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Abstract
Purpose: The aim of this study was to evaluate the durability of lithium disilicate
crowns bonded on abutments prepared with two types of finish lines after long-term
cyclic loading.
Materials and Methods: Pressed lithium disilicate all-ceramic molar crowns were
bonded (Variolink II) to epoxy abutments (height: 5.5 mm, Ø: 7.5 mm, conicity: 6°)
(N = 20) with either knife-edge (KE) or large chamfer (LC) finish lines. Each assembly
was submitted to cyclic loading (1,200,000×; 200 N; 1 Hz) in water and then tested
until fracture in a universal testing machine (1 mm/min). Failure types were classified
and further evaluated under stereomicroscope and SEM. The data (N) were analyzed
using one-way ANOVA. Weibull distribution values including the Weibull modulus
(m), characteristic strength (0), probability of failure at 5% (0.05), 1% (0.01), and
correlation coefficient were calculated.
Results: Type of finish line did not significantly influence the mean fracture strength
of pressed ceramic crowns (KE: 1655 ± 353 N; LC: 1618 ± 263 N) (p = 0.7898).
Weibull distribution presented lower shape value (m) of KE (m = 5.48; CI: 3.5 to 8.6)
compared to LC (m = 7.68; CI: 5.2 to 11.3). Characteristic strengths (0) (KE: 1784.9
N; LC: 1712.1 N) were higher than probability of failure at 5% (0.05) (KE: 1038.1 N;
LC: 1163.4 N) followed by 1% (0.01) (KE: 771 N; LC: 941.1 N), with a correlation
coefficient of 0.966 for KE and 0.924 for LC. Type V failures (severe fracture of the
crown and/or tooth) were more common in both groups. SEM findings showed that
fractures occurred mainly from the cement/ceramic interface at the occlusal side of
the crowns.
Conclusion: Lithium disilicate ceramic crowns bonded onto abutment teeth with KE
preparation resulted in similar fracture strength to those bonded on abutments with
LC finish line.
Clinical Significance: Pressed lithium disilicate ceramic crowns may not require
invasive finish line preparations since finish line type did not impair the strength after
aging conditions.

Stresses at the marginal areas of fixed dental prostheses (FDPs)
can be compensated for by increasing the crown thickness dic-
tated by the depth of the finish line. This becomes a more
important issue for the durability of all-ceramic restorations
due to their brittle nature as opposed to metal ones, which

present ductility at the marginal areas.1,2 This allows for the
indication of metal FDPs not only for large chamfer (LC), but
also for knife-edge (KE), or the so-called tilted chamfer (TC)
tooth preparations. Recently, due to its high fracture strength,
yttria-stabilized zirconia in its monolithic or bilayered form
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Table 1 Mean fracture strength and standard deviation (SD) (N), Weibull distribution values including the Weibull modulus (m), characteristic strength
(0), probability of failure at 5% (0.05), 1% (0.01), correlation coefficient (CC), and confidence interval (CI) for each experimental group

Groups Mean (SD) m CI (95%) σ 0 0.05 0.01 CC CI (95%)

KE 1655 (353) 5.48 3.5–8.6 1784.9 1038.1 771 0.966 1582.6–2013.1
LC 1618 (263) 7.68 5.2–11.3 1712.1 1163.4 941.1 0.924 1569.2–1867.9

Figure 1 Weibull plot for the tested groups.

as indicated for FDPs,3-7 demonstrated favorable in vitro6 and
clinical results on KE preparations.8 Limited information is
available in this respect for glassy matrix ceramics.9

Therefore, the objective of this study was to evaluate the
durability of lithium disilicate crowns bonded on abutments
prepared with two types of finish lines after long-term cyclic
loading. The null hypothesis tested was that the finish line
type would not affect the fracture strength of lithium disilicate
crowns.

Materials and methods
Specimen preparation

One dental technician prepared standard epoxy resin (Zeiser
Blue Star, Zeiser I und II; Demetec, Mittelbiberach, Germany)
abutments by mixing the two components in a syringe (mixing
ratio: 45.8-g paste and 5.5-g hardener), polymerizing in a pres-
sure pot at room temperature for 8 hours, and then duplicating
in silicone (Wieland AGC Dubli Gum Haerter; Wieland Den-
tal, Pforzheim, Germany). The abutments represented tooth
preparations on the mandibular first molar (height: 5.5 mm,
Ø: 7.5 mm, conicity: 6°) (N = 20) with finish lines of ei-
ther KE or LC both with a radius of 1.2 mm. Pressed lithium
disilicate all-ceramic molar crowns (e.max Press; Ivoclar Vi-
vadent, Schaan, Liechtenstein) were fabricated according to
the manufacturer’s recommendations. The dimensions of the
crowns in each group were as follows: KE—occlusal: 1.5 mm;

Table 2 Distribution of failure modes in percentage, according to Refs.
(11) and (12) for each experimental group. Type I: minimal fracture or
crack in the crown; Type II: less than half of the crown lost; Type III:
crown fracture through midline or half of the crown displaced or lost;
Type IV: more than half of the crown lost; Type V: severe fracture of
the crown and/or tooth, and cracking: veneer ceramic cracked at the
interface; chipping: fracture in the veneer ceramic surface without expo-
sure of the framework; delamination: veneer ceramic was damaged and
the framework exposed; catastrophic failure: fracture in both the veneer
ceramic and the framework

Failure modes Groups

Burke’s
classification11 KE (%) LC (%)

Cracking/chipping12 I 0 0
Delamination12 II 0 20

III 10 10
IV 20 0

Catastrophic fracture12 V 70 70

axial, buccal, and lingual: 0.8 mm; axial, mesial, and distal:
1.0 mm; margin buccal/lingual/mesial/distal depth: 0.3 mm;
LC—occlusal: 1.5 mm; axial, buccal, and lingual: 1.4 mm;
axial, mesial, and distal: 1.5 mm; margin buccal/mesial/distal
depth: 0.9 mm; margin lingual: 0.8 mm.
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Figure 2 (A) Stereomicroscopy image (10×) of a representative crown
from LC group with catastrophic fracture. Overview of the fractured
crown. (B) Stereomicroscopy image (80×) corresponding to the area of
crack origin, marked in red. (C) SEM image of the crown after fracture
at 60× showing the load area. (D) SEM image at 150×. The black ar-

rows indicate the direction of the crack propagation, evidenced by the
presence of wake hackles; the red arrow indicates the possible origin
of the flaw. C, ceramic; Ce, cement; ER, epoxy resin. KE: margin buc-
cal/lingual/mesial/distal depth: 0.3 mm; LC: margin buccal/mesial/distal
depth: 0.9 mm.

Cementation

The cementation surfaces of the crowns were etched with hy-
drofluoric acid 5% (Ivoclar Vivadent) for 20 seconds. One coat
of silane coupling agent (Monobond Plus; Ivoclar Vivadent)
was applied. After 5 minutes waiting for reaction, adhesive
resin (Heliobond; Ivoclar Vivadent) was applied using a micro-
brush.

The abutments were air-abraded with alumina particles
coated with silica (CoJet Sand; 3M ESPE, Seefeld, Germany)
for 20 seconds (2.5 bar, distance: 10 mm). One coat of silane
(Monobond Plus) was applied, we waited for its reaction for 5
minutes, and then adhesive resin (Heliobond; Ivoclar Vivadent)
was applied. The crowns were cemented to their correspond-
ing abutments with dual-polymerized resin cement (Variolink
II; Ivoclar Vivadent) and polymerized with an LED polymer-
ization device (Radii-Cal; SDI, Bayswater, Australia) for 40
seconds at each direction from a distance of 2 mm (light in-
tensity: 1200 mw/cm2). The abutment/crown assemblies were
embedded in acrylic resin using a modified parallelometer.

Cyclic loading and fracture tests

Each assembly was submitted to cyclic loading (Model: ER-
11000; ERIOS, São Paulo, Brazil) (1,200,000×, 200 N, 1 Hz)10

in water and then tested until fracture in a universal testing
machine (Emic DL-1000; Emic, São José dos Pinhais, Brazil)
with a 1000 Kgf load cell (1 mm/min).

Failure type analysis

After fracture tests, failure types were categorized according
to Burke’s classification:11 Type I: minimal fracture or crack
in the crown; Type II: less than half of the crown lost; Type
III: crown fracture through midline or half of the crown dis-
placed or lost; Type IV: more than half of the crown lost;
Type V: severe fracture of the crown and/or tooth. In addi-
tion, cracks, chipping, delaminations, and catastrophic total
failures were noted.12 Fractured specimens were further eval-
uated under stereomicroscope (Stereomicroscope; Wild M3B,
Heerburg, Switzerland) at 10× to 80× and scanning electron
microscopy (SEM) (JSM-5500; JEOL Ltd., Akishima, Tokyo,
Japan) at 20× to 150× magnification.

Statistical analysis

Statistical analysis was performed with SPSS Statistics for Win-
dows v.20 (SPSS, Chicago, IL, USA). Shapiro–Wilk test indi-
cated normal distribution of the data. Data (N) were analyzed
using one-way ANOVA. Weibull analysis was performed us-
ing Minitab Version 14 (Minitab, State College, PA, USA).
Weibull distribution values including the Weibull modulus (m),
characteristic strength (0), probability of failure at 5% (0.05),
1% (0.01), and correlation coefficient were calculated:

ln ln
1

1 − Fσc

= m ln σc − m ln σ0
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Figure 3 (A) Stereomicroscopy image (10×) of a representative crown
from KE group with catastrophic fracture. Overview of the fractured
crown. (B) Stereomicroscopy image (40×) corresponding to the area of
crack origin, marked in red. (C) SEM image of the crown after fracture at

20× showing the load area. (D) SEM image at 100×. The black arrows
indicate the direction of the crack propagation, evidenced by the pres-
ence of wake hackles; the red arrow indicates the possible origin of the
flaw. C, ceramic; Ce, cement; ER, epoxy resin.

The characteristic strength was considered to be the strength
at a failure probability of approximately 63%.

Results

Type of finish line did not significantly influence the mean
fracture strength of pressed lithium disilicate ceramic crowns
(p = 0.7898) (Table 1). Weibull distribution presented lower
shape value (m) of KE compared to LC. Characteristic strengths
(0) were higher than probability of failure at 5% (0.05) followed
by 1% (0.01), with a correlation coefficient of 0.966 for KE and
0.924 for LC (Table 1, Fig 1).

Cracks and chipping were not observed. Type V failures (se-
vere fracture of the crown and/or tooth) were more common in
both groups (Table 2). SEM findings showed that fractures oc-
curred mainly from the cement/ceramic interface at the occlusal
side of the crowns (Figs 2 and 3).

Discussion

Since the finish line type did not affect the fracture strength
of lithium disilicate crowns significantly after long-term cyclic
loading, the null hypothesis tested could be accepted. As in
one similar study,9 where fracture strength of glass ceramic
(Dicor) crowns was tested, no significant effect of finish line
was noted; however, in that study no fatigue conditions were
simulated, and ceramic restorations were bonded to human

teeth. Also, a KE finish line was not even considered, as this
type of finish line was not indicated for this ceramic type.
Confirming these in vitro findings, in a clinical study,13 the
type of finish line (chamfer or shoulder) did not influence the
clinical performance of glass-ceramic crowns (Dicor), a finding
attributed to adhesive cementation of the crowns. With the use
of alumina ceramics (In-Ceram), shoulder or chamfer finish
line type also did not show significant differences in terms
of immediate mean fracture strength.14 In contrast, in another
study where metal dies were used, ceramic optimized crowns
with chamfer finish line presented significantly higher fracture
strength than those with shoulder finish line.15 It is notable
that in previous studies focusing on the fracture strength of
glass ceramic crowns, the experimental design did not involve
a KE finish line as a comparison group, most probably due to
the general conviction that this type of finish line would not
allow sufficient strength to the brittle nature of the glass-based
ceramics.

In this study, the nonsignificant effect of finish line type
on the fracture strength results even after long-term fatigue
conditions indicates that lithium disilicate ceramics may not
require invasive preparations. Although slightly lower m values
were observed with KE compared to LC, the results were not
significant. Type V failures were more commonly observed in
both groups and could be considered catastrophic failures that
cannot be repaired. Similarly, in a recent in vitro study, complete
fractures but no chippings were observed for lithium disilicate
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crowns where the abutment material was natural tooth.16 These
findings are supported in a clinical study in which up to 4 years
of findings were reported, and one fracture but no chippings
were observed out of 29 single crowns.17 In another clinical
study, out of 74 crowns, 5 fractures and 3 minor chippings of
the veneering ceramic were observed after a mean observation
period of 79.5 months.18 The authors reported that all teeth
received a 1-mm wide chamfer or rounded shoulder preparation
with an occlusal/incisal reduction of 1.5 to 2.0 mm. The study
did not mention on which kind of finish lines the fractures
happened, but chipping was attributed to occlusal adjustments
and as a consequence, roughening of the veneering ceramic.
In this study, we did not make any adjustments to the crowns
using burs.

Epoxy resin abutments were used instead of human teeth,
as it would be difficult to standardize the dimensions of the
latter. Epoxy resin abutments were air-abraded to achieve mi-
cromechanical retention between the epoxy resin and the resin
cement since adhesion of the cement to the abutment may play
a role in fracture propagation at this interface. The situation
in this experimental set-up in terms of abutment material may
clinically represent the situation where the crowns are cemented
on the resin composite cores or large composite restorations on
prepared teeth. It is assumed that air-abrasion increased the in-
terfacial strength. Thus, cracks initiated from the tensile side of
the crown material, namely the intaglio surfaces. The effect of
abutment material type on the fracture strength of glass ceramic
materials needs to be explored in future studies.

At present, mechanical testing parameters and cyclic loading
protocols show a great variation in the literature. The cyclic
loading of 1,200,000× is considered to correspond to 5 years
of clinical service.10 In our preliminary studies, 50 and 100 N
did not result in any crack formation with the ceramic material
tested, but with 200 N, we started observing hairline crack
formation. Thus, loading was performed under 200 N. Clinical
studies on the longevity of lithium disilicate FDPs should report
on the association between the incidence of failure and finish
line types employed.

Conclusions

Pressed lithium disilicate ceramic crowns bonded onto teeth
with a KE finish line resulted in nonsignificant fracture strength
and Weibull moduli compared to those bonded on teeth with
a LC finish line after long-term cyclic loading. Accordingly,
such ceramic crowns may not necessitate invasive finish line
preparations to ensure their adhesion on enamel.
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