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Objective: The purpose of this study was to compare the fracture resistance of ceramic 
veneers with digital die spacer settings at 20 µm, 40 µm, and 100 µm.
Materials and Methods: Eighteen sound maxillary first premolars were divided into three 
groups (n=6) according to their digital die spacer settings: group A=20 µm, group B=40 µm, 
group C=100 µm. Each tooth was prepared to a depth of 0.5 mm to receive lithium disilicate 
veneers (IPS e.max CAD, Ivoclar Vivadent). All groups were thermocycled (2500 cycles at 
5–55°C) and subjected to fracture resistance test using a universal testing machine until 
failure. Failure modes were examined using a stereomicroscope.
Results: The values (N) for group A=1181.34±301.33, group B=1014.29±291.12, and group 
C=841.89±244.59. One-way ANOVA showed no statistical difference among the three 
groups (p=0.145). However, chi-square test showed that a significant difference was present 
in the modes of failure (p=0.009). Tukey’s post hoc test indicated that the failure modes of 
group A were statistically different from those of group C, showing 83.3% adhesive failure 
for group A compared to 0% adhesive failures in group C. A p-value of ≤0.05 was 
considered as statistically significant.
Conclusion: Digital die spacer thickness did not influence the mean fracture resistance 
values of CAD/CAM lithium disilicate veneers. However, the way the failure occurred 
differed significantly at various die spacer thicknesses.
Keywords: fracture resistance, die spacer, lithium disilicate CAD veneers, CAD/CAM, 
cement thickness, cement space

Introduction
With the advances in ceramic, bonding procedures, and minimally invasive pre-
parations, laminate veneers are now considered a reliable treatment choice. Despite 
their mostly predictable prognosis, ceramic veneers are not immune to failure. 
Laminate veneers are prone to debonding, marginal discoloration, periodontal 
complications, caries, tooth fracture, and fracture of the restoration itself. Among 
these, fractures seem to be one of the most common failures.1,2

In terms of durability of the veneer, cementation undoubtedly plays a key role. 
Resin cements present numerous advantages when it comes to the cementation of 
ceramic veneers. They tend to strengthen both the tooth surface and the ceramic.3 

The increased flexural strength comes from the porcelain–resin hybrid layer result-
ing from the interpenetration of the resin in the etched porcelain surface. Moreover, 
light-cured resin-based luting agents are usually indicated as they have improved 
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color stability compared to dual-cured agents, and for the 
high degree of conversion achieved on light activation.4

Different materials used in ceramic veneers possess 
different properties. Careful choice of the appropriate 
material is therefore important. Stress concentration tends 
to increase as the elastic modulus of the cement and 
ceramic increases.5

The longevity of ceramic restorations depends not only 
on the type of cement used, but also on the close proximity 
between the restoration and tooth substrate.6 Close adapta-
tion of the veneer to the tooth surface is essential, as the 
composite resin is the weakest link in this triple substrate 
complex.7 Clearance between the tooth surface and veneer 
is crucial to allow space for the luting cement, as several 
studies have shown that direct placement of the restoration 
on the tooth surface results in lower bond strengths.8,9 The 
traditional method of providing this space is manually, 
through the application of paint-on die spacer. As dentistry 
has evolved to incorporate computer-aided design and 
computer-aided manufacturing (CAD/CAM) technologies, 
die spacer settings can be set digitally. The studies on the 
effect of cement thickness and ceramic veneers specifically 
with regard to fracture resistance are rather limited. Most 
studies on this subject have focused on complete coverage 
posterior restorations.10,11 Therefore, the aim of this study 
was to shed light on the subject with regard to laminate 
veneers. The null hypothesis stated that digital die spacer 
settings do not affect the fracture resistance of CAD/CAM 
lithium disilicate veneers.

Materials and Methods
Tooth Specimen Preparation
The protocol for this research was approved by the 
Commission of Medical Ethics of Alexandria University 
(approval number: 012403/2020). Eighteen sound perma-
nent human maxillary first premolars were extracted for 
orthodontic purposes. The patients whose premolars were 
used in this research provided informed consent in accor-
dance with the Declaration of Helsinki.

The premolars were then cleaned from any calculus 
with an ultrasonic scaler. For disinfection, they were kept 
in 0.2% thymol solution for 7 days to destroy any remain-
ing microorganisms. The teeth were then stored in distilled 
water. Afterwards, each tooth was marked 2-mm beneath 
the cementoenamel junction by using a periodontal probe. 
The roots were coated with a 0.3-mm-thick layer of wax 
until the aforementioned mark to mimic the periodontal 

space. The specimens were inserted, with the occlusal 
surface facing upward, into self-cure acrylic resin in 
a custom-made copper mold with a diameter of 14 mm 
and a length of 20 mm. The teeth and wax were removed 
from the acrylic blocks, and a single layer of polyether 
adhesive (Polyether Adhesive,3M ESPE, GmbH, Neuss, 
Germany) was applied on the roots and let to dry comple-
tely. Polyether impression material (Impregum Soft, 3M 
ESPE, GmbH, Neuss, Germany) was then applied over the 
roots before the teeth were reinserted into the acrylic 
block. A sharp blade was used to remove excess impres-
sion material.12

Tooth Surface Preparation and Veneer 
Fabrication
Each tooth was prepared to a depth of 0.5 mm into the 
enamel with a high-speed handpiece and depth-limiting 
and tapered diamond burs of medium grit (Microdont, 
USA). The preparation involved a 0.5-mm reduction of 
the buccal surface and buccal cusp. The reduction 
extended 1 mm over the occlusal surface of the buccal 
cusp12 (Figure 1).

The specimens were sprayed with titanium dioxide 
powder spray (SHERA Werkstoff-Technologie GmbH & 
Co.KG, Lemförde, Germany) and scanned using an extra-
oral Vinyl scanner (Smart optics, Bochum, Germany). 
Exocad software (Exocad, GmbH, Darmstadt, Germany) 
was used to design the lithium disilicate veneers (IPS e. 
max CAD, Ivoclar Vivadent, Schaan, Liechtenstein). The 
design was transferred to a CAM milling unit (CEREC 3 
CAD/CAM milling machine; Sirona Dental Systems, 
GmbH, Bensheim, Germany). The blocks (high translu-
cency, shade A1, size C14) were loaded into the milling 
machine and wet milled using diamond burs. The partially 
crystallized veneers were then crystallized using 
Programmat p310 (Ivoclar Vivadent, Schaan, 
Liechtenstein). Glazing and finishing were done according 
to the manufacturer’s instructions. The veneers had 
a uniform thickness of 0.5 mm. The specimens were 
divided into three groups, according to their respective 
digital die spacer settings—Group A=20 microns (µm), 
group B=40 µm, and group C=100 µm.13

Surface Treatment of Veneers
8% hydrofluoric acid (Dentobond etching gel, Itena, 
France) was used to etch the internal surfaces of the 
veneers. The etching gel was applied for 60 seconds, 
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then thoroughly rinsed with a water spray before being 
gently dried with oil-free air. Finally, the etched surfaces 
were primed with a single coat of ceramic primer (RelyX 
ceramic primer, 3M ESPE, St. Paul, MN, USA) for 60 
seconds, then air-dried before cementation.12

Surface Treatment of Tooth Surface
The prepared enamel surfaces were etched using 37% 
phosphoric acid (N-etch gel, Ivoclar Vivadent, Schaan, 
Liechtenstein) for 15 seconds, then washed thoroughly 
with a water stream for 10 seconds; the excess water was 
removed using a cotton pellet. Two layers of universal 
adhesive (Single bond universal adhesive, 3M ESPE, 

St. Paul, MN, USA) were applied using a disposable 
applicator onto the etched enamel surfaces. Compressed 
water- and oil-free air was used to disperse the adhesive 
into a uniform layer over the enamel surface.12

Cementation of Veneers
A layer of resin cement (RelyX Veneer, 3M ESPE, 
St. Paul, MN, USA) was placed on the internal surface 
of the ceramic veneer, which was then placed on the tooth 
surface by applying gentle finger pressure. The veneer was 
tack-cured for 2 seconds to enable removal of excess 
cement with an explorer tip. The veneers were then light- 
cured for 40 seconds in four straight opposite directions to 

Figure 1 Specimens preparation. (A) Marking of 1 mm of buccal cusp overlap for preparation with periodontal probe. (B) 0.5 mm depth orientation grooves on labial 
surface. (C) Veneer preparation buccal view. (D) Veneer preparation proximal view. (E) Veneer cementation buccal view. (F) Veneer cementation proximal view.
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ensure complete polymerization using a light emitting 
diode unit with a light intensity of 1200 mW/cm2 (Elipar 
TM FreeLight 2, 3M ESPE, St.Paul, MN, USA) (Figure 1). 
The artificial aging process was achieved through thermo-
cycling that comprised 2500 cycles in water baths ranging 
from 5 to 55°C.8,12

Fracture Resistance Test
A universal testing machine was used (Instron 3345, 
Instron Corporation, Canton, MA, USA) to test for frac-
ture resistance. The test was performed with a speed of 
0.5 mm/min using a 2 kN maximum load perpendicular to 
the buccal cusp tip of the veneers, until complete or partial 
fracture of the samples12 (Figure 2).

Failure Mode Assessment
A stereomicroscope (SZ114STR, Olympus, Japan) at 18× 
magnification was used to determine the mode of failure. 

Failure modes were divided into three main types, namely 
adhesive, cohesive, or mixed, according to the percentage of 
bonded material still present on the tooth surface. Cohesive 
failures occurred if >75% of luting resin remained on the 
enamel; adhesive failures, if <25% remained; and mixed 
type failure, if between 25% and 75% of the resin was still 
adhered to the enamel14 (Figure 3).

Statistical Analysis
Data were analyzed using IBM SPSS statistical software 
(version 25; IBM Corporation, Armonk, NY, USA).

The sample size was estimated assuming 5% alfa error 
and 80% study power. Based on a previous study,15 

a standardized effect size in fracture resistance of 2.144 
was assumed to detect the difference between 40 µm and 
100 µm. By comparing these two groups, to ensure the 
study power, using a standard deviation of 339.51, 
a sample of 5 specimens per group was required and 
increased to 6 to make up for processing errors. Total 
sample= number per group × number of groups= 6 × 
3=18 specimens.

Significance level was set at 0.05. Normality was 
checked using Shapiro–Wilk test and box plot. Fracture 
resistance was normally distributed and presented using 
mean and standard deviation.

Type of fractures were presented using count 
and percent. Differences between the groups regarding 
the quantitative data of fracture resistance were assessed 
using one-way ANOVA followed by Tukey’s post hoc test. 
The type of fracture (qualitative data) was compared using 
chi-square test.

Results
The mean values and standard deviations of the fracture 
resistance test are shown in Table 1 and Figure 4. The 20- 
µm group (group A) showed the highest fracture resistance, 
while the 100-µm group (group C) showed the lowest. 
However, one-way ANOVA (p≤0.05) indicated no statisti-
cally significant difference among the three groups.

Chi-square test indicated a significant difference in the 
distribution of failure modes (Figure 5). Tukey’s post hoc 
test indicated the difference to be present between groups 
A and C (Table 2). Group A showed significantly higher 
adhesive failure (83.3%) than group C (0%).

Discussion
Whether cement thickness has a significant effect on the 
fracture resistance of restorations remains debatable. This Figure 2 Fracture resistance testing with universal testing machine.
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study attempted to clarify this topic. The results of this 
study indicate that cement thickness does not affect the 
fracture resistance of CAD/CAM lithium disilicate 
veneers. Hence, the null hypothesis was accepted. Sagsoz 
and Yanıkoglu, who compared the fracture resistance of e. 
max CAD monolithic crowns with cement thicknesses of 
30 µm, 90 µm, and 150 µm found no significant difference 
in fracture resistance among the three groups.10 This phe-
nomenon can be attributed to a reduced crack propagation 
when cement thicknesses are lower than 300 µm, as 
explained by Scherrer et al.16 The study found that fracture 
resistance decreased as cement thickness increased; how-
ever, the combined effects of acid-etching and application 
of silane provide a bond strength between the cement and 
ceramic substrates which can only be jeopardized when 
the cement thickness reaches 300 µm. According to 
Venturini et al, cement thicknesses of 50 µm, 100 µm, 
and 300 µm do not seem to influence the fatigue behavior 
of leucite crowns.17 The findings of this previous study 
show that the cement space configuration in the CAD/ 
CAM software was not identical to the final cement thick-
ness. The 50 µm group actually had a cement thickness of 
120.4 µm, while the 100- and 300-μm groups presented 
a thickness of 174.9 and 337.2 μm, respectively. 
Moreover, different thicknesses were observed beneath 
the cusps and central fossa of the same restoration. This 

would possibly explain the lack of statistical significance 
in the results. Milling burs may have difficulty in reprodu-
cing the precise and fine details of the intaglio surface of 
a restoration. In addition, preparation angles, type and 
diameter of the milling bur, and the scanning process 
may result in a larger internal gap.18 Regarding stress 
distribution, Tribst et al found that cement thicknesses of 
100 µm, 200 µm, and 300 µm did not significantly affect 
the mechanical performance of occlusal veneers, as stres-
ses were mostly concentrated in the restoration itself, 
rather than the cement.19 In contrast, May et al found 
that among cement thicknesses of 50 µm, 100 µm, 300 
µm, and 500 µm, the highest strengths were found in the 
50–100 µm range.20 The authors attributed the lower per-
formance of the CAD/CAM ceramic crowns with thicker 
cement spaces to the high polymerization shrinkage stres-
ses within the cement. Moreover, in a finite element ana-
lysis conducted by Liu et al where cement thicknesses 
ranged from 10 to 180 µm, the results showed that failure 
began to occur in cement thicknesses greater than 50 
µm.13 This might be attributed to the considerable differ-
ences in the elastic modulus of the resin cement and that of 
the ceramic veneer, which were 6,000 MPa and 70,000 
MPa, respectively. The authors concluded that the opti-
mum cement thickness should be no greater than 50 µm. 
The present study reflected similar results to those of 
Karntiang and Leevailoj, who compared the fracture 
strengths of 0.5-mm and 1-mm thick veneers when their 
cement thicknesses varied between 30 and 100 µm.15 

Compared to the fracture strengths of 1-mm-thick veneers, 
those of 0.5-mm-thick veneers remained unaffected. The 
authors speculated that these results were likely because 
a 0.5-mm ceramic thickness is so thin that the effect of 
cement thickness cannot be easily discerned. On the other 
hand, 1-mm-thick veneers exhibited significantly lower 
fracture strengths at 100 µm. When a ceramic restoration 

Figure 3 Stereomicroscopic analysis of failure modes at 18× magnification. Types of failure modes: (A) cohesive, (B) mixed, (C) adhesive.

Table 1 Fracture Resistance Means (N) and Standard Deviations 
(SD)

Digital Die 
Spacer 
Thickness

20 
Microns 
(n=6)

40 
Microns 
(n=6)

100 
Microns 
(n=6)

F Test 
(P value)

Mean (SD) 1181.34 1014.29 841.89 2.203

(301.33) (291.12) (244.59) (0.145)

Notes: One-way ANOVA. Significance level was set at p≤0.05. 
Abbreviations: SD, standard deviations; P value, probability value; N, Newton.
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is uniformly bonded to a less stiff material, namely 
cement, high tensile stresses are generated within the 
ceramic at the ceramic cement interface, just beneath the 
load.21 A thicker cement thickness allows the ceramic to 
deform more into the cement as a compressive force is 
applied to it, than a thinner cement. Consequently, less 
force is required for the ceramic to fracture.11

Although the mean value of fracture strength was not 
affected in this study, the type of failure definitely was. 
The veneers with the lowest cement space (20 µm) showed 

the highest percentage of adhesive failures, as opposed to 
no adhesive failures in the group with a 100-µm digital die 
spacer setting. These findings are contrary to those 
reported by Ghasemi et al, who found that an increase in 
cement thickness resulted in reduced stress within the 
cement itself, and had an insignificant relationship on the 
stresses within the tooth or ceramic.22 The reduced stresses 
in resin cement can be related to the mechanical properties 
of the cement itself. Resin cements tend to have a low 
elastic modulus, which make them flexible and less likely 

Figure 5 Distribution of failure type in fracture resistance among the study groups.

Figure 4 Fracture resistance means and standard deviations.
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to fracture.23 In the present study, the majority of failures 
for the 40 µm and 100 µm cement thicknesses were either 
cohesive or mixed. Therefore, it can be argued that if 
greater cement thicknesses really had a reduced impact 
on the stress level of the cement and was insignificant in 
ceramic, such a large discrepancy in the failure distribution 
would not exist. The results of the present study corre-
spond more closely to those of a study conducted by 
Wimmer et al where increased cement thickness had an 
impact on the framework of zirconium fixed prosthesis, 
thus causing cohesive failures within the ceramic.23 

However, it is important to mention that a restoration 
within the oral cavity is exposed to other types of mechan-
ical forces, namely shear and tensile, and that compression 
comprises just one event that occurs during mastication. 
A successful restoration must have the appropriate criteria 
to withstand these forces. That said, even though fracture 
resistance was not influenced by an increase in cement 
space, previous studies have shown that shear bond 
strength is.8,9 Increased cement thicknesses beyond 40 
µm significantly decrease bond strength.8,9 Therefore, for 
the sake of survival of the restoration, it is preferable to 
keep the digital die spacer settings approximately within 
the range of 25–40 µm, as defined by the American Dental 
Association.24

Conclusion
Within the limitations of this study, it can be concluded 
that the value of digital die spacer settings did not affect 
the fracture resistance of lithium disilicate CAD veneers.

Disclosure
The authors have no conflicts of interests for this work to 
disclose. This research did not receive any specific grant 
from funding agencies in the public, commercial, or not- 
for-profit sectors.
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