a layer thickness of more
than 100 μm.18,19

The effect of resin cement thickness on the fracture resis-
tance of ceramic has not been clarified. Prakki et al revealed that
higher resin cement film thickness tended to increase the frac-
ture resistance of 1-mm ceramic plates cemented to dentin.20

In contrast, Scherrer et al reported that increased resin cement
thickness reduced the fracture resistance of glass-ceramic plates
bonded to resin composite blocks.21 This study aims to deter-
mine whether cement film thickness, cement type, and bonded
substrate influence fracture resistance loads of lithium disili-
cate ceramic plates. The null hypothesis is that the variables
in cement film thickness, cement type, and substrate do not
significantly correlate to fracture load.

Materials and methods

This study was approved by the ethical committee of the fac-
ulty of dentistry, Chulalongkorn University, Thailand (approval
number : HREC-DCU 2013-006).

Experimental design

Lithium disilicate ceramic plates (IPS e.max Press; Ivoclar Vi-
vadent, Schaan, Liechtenstein), 1-mm thick, were cemented
onto either enamel or dentin specimens with two cement film
thicknesses (100, 300 μm). Two resin cements were used: an
etch-and-rinse system (RelyX Ultimate; 3M ESPE, Minneapo-
lis, MN) and a self-adhesive system (RelyX U200; 3M ESPE).
There were eight experimental groups (n = 10 per group) as
a result of associations among cement film thickness, bonded
substrate, and resin cement type. Zinc phosphate cement was

used for cementing to either enamel or dentin specimens as
control groups.

Preparation of enamel and dentin specimens

One hundred extracted human third molars with mesiodistal
width greater than 10 mm were included. Visual examination
showed all selected teeth to be free of caries, restorations, and
defects. The teeth were stored in a 0.1% thymol solution for
24 hours, followed by a solution of normal saline. The buccal
aspect of the molars was polished to achieve a flat area of at
least 3×6 mm2 under water coolant in an automatic polishing
machine (DPS 3200; IMTECH, Durban, South Africa). Each
tooth was sectioned by means of a low-speed cutting machine
(Isomet 1000; Buehler, Lake Bluff, IL) to obtain identical
4-mm-thick specimens. The flat surface and thickness of each
specimen were measured with a digital caliper (Mitutoyo,
Kanagawa, Japan) to ensure the desired dimensions. For
enamel specimens, the horizontal flat area was polished with
800- to 1000-grit silicon carbide paper. The flat surfaces were
examined by microscopy at 20× magnification (Meiji, Tokyo,
Japan). Specimens with exposed dentin were excluded from
further study. The enamel specimens were randomly divided
into five groups of 50 specimens. For dentin specimens, the
superficial flat dentin surface was prepared and polished by the
same procedure as used for enamel specimen preparation. Fifty
dentin specimens were divided randomly into each group. All
dentin specimens provided at least 3×6 mm2 of surface area
when examined by microscopy at 20× magnification.

Fabrication of ceramic plates

Standardized wax patterns with dimensions of 3×6 mm2 and
thickness of 1 mm were fabricated in metal molds and mea-
sured by means of digital calipers (Mitutoyo). IPS e.max Press
ingots LT A1 (Ivoclar Vivadent) were used. Spruing, invest-
ing, pressing, divesting, and finishing of the ceramic plates
were processed according to manufacturer’s recommendations.
One technician performed the entire laboratory procedure. The
thickness of ceramic plates was measured with a praecimeter
(Aura-Dental, Euerdorf, Germany) at three locations to ensure
uniform thickness of each specimen. The center of each ceramic
plate was marked to illustrate where the indenter of the testing
machine came into contact with the ceramic plate. All speci-
mens were stored at room temperature until their surfaces were
treated in the cementation procedure. For surface treatment of
ceramic plates, IPS Ceramic Etching Gel 5% HF acid (Ivoclar
Vivadent) was applied to the inner surface of specimens for
20 seconds according to manufacturer’s recommendation. The
gel was then rinsed with copious water and air dried. Monobond
N Universal Primer (Ivoclar Vivadent) was applied in one stroke
to the etched surface with a microbrush and allowed to dry com-
pletely.

Cementation procedure

Tooth and ceramic specimens were randomly assigned to eight
groups of 10 for luting with resin cement. Two types of resin
cements (RelyX U200, RelyX Ultimate) were applied to the
inner surface of the ceramic plates. Each type of resin cement
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Table 1 Summary of resin cement manipulations according to manu-
facturers’ instructions

Type of resin cement Procedure

RelyX Ultimate Application mode: Etch-and-rinse
Apply etchant for 15 seconds
Rinse for 10 seconds
Air dry to remove excess water
Apply the adhesive for 20 seconds

with vigorous agitation
Gently air thin for 5 seconds
Mix equal amounts of base and catalyst

paste for15 seconds
Apply resin cement on inner surface

of ceramic plates
Remove excess cement
Light-cure for 20 seconds per surface

RelyX U200 Mix equal amounts of base and catalyst
paste for 10 seconds

Apply resin cement on inner surface of
ceramic plates

Remove excess cement
Light-cure for 20 seconds per surface

Zinc Cement
Improved (SS
WHITE,
Gloucester, UK)

Mix 1.20 g of powder and 0.5 mL of liquid
for 1.5 minutes

Apply zinc phosphate cement on inner
surface of ceramic plates

Hold the pressure for seating 7 minutes

was applied according to the manufacturer’s instructions for
each individual group (Table 1). Metal strips of 100- and 300-
μm thickness were used as spacers in each group. The metal
strips were positioned at the ends of each side of the ceramic
plates. The inner surface of each ceramic plate was seated on ei-
ther enamel or dentin specimens. A 1 kilogram force was loaded
by means of a durometer for 10 seconds. The excessive cement
was removed with a dry microbrush. Resin cements were
polymerized with a visible-light-polymerization unit (Demi
Plus; Kerr Corp., Orange, CA; operating at 1100 mW/cm2) for
2 minutes as follows: directly on top for 40 seconds and at a 45°
angle on each of the four sides for 40 seconds each. A light in-
tensity meter (100 Optilux; Kerr Corp.) was used to monitor the
light intensity throughout the study. All specimens were stored
in deionized water at 37°C ± 2°C for 24 hours before com-
pressive fracture testing. For control groups, zinc phosphate
cement (Zinc Cement Improved) was used for cementation.
The mixing procedure of the cements was performed according
to the manufacturer’s instructions (Table 1). The freshly mixed
cement was applied to specimens before testing.

Compressive fracture resistance test and data
analysis

Each specimen was aligned to the center of the universal testing
machine (Instron model 5566; Canton, MA). A 0.5 mm/min
crosshead speed was applied to the center of each ceramic
plate. A round 2-mm-diameter steel indenter was loaded in

compressive force. When the first discontinuity of the chart
recording appeared, the testing machine crosshead was stopped.
All loads to fracture were recorded in Newtons (N).

The data were analyzed with STATA software, v.11. Multiple
regression analysis was used to determine if any correlation of
fracture load existed among the cement film thickness, resin
cement type, and substrate variables. The level of significance
was determined at 5% (p < 0.05).

Scanning electron microscopic examination

After compressive testing, the failure mode and cement film
thickness of fracture specimens were analyzed by stereomi-
croscopy (SZ 61; Olympus, Tokyo, Japan) and scanning
electron microscopy (SEM; JEOL-5410 LV; JEOL, Tokyo,
Japan). Failure types were classified into four categories
(Fig 1). Type I—adhesive failure, occurred at the interface
between cement layer and tooth or ceramic plate. Type II—
cohesive failure, observed in cement layer. Type III—mixed
failure, adhesive and cohesive failures were present in same
specimen. Type IV—partial failure, some parts of fractured
ceramic plate attached to the bonded substrate. To measure
cement film thickness, five fractured specimens of each group
were embedded in autopolymerizing clear acrylic and sectioned
with a low speed-cutting machine (Isomet 1000). The surfaces
of the prepared specimens were then polished with 800- to
1000-grit silicon carbide papers and ultrasonically cleaned for
1 minute. The specimens were allowed to dry completely in a
desiccator for 24 hours before SEM analysis. Specimens were
then mounted on stubs and sputter-coated with gold coater,
then examined by SEM at 15 kV and 150× magnification.
The measurement of cement thickness was performed at three
locations, at both ends of the specimen and at the middle.

Results

The mean fracture loads (MFL) and standard deviations for
specimens cemented with the different cement film thicknesses
and resin cement types are shown in Table 2. The group with
100-μm of cement thickness bonded to enamel with RelyX Ul-
timate presented the highest MFL (1591 ± 172.59 N), followed
by the group of those bonded to dentin (1414.13 ± 157.21 N).
MFL of groups with 300-μm of RelyX Ultimate cement thick-
ness bonded to enamel (1176.02 ± 159.81 N) was comparable
to those bonded to dentin (1155.47 ± 110.92 N). For RelyX
U200, the group with 100 μm of cement thickness bonded to
enamel revealed a higher MFL (1262.48 ± 158.97 N) than other
groups. MFL of the group with 100-μm of cement thickness
bonded to dentin (842.13 ± 92.16) was comparable to those
in the group with 300-μm cement thickness bonded to enamel
(874.65 ± 83.83) and enamel control group (879.45 ± 84.72).
The lowest MFL was found in the dentin control group (565.19
± 54.50).

The data of the fracture loads were normally distributed,
and homogeneity of variance was shown using Kolmogorov-
Smirnov analysis. Therefore, the multiple regression analysis
was used to test the relationship between the variables
(cement film thickness, resin cement type, and substrate)
and fracture resistance loads (Table 3). There was strong
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Figure 1 Schematic illustrations of specimen and
type of failure modes.

Table 2 Mean fracture load ± SD (N)

Mean fracture load ± SD (N)

Cement thickness Cement thickness Cement thickness
Substrate Cement 42.6 μm 100 μm 300 μm

Enamel RelyX Ultimate 1591.98 ± 172.59 1176.02 ± 159.81
Enamel RelyX U200 1262.48 ± 158.97 874.65 ± 83.83
Enamel Zinc phosphate (Control) 879.45 ± 84.72
Dentin RelyX Ultimate 1414.13 ± 157.21 1155.47 ± 110.92
Dentin RelyX U200 842.13 ± 92.16 618.14 ± 70.23
Dentin Zinc phosphate (Control) 565.19 ± 54.50

Table 3 Multiple regression analysis among variables (cement thick-
ness, cement type, substrate) and fracture loads

Beta
Variables coefficients (β) 95% CI p-Value

Cement thickness
100 μm 349.80 (60.94, 638.66) 0.018
300 μm 27.89 (–254.25, 310.02) 0.845
Zn phosphate (as
reference)

Cement type
RelyX Utimate 423.24 (142.71, 703.76) 0.004
RelyX U200 –12.11 (–292.88, 268.66) 0.932
Zn phosphate (as
reference)

Substrate
Dentin –238.15 (–293.24, –183.06) <0.001
Enamel (as
reference)

Adjusted R2 = 0.837.

CI = confidence interval.

correlation between the variables and fracture loads (Adjusted
R2 = 0.837). With regard to cement film thicknesses, higher
fracture loads of lithium disilicate ceramics were significantly
related to a thinner cement thickness (p = 0.018). RelyX

Ultimate significantly correlated with higher fracture loads
(p = 0.004) when compared with RelyX U200. The ceramic
plates cemented on enamel revealed significantly greater
fracture resistance load than the groups cemented on dentin
(p < 0.001).

SEM observations

The SEM images showed that the cement film thick-
nesses fabricated with 100-μm Fig 2C and 300-μm
(Fig 2A and B) spacers were the desired thickness. The mean
cement film thicknesses of representative specimens of each
group and the failure type distribution (%) as analyzed by stere-
omicroscopy and SEM are shown in Table 4. RelyX U200 ce-
ment presented the highest percentage of adhesive failure (type
I) independent of cement film thickness and bonded substrate.
Partial failure (type IV) occurred with RelyX Ultimate resin
cement, and the failure type of zinc phosphate cement was
type I.

The type I failure in RelyX U200 demonstrates that spec-
imen failure occurred at the surface between resin cement
and dentin (Fig 3A). Dentin surface was exposed in the en-
tire bonded area. Higher magnifications using SEM illustrated
the fractured ceramic and bonded surfaces of tooth specimens.
The dentin surface revealed the occluded dentinal tubules by
smear plugs, while some dentinal tubules were exposed without
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Figure 2 Photomicrography images of cement layers of representative specimens after compressive fracture testing. (A) Stereomicroscopic image
(45×) illustrates the marked locations for measuring cement film thickness under SEM. (B) SEM image of the circled area in (A), showing the cement
film thickness of the specimen fabricated with 300-μm spacers at higher magnification (150×). (C) SEM image (150×) showing the cement film
thickness of the specimen fabricated with 100-μm spacers. (D) SEM image showing zinc phosphate cement thickness at 150×. CER, ceramic; CEM,
resin cement; ENA, enamel.

Table 4 Proportional prevalence of failure types and mean cement film thickness after compressive fracture resistance testing

Failure type (%)

Cement type Substrate Mean cement film thickness (±SD) Type I Type II Type III Type IV

Zinc phosphate Enamel 41.6 ± 3.5 100 0 0 0
Dentin 43.9 ± 5.5 100 0 0 0

RelyX U200 Enamel 105.2 ± 3.9 60 0 20 20
Enamel 306.5 ± 4.1 50 0 0 50
Dentin 101.9 ± 4.0 70 0 10 20
Dentin 309.5 ± 4.5 60 0 20 20

RelyX Ultimate Enamel 97.6 ± 7.6 0 0 0 100
Enamel 311 ± 6.5 0 0 0 100
Dentin 102.1 ± 1.8 0 0 0 100
Dentin 308.9 ± 2.6 0 0 0 100

any resin cement (Fig 3B). The mean thickness of the cement
layer at the inner surface of ceramic was measured in both
groups (Figs 3C and D). Air bubbles were apparent in 300-μm
cement thickness.

The morphologic aspect of the type IV failure patterns for
RelyX Ultimate cement is illustrated in Figure 4. Under the
stereomicroscope, the image showed a general view of frac-
tured specimens in which part of the ceramic plate was at-
tached to bonded substrate (Fig 4A). At a higher magnification
(Figs 4B and C), SEM images exhibited the mixed failure of

fracture—ceramic, cement, and adhesive failure between the
tooth surface and the cement. The cohesive fracture of cement
was characterized by an irregular surface of the cement layer.

Discussion

Ceramics should be adhesively bonded to teeth to increase
fracture resistance. This study aimed to evaluate the factors
that affected fracture resistance of ceramics under compressive
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Figure 3 Photomicrographic analysis of RelyX U200 cement after being tested. (A) Type I failure modes can be seen by stereomicroscopy (20x). The
circled region is shown in (B). The dentin surface of the specimen was exposed (2000×), and both open and occluded dentinal tubules by smear
plugs can be noted (white arrows). (C, D) SEM images of ceramic plates show that fractured adhesively occurred between interface of the tooth and
the cement layer. The cement film thicknesses were measured at 150x magnification (mean thicknesses of 104.3 μm for C and 301.7 μm for D). (D)
Air bubbles resulting from mixing can be observed in cement layers (black arrows). CER, ceramic; CEM, cement; DEN, dentin.

load. This study showed that cement film thickness, resin ce-
ment type, and substrate significantly influenced fracture loads.
Therefore, the null hypothesis of this study was rejected. The
thicker cement was statistically significantly related to a de-
creased fracture resistance of ceramics. This is in agreement
with results of a previous study by Scherrer et al, who showed
significant differences between the 26- and 297-μm groups,
but not with other cement thicknesses.21 The manufacturing
process for lithium disilicate ceramic could produce ce-
ment film thicknesses ranging from 106 to 340 μm after
thermocycling.17 These findings contributed to the two resin
cement film thicknesses chosen in this study. SEM microscopy
illustrated the minimal variation of desired cement layer, based
on a study by Molin et al, which evaluated the influence of the
film thickness of resin cement on the joint bend strength.22 The
authors suggested that the air incorporated during the mixing
procedure for a dual-cure resin cement might have resulted in
the lower values for the 20-μm film thickness compared with
those for 50, 100, and 200 μm. The porosity of materials could
be relatively prominent in thicker layers of resin cement. In
contrast, Prakki et al demonstrated higher fracture resistance
of the feldspathic ceramic when resin cement film thickness
increased.20 Because of different ceramic materials, it could be
difficult to make direct association between the two studies.
The flexural strength of lithium disilicate ceramics (400 MPa)

used in this study is approximately five times greater than that
of feldspathic porcelain (60 to 70 MPa).23

The stiffness of supporting structures has a significant
impact on the fracture of ceramics when the ceramic thick-
ness decreases to 1 mm. Flexural radial fracture is influenced
by the relative moduli of supporting structures, that is, the
cement layer and remaining tooth structure.24 The higher the
elastic modulus of the supporting structure, the higher the load
to failure. As a result of this study, reducing fracture loads
of ceramics has been shown to be significantly related to the
dentin substrate. This could result from a lower elastic modu-
lus of dentin (16 GPa) compared with that of enamel (70 to 80
GPa).25 Further, increasing the thickness of the cement layer
could magnify the effect of a low elastic modulus of cement
(6 to 8 GPa). Therefore, a thinner cement thickness is signifi-
cantly related to greater fracture loads.

Resin luted to ceramics increased the fracture loads when
compared with the control groups. This was apparent for both
enamel and dentin. The strengthening effect of resin cements
on porcelain surfaces have been investigated by Fleming et al.10

The results revealed that resin cements significantly increased
the strength of porcelain independent of surface flaws. The
authors proposed that a combination of surface preparation and
the luting cement acted to move the fracture origin from the
porcelain/cement interface to the cement surface.
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Figure 4 Photomicrographic analysis of RelyX Ultimate cement after being tested. (A) Photomicrograph showing type IV failure modes by stereomi-
croscopy (20×). (B) At higher magnification (500×), the circled area shows the fracture patterns in ceramic plates that fractured adhesively between
the tooth and the cement layer. (C) The cohesive fracture in cement can be observed in this SEM image of fractured ceramic (150×). CER, ceramic;
CEM, cement; DEN, dentin.

Resin bonding systems and bonded substrates were signifi-
cantly influenced in fracture resistance loads of ceramic plates
in this study. It has been reported that resin bonded to enamel
provided better support for porcelain than did resin bonded
to dentin.26 Moreover, controlling the degree of dentin mois-
ture has been the disadvantage of the etch-and-rinse system.
Overdrying of acid-etched dentin may lead to collapse of col-
lagen fibrils, resulting in poor permeability for impregnating
monomers. In contrast, the use of phosphoric acid increased
the micromechanical adhesion between enamel and resin ce-
ment that promotes the better bond strength.27

RelyX Ultimate resin cement demonstrated significant cor-
relation with higher fracture loads of ceramic plates compared
with RelyX U200. These results suggest that resin cements
relying on the use of etch-and-rinse adhesives achieved higher
fracture resistance values. Vaz et al suggested that the bond
strength responded to the quality of the hybrid layer. Their
results showed a significant decrease in bond strength values
for the self-adhesive system compared with the etch-and-rinse
system.28 According to SEM analysis of the self-adhesive resin
cement, no hybrid layer or resin tags were observed at the
RelyX Unicem/dentin interface. Close proximity of the resin
cement with the dentin tissue was apparent. Goracci et al re-
vealed that heavier seating forces significantly promoted greater
bond strength of RelyX Unicem. They stated that reducing ce-

ment thickness and porosity could result in an increase in bond
strength.29,30 In this study, relatively small differences (<10%)
between the group with 300-μm film thickness of self-adhesive
resin cement and the control groups were observed in the same
substrates. The explanation could be the decreased fracture re-
sistance due to the magnitude of cement film thickness and the
self-adhesive resin cement system.

The failure pattern distributions revealed that adhesive frac-
tures between the cement layer and the tooth were noticeable
in the RelyX U200 cement. SEM images demonstrated both
exposed and occluded dentinal tubules by smear plugs. This
could be suggestive of a limited potential for removal or mod-
ification of smear layer and resin infiltration into the underly-
ing dentin. In contrast, specimens with RelyX Ultimate were
categorized primarily as partial and mixed failures, including
cohesive fracture of cement. This failure type might represent
cohesive resistance of the cement rather than the magnitude of
the bonding material to the enamel or dentin. Increased bond
strength could result from the use of acid-etching on tooth sur-
faces, since hybrid layers were formed. Based on the results of
this study, better bond strength between resin cement and tooth
substrate resulted in greater fracture resistance of ceramics.
Therefore, etch-and-rinse resin cement associated significantly
with greater fracture load compared to self-adhesive resin ce-
ment. It should be noted that zinc phosphate cement did not
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lute to ceramic plates, since it presented 100% adhesive failure
at the cement layer/ceramic interface.

Within the limitations of this study, a simple geometric
configuration was designed to achieve identical and uniform
cement film thicknesses supporting rectangular plates.20,21

Compressive fracture testing was the method of choice in this
study because compressive stress in masticatory force leads to
fracture of ceramic restorations. The results of this study could
enable clinicians to predict the critical load of ceramic restora-
tions in high-stress areas; however, many factors involve failure
of restorations in a physiological environment.31 High numbers
of low cyclic load and wet conditions could affect the degrada-
tion of ceramic strength. The different elastic moduli between
extracted human teeth (E = 6 GPa) and vital teeth (E = 15
GPa) should be considered.32 Clinical evaluations should be
conducted to investigate the fracture resistance of restorations
as a function of cement film thickness and bonding systems.

Conclusions

Within the limitations of this study, the following conclusions
can be drawn:

1. The variables (resin cement film thicknesses, resin cement
types, substrates) had a strong correlation with fracture resis-
tance of lithium disilicate ceramics.

2. A higher fracture resistance of ceramic was significantly
related to thinner cement film thickness and with RelyX Ulti-
mate compared to RelyX U200.

3. Bonding to dentin was significantly related to lower fracture
resistance of ceramics when compared to bonding to enamel.

4. The partial failure mode in RelyX Ultimate could suggest
that a better bond strength provided greater fracture load than
RelyX U200.
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