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Objective. This study aimed to individually quantify the effects of various design parameters,

including margin thickness, convergence angle of abutment, and bonding conditions on

fracture resistance of resin bonded glass dental crown systems (namely, glass simulated

crown).

Materials and methods. An in vitro experimental test and an in silico computational eXtended

Finite Element Method (XFEM) were adopted to explore crack initiation and propagation

in  glass simulated crown models with the margin thickness ranging from 0.8 to 1.2 mm,

convergence angle from 6◦ to 12◦, and three different bonding conditions, namely non-

bonded (NB), partially bonded (PB), fully bonded (FB).

Results. The XFEM modeling results of cracking initiation loads and subsequent growth in the

glass  simulated crown models were correlated with the experimental results. It was found

that the margin thickness has a more significant effect on the fracture resistance than the

convergence angle. The adhesively bonded state has the highest fracture resistance among

these three different bonding conditions.

Conclusion. Crowns with thicker margins, smaller convergence angle and fully bonded are

recommended for increasing fracture resistance of all-ceramic crowns. This numerical

modeling study, supported by the experimental tests, provides more  thorough mechani-

cal  insight into the role of margin design parameters, thereby forming a novel basis for

clinical guidance as to preparation of tapered abutments for all-ceramic dental crowns.
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1.  Introduction

All-ceramic dental crowns have become more  and more
popular attributable to their excellent esthetics, inertness
and biocompatibility [1,2]. However, clinical failure rates of
all-ceramic prostheses are still substantially higher than
metal–ceramic counterparts particularly for molar teeth [3,4].
Based on clinical guidelines for preparing all-ceramic crowns,
greater attention needs to be paid to geometric features. Mar-
gin thickness [5], degree of convergence angle [6,7], cusp angles
[8,9], configurations of margin [10,11], etc. are some typical
clinically relevant geometric parameters. Of these, margin
design appears to be most important, being of a profound
effect on fracture resistance of all-ceramic crowns, which
can largely determine the extent of removal of sound tooth
tissue during preparation of taper abutment for achieving
adequate esthetic outcomes and structural integrity of tooth-
crown system. On the other hand, not only does minimal
preparation, by preserving as much sound tooth tissue sur-
rounding the cervical area (ferrule effect) as possible, increase
long term prognosis of the tooth, but also helps preserve pulp
vitality, thereby maintaining health status of the host abut-
ment tooth [12]. The concern remains on how these design
parameters affect the structural strength of the crown against
mechanical loading. To address this issue, both experimen-
tal and numerical studies have been conducted to identify an
effective design for all-ceramic crowns, especially for those
in the posterior region where the occlusal forces are more
demanding [13,14].

In the literature, the response of a restored tooth to
a single load to failure test is often adopted in the lab-
oratory for its simplicity in evaluating the complex stress
state of dental materials loaded onto biological hard tis-
sues [15,16]. For assessing all-ceramic crowns, typically, an
axial load is applied on anatomical crown by controlling
some factors of interest to identify how these factors affect
the catastrophic fracture loads that the crown can resist
[1,13]. While simple, such a test is considered realistic in
order to quantify the effects of various factors on the failure
load for different designs and dental materials. However, the
test often has several major limitations, such as the scatter
of recorded failure loads and the different fracture origins
compared with what happens with clinically failed crowns,
making the test somewhat less reliable clinical guide for
structural design and material selection [17]. The other key
limitation is that from such a simple test it is difficult to
reveal the fractographic details such as crack initiation and
propagation.

To restrict the attention onto the aforementioned criti-
cal design parameters, some simplified structural system, e.g.
the glass simulated crowns to be used in this study, have
proven effective, helping determine the critical conditions for
marginal failure of complex ceramic crowns under given load-
ing. There have been a number of studies reported in the
literature on use of glass specimens to explore fracture behav-
ior of brittle all-ceramic crowns [2,18]. It must be pointed out
that the fracture behavior of glass and ceramics are slightly
different. Glass fracture usually initiates from surface flaws,
whereas dental porcelain may start from both surface flaws

and internal defects. However, glass specimens have sig-
nificant benefits for laboratory studies [19], such as elastic
modulus close to that of tooth enamel and dental porcelain,
clearer fractographic features, easier visualization of internal
cracks and less complexity of fabrication [19]. In the tests,
bonding with dental resin has been shown to increase the
fracture resistance [14,20]. Again such tests are limited to the
effectiveness of capturing fracture initiation in the specimens
[21].

As one of the most powerful simulation techniques, the
finite element method (FEM) has been widely employed to
explore detailed stress distributions in all-ceramic crowns,
to a certain extent reducing the need for time-consuming
and expensive specimen preparation and experimental test-
ing [22]. For example, Qasim et al. [19] conducted a FE study
for determining the basic stress states in dome-like polymer-
filled thin walled glass structures, and they found a shift in
maximum tensile stress from the near-contact apex area to
dome edges as a consequence of localized ball contact versus
more  uniform apex loading with a soft material. As a result,
the location of maximum tensile stress changed from the
apex contact area to the margins. Ford et al.’s FE study [23]
explored the stress fields for assessing contact driven dam-
age in ceramic prostheses; but unfortunately formation of
the potential crack was not modeled. Kamposiora et al.’s FE
study [24] identified the effects of margin design, cement
materials, cement thickness, loading direction and magni-
tude on stress levels and distributions within luting cement.
Nevertheless, there have been limited studies available sim-
ulating crack formation in crown-like dental restorations to
date [25].

XFEM has proven to be a promising method to simu-
late crack initiation and propagation [26–29]. In comparison
with the conventional finite element method (FEM), XFEM
offers significant advantages for modeling crack initiation
and propagation along an arbitrary, mesh-independent and
solution-dependent path, with more  flexibility and versatil-
ity [28–30] than other numerical techniques available, such
as continuum-to-discrete element approach [25,31–34]. There-
fore, XFEM, instead of standard FEM, was employed to explore
the fracture behavior of glass simulated crown models in this
study.

In our previous experimental study on single load to fail-
ure [35], it was found that the margin thickness becomes less
influential in the tests for the adhesively bonded glass crown-
like specimens. In addition, no clear difference was observed
in the failure loads of two different margin thicknesses, i.e.
0.8 or 1.2 mm,  with different surface treatments [35]. Simple
analytical models were also developed to identify the stress
concentration at the crowns’ margin. However, the effects of
margin design parameters, especially the supporting roles of
the margin and adhesion, were not adequately addressed in
the previous analysis. An important hypothesis tested was
whether the crown design parameters, specifically the degree
of convergence, marginal thickness and bonding conditions,
play an equal role in contributing to the fracture strength.
This study will provide an in vitro experimental and an in silico
numerical study for quantifying the effects of these design
parameters on the fracture behavior, thereby establishing a
mechanical basis for clinical application.
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