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Fracture resistance and fractographic analysis
of pressable glass-ceramics with different
partial coverage designs for maxillary
premolars
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Abstract

Background Partial coverage concepts have met the main goal of conservative dentistry. Vonlays, which combine
features of veneers and onlays, are a recent alternative to full coverage designs and overlay partial coverage
restorations. This in vitro study was conducted to compare the fracture resistance of the newly introduced pressable
zirconia-reinforced lithium silicate with pressable lithium disilicate ceramic and to determine the optimal preparation
design for partial coverage on upper premolars.

Methods Fifty-two duplicated epoxy resin dies were prepared following vonlay and overlay preparation guidelines.
For each preparation (n=26), the specimens were divided into two subgroups to be restored with lithium disilicate
(IPS e.max Press) or zirconia-reinforced lithium silicate (Vita Ambria) (n=13 each). Ceramic vonlays and overlays were
bonded using dual cure resin cement, subjected to thermomechanical fatigue, and the load to fracture was tested by
using a universal testing machine. The specimens were fractographically analyzed via scanning electron microscopy
(SEM). The normality of the fracture resistance data was checked using the Shapiro-Wilk test and Q-Q plots, and two-
way ANOVA was used to assess the effect of the type of preparation and ceramic material on the fracture resistance.

Results The group of overlays restored with zirconia-reinforced lithium silicate showed the highest mean fracture
load (1218.69 N), while the group of vonlays restored with lithium disilicate had the lowest mean fracture resistance
(967.15 N). The effect of preparation design and material type on fracture resistance was significant for both factors,
p=0.003 and p <0.0001, respectively. Different features of the fracture surfaces, such as arrest lines, hackles, and
directions of crack propagation, were observed.

Conclusions Zirconia-reinforced lithium silicate exhibited greater resistance to fracture compared to lithium
disilicate, making it a potential substitute for partial coverage restorations. Additionally, the overlay showed superior
fracture resistance when compared to the vonlay preparation design.
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Introduction

Partial coverage preparation designs restored with den-
tal ceramics may be considered a breakthrough in recent
dental practice, meeting the main goal of the novel trend
of minimally invasive dentistry [1]. There is a well-estab-
lished link between increased tooth structure loss and
strength degradation [2]. Furthermore, cavity prepara-
tion considerably reduces cusp stiffness [3, 4]. There-
fore, expanding preparation designs from inlays and
partial coverage onlays to complete-coverage crown
restorations, traditionally used to strengthen the tooth/
restoration complex, often comes at the expense of the
remaining tooth structure [5]. This approach frequently
leads to fracture failures that affect both the restoration
and the underlying tooth structure, typically resulting in
catastrophic outcomes [6]. Furthermore, wide complete
coverage crown preparation designs may compromise
the health of the tooth [7].

The term “Vonlay,” also referred to as “Veneerlay,” rep-
resents a recently introduced partial coverage prepara-
tion design, specifically tailored for the posterior region.
It involves combining an onlay with an extended buc-
cal veneer surface, suitable for areas where there is suf-
ficient enamel for bonding [8]. Although this restorative
approach offers the similar esthetics and structural bene-
fits as a full coverage crown, it involves a far less intrusive
preparation. The components from veneers and onlays
are combined to improve the preserved tooth structure’s
appearance while providing function and longevity [9,
10]. Moreover, various contemporary overlay prepara-
tion designs have been introduced in several studies as
acceptable partial restorations in the posterior region
with improved mechanical behavior [11, 12].

Although various types of dental ceramic materials
have been introduced in recent years being indicated for
different types of indirect restorations, lithium disilicate
glass ceramics have achieved appropriate agreement due
to a relevant fracture resistance [13]. This may be attrib-
uted to the highly filled glass matrix, made possible by
the shape and volume of crystals, resulting in a crystal-
line content of approximately 70% [14]. Clinical and sci-
entific data available for different restorations fabricated
with this material are considered excellent [15]. Recently,
zirconia-reinforced lithium silicate glass ceramic materi-
als (ZLS) were introduced, where 10% zirconium dioxide
particles are homogeneously incorporated into a lithium
metasilicate glass ceramic matrix to improve its biocom-
patibility and mechanical properties [16, 17]. Several
studies have been conducted to evaluate the fracture
resistance of CAD/CAM ZLS restorations [18, 19], but
none has experienced the fracture resistance of the press-
able ZLS.

The curse of brittle ceramic dental materials is that
they are prone to catastrophic fracture. Fracture can
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be defined as the detrimental process of creating new
surfaces within a body [20]. Fracture usually occurs at
stresses above the elastic limit of materials, where the
stress at which a material fractures is referred to as the
fracture strength (resistance) [21]. The fracture surfaces
of broken parts can be examined by fractographic analy-
sis because much information can be obtained through
observation and quantification of the extension, direc-
tion, and patterns of crack propagation within fractured
surfaces [20].

The purpose of this in vitro study was to compare the
fracture resistance of two types of pressable ceramics,
zirconia-reinforced lithium silicate and lithium disili-
cate and to determine the optimal preparation design for
partial coverage (vonlays and overlays) restoring maxil-
lary premolars, as well as to evaluate their fractographic
behavior. The null hypothesis states that there is no dif-
ference in the fracture resistance of the two ceramic
materials used for vonlays and overlays.

Methods

Teeth selection and preparation

Two maxillary premolars, extracted for orthodontic rea-
sons, were collected from informed patients who agreed
to voluntarily donate their teeth for research purposes,
respecting the Declaration of Helsinki, with explicit
consent obtained for their utilization. The teeth were
inspected and checked to be free of caries, cracks, and
restorations. The teeth were kept hydrated during the
experimental procedures by immersion in saline solution
[22].

Teeth were prepared as a vonlay and an overlay prepa-
ration design. Vonlay preparation (Fig. 1a) was performed
following the ceramic MOD inlay guidelines with buccal
and palatal cuspal reduction following occlusal anatomy
[9]. The reduction dimensions were 1.5 mm for the buc-
cal (nonfunctional) cusp and 2 mm for the palatal (func-
tional) cusp using a tapered flat end diamond bur (ISO
171/016, TE-21, Mani, Germany). The depth of the occlu-
sal box was 2 mm from the cusp tip to the pulpal floor,
mesial and distal boxes measured 1 mm from the pulpal
floor to the gingival seat. The divergence angle (12°) was
made using a flat-end conical diamond bur (ISO 171/016,
TE-31, Mani, Germany), where the isthmus portions
extended for one third of the bucco-palatal dimension.
The preparation was extended to the labial surface to
end with a chamfer finish line of depth 0.5 mm using a
tapered round-end diamond bur (ISO 199/016, TR-12,
Mani, Germany) 1 mm away from the cementoenamel
junction in the occlusal direction. The finish line on the
palatal cusp was chamfer located 1 mm from the occlu-
sal contact on the functional cusp and was extended to
meet the mesial and distal boxes. All the measurements
were made using a calibrated periodontal probe, and the
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Fig. 1 (a) a vonlay tooth preparation, (b) overlay tooth preparation

internal line angles and the margins of the preparation
were rounded and finished [9]. The Overlay preparation
(Fig. 1b) was prepared with the same mentioned prepara-
tion guidelines with a chamfer finish line located 1 mm
from the occlusal contact on the functional cusp, which
was extended to meet the mesial and distal boxes and a
reduction of 1.5 mm to the buccal cusp without a finish
line [11]. The preparations were performed by the same
operator.

Duplication of the prepared teeth

Teeth were duplicated to form twenty-six epoxy resin
dies for each preparation design. Half of the specimens
were restored with lithium disilicate, and the other were
restored with zirconia-reinforced lithium silicate. The
sample size was calculated based on a previous study
that compared the fracture resistance of ceramic vonlays
restoring premolars [9]. Sample size was based on Ros-
ner’s method [23] calculated by G*Power 3.1.9.7. [24] By
assuming 5% alpha error and 80% study power, the mini-
mal required sample size was found to be 11 samples per
group, which was increased to 13 samples to compensate
for processing errors. Total sample=number per group x
number of groups=4x13=52 samples.

Polyvinyl siloxane (PVS) molds (Coltene/Whaledent
AG, 9450 Altstatten, Switzerland) were used for the con-
struction of the epoxy resin dies. After mixing, the mate-
rial was injected into a cylindrical plastic container with
a diameter of 20 mm, and the prepared natural tooth was
placed. The material was allowed to set, after which the
natural tooth was removed. This procedure was repeated
to produce 26 silicon molds for each preparation design
[9]. The base and the catalyst of the epoxy resin material
(solvent-free transparent epoxy resin. CMB Intl, Egypt)
were mixed in an auto mixing device (200 r/min) and
then poured into the PVS molds under vibration to elimi-
nate air bubbles. The epoxy resin dies were allowed to
completely set for 48 h [9]. Magnifying loupes (3x) were

used to check for any surface defects in the epoxy resin
dies, after which epoxy resin bases were constructed to
support the dies during the cyclic loading and fracture
resistance tests. A plastic cylinder was used as a holder
for the epoxy resin material, forming the base, with the
epoxy resin die placed at its center until the epoxy resin
was completely set [9].

Grouping

A total of 52 epoxy resin dies were divided into four
groups according to the preparation design and the
type of restorative material used: Evon- Vonlay cavity
preparation design restored with lithium disilicate (IPS
e.max Press, Ivoclar Vivadent, Schaan, Liechtenstein);
VVon- Vonlay cavity preparation design restored with
zirconia-reinforced lithium silicate (Vita Ambria, VITA
Zahnfabrik, Bad Séackingen, Germany); EOver- Overlay
cavity preparation design restored with lithium disilicate
(IPS e.max Press); VOver- Overlay cavity preparation
design restored with zirconia-reinforced lithium silicate
(Vita Ambria).

Optical impression of the epoxy resin dies and designing
of wax

Digital impressions were made to construct wax patterns
for the fabrication of the ceramic restorations [9]. Each
die was sprayed with Cerec Optispray (Sirona dental
systems GmBH, Germany) and scanned using an intra-
oral scanner (CarestreamCS3700, Carestream Dental
LLC, Atlanta, GA, USA). The scanning procedure was
continuous starting from the occlusal surface of the die
with alternating bucco-palatal movement followed by the
proximal surfaces of each die [25]. The wax patterns were
digitally designed with computer-aided design software
(Fig. 2a and b). The designs were dry milled in CAD/
CAM wax blanks (Super Green wax, Natura DMAX,
Daegu, Korea) to produce 26 wax specimens for each
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Fig. 2 (a, b) showing virtual wax pattern designs for vonlay and overlay respectively, (c, d) cemented vonlay and overlay

preparation design using a 5-axis milling machine (Cera-
mill Motion 2 - Amann Girrbach AG, Austria) [26].

Fabrication of the ceramic vonlays and overlays

Wax patterns of the vonlays and overlays were invested
(Bellavest T, BEGO, Germany) and burned out. Lithium
disilicate ingots were pressed and the restorations were
constructed using firing and pressing furnace (Programat
EP 3010; Ivoclar Vivadent, Schaan, Liechtenstein) at a
temperature of 850°C for 60 min according to the man-
ufacturer’s instructions. Additionally, ZLS ingots were
pressed, and the restorations were constructed at a tem-
perature of 880°C for 25 min in the same furnace. After
divestment and separation, the restorations were pre-
pared for cementation, after which the fitting surfaces of
the restorations were etched with 9.5% hydrofluoric acid
(Bisco, Schaumburg, Illinois, USA) for 90 s, thoroughly
rinsed with water, and air-dried. The etched intaglio
surfaces appeared dull and frosty, then a silane coupling
porcelain primer (Bisco, Schaumburg, Illinois, USA) was
applied combined with one layer of porcelain bonding
resin (Bisco, Schaumburg, Illinois, USA) [27]. Ceramic
vonlays and overlays were bonded using dual cure resin
cement (BisCem, Bisco, Schaumburg, Illinois, USA)

(Fig. 2c and d) with a specially designed device for load
application during the cementation procedure.

Thermo-mechanical fatigue and fracture resistance test
The specimens were subjected to 250,000 mechanical
cycles at 1.6 Hz frequency, and simultaneous 1000 ther-
mal cycles between 5 °C and 55 °C with 60 s holding time
and 15 s between temperatures in a customized mastica-
tion simulator that simulates approximately 12 months
of clinical conditions [28]. A stainless steel antagonist
represented the opposing cuspwas directed to make ini-
tial contact with the internal incline of the palatal (func-
tional) cusp [29]. A 0.5 mm thick silicon sheet was placed
between the loading point and the surface of the speci-
mens to prevent generation of contact surface damage
which could lead to premature failure [30].

All specimens were visually inspected under a light
stereomicroscope (SZ1145TR, Olympus Japan) at 5-10x
magnification to detect any cracks or restoration debond-
ing to be excluded from the fracture resistance testing
procedure. All the specimens underwent load-to-fracture
testing under a universal testing machine (5 ST, Tin-
ius Olsen England 2018). A stainless steel sphere with
a diameter of 4 mm in the upper compartment of the
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Table 1 Comparison of fracture resistance (N) among the study groups
Vonlay Overlay
E-max Vita Ambria E-max Vita Ambria
(n=13) (n=13) (n=13) (n=13)
Mean 967.15+33.14 1123.08+£142.73 1033.38+83.13 1218.69+87.30
95% Cl 947.13,987.18 1036.82, 1209.33 983.15, 1083.62 1165.94, 127145
Median 961.00 1101.00 997.00 1232.00
Min — Max 925.00-1048.00 941.00-1345.00 901.00-1170.00 1013.00-1332.00

device was used to apply the compressive load axially at
a crosshead speed of 1 mm/min, making contact with the
center of the occlusal surface of each specimen [31]. Dur-
ing the testing procedure, the load gradually increased
until a sudden sharp drop in the force was recorded
within the software, and this change was accompanied
by failure. The maximum load (N) recorded before the
reduction in the magnitude of the force was considered
the “fracture load” [12].

Fractographic analysis

After failure, each specimen was inspected under a
stereomicroscope (18x), then coated with gold and
inspected under a scanning electron microscope (SEM,
JEOL-JSM-5510LV, JEOL Ltd., Tokyo, Japan) (35x and
500x magnifications). The mode of failure of each speci-
men was categorized following Burke’s classification
[32] as follows: Type I- minimal fracture or crack in the
crown; Type II- less than half of the crown lost; Type
II- 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.
In addition, cracks, chipping, delamination, and cata-
strophic total failures were noted.

Statistical analysis

The normality of the fracture resistance data was checked
using the Shapiro-Wilk test and Q-Q plots and was found
to be normally distributed. The data are presented mainly
as the mean, standard deviation and 95% confidence
interval (CI). The mode of fracture was presented as the
frequency and percentage. Two-way analysis of vari-
ance (ANOVA) was used to assess the effect of the type
of preparation and restorative materials on the fracture
resistance. The Kruskal-Wallis test with Dunn’s post hoc
test with Bonferroni correction was used to analyze the
failure mode between groups. All tests were two tailed,
and the level of significance was set at a p value<0.05.
The data were analyzed using IBM SPSS, version 23 for
Windows (Armonk, NY, USA).

Results

A comparison of fracture resistance among the four
groups is presented in Table 1, which shows the mean
(N) and standard deviation for each group according to

Table 2 Two-way ANOVA assessing the effect of preparation and
material on fracture resistance

Variables Mean Df Ftest Pvalue Partial
square Eta
Squared
Vonlay vs. Overlay 85131.08 1 9.46 0.003*  0.165
E-max vs. Ambria 37842492 1 42.04 <0.0001* 0467
Interaction 2806.23 1 0312 0579 0.006
Corrected Model 15545408 3 1727 <0.0001* 0519

*Statistically significant difference at p value<0.05

Table 3 Estimated marginal means of preparation and material

Variables Mean SE 95% Cl

Preparation Vonlay 1045.12 1861 1007.71,1082.53
Overlay 1126.04 18.61 1088.63, 1163.45
Difference 80.92 2631 28.02,133.83

Material E-max 1000.27 18.61 962.86, 1037.68
Ambria 1170.89 18.61 1133.48,1208.29
Difference 170.62 26.31 117.71,223.52

the 95% confidence intervals, medians, and minimum
and maximum values. The VOver group had the high-
est mean value (1218.69+87.30 N), followed by the VVon
group which was (1123.08+142.73 N) and the EOver
group (1033.38£83.13 N); the lowest mean value was
recorded for the EVon group (967.15+33.14 N).

Two-way ANOVA is shown in Table 2 to evaluate the
effect of preparation design and material type on frac-
ture resistance, which was statistically significant for
both F test=9.46 (p=0.003) and F test=42.04 (p<0.0001),
respectively, where Table 3 shows the estimated mar-
ginal means of preparation and material. The partial eta
squared value is 0.165 for the preparation design and
0.467 for the material type. The interaction effect between
these two variables was not significant (p=0.579) accord-
ing to the partial eta squared (0.006) test.

A comparison of the mode of fracture between the
four study groups is presented in Fig. 3, which shows the
number of samples located at each type of Burke’s clas-
sification and its percentage among the groups; these
results are statistically significant (p=0.001). A pairwise
comparison of the mode of fracture according to Burke’s
classification among the study groups showed that the
difference between EVon and VVon was significant
(p=0.026); however, when compared with EOver, the
difference was not significant (p=1.00). The difference
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between the EVon and VOver groups was significant
(p=0.007). A comparison between the VVon and the
EOver and VOver groups did not reveal significant dif-
ferences (p=0.100 and p=1.00, respectively), while a sig-
nificant difference was found when comparing the EOver
to the VOver group (p=0.033). Additionally, a negative
correlation between fracture resistance and failure mode
was identified, with a Rho value of -0.306 (p=0.027), as
shown in Fig. 4.

Fractographic analysis revealed the detailed features
of the fractured surfaces and indicated that the fracture
originated at the occlusal side (at the loading sphere
placement area) and propagated cervically. Different frac-
ture features, such as arrest lines (Figs. 5 and 6a, c and d

and Fig. 7), hackles (Figs. 5 and 6a, b and c and Fig. 7a, b
and c) and twist hackles, were indentified at higher mag-
nifications (Fig. 6d and Fig. 7b and d). Chipping was not
observed in the specimens, while cracks were observed
in the VVon (3 specimens) and VOver (3 specimens)
groups and were classified as type I according to Burke’s
classification. Fracture of the restoration without dis-
placement (also classified as type I according to Burke’s
classification) was observed in the VVon (2 specimens),
EOver (1 specimen) and VOver (1 specimen) groups,
where the fracture was complete along the depth of the
restoration mesiodistally. Type II fractures were found
in the VVon and VOver groups, where less than half of
the restoration fractured and displaced, with the rest
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Fig. 5 Stereomicroscope images (18x) of representative samples from each group. (a) for EVon group, (b) for VWon group, (c) for EOver group, (d) for
VOver group. Red arrows: Arrest lines; yellow arrows: Hackle lines

remaining attached. Type III failures were absent in all
groups. Type IV failures occurred in the EVon, EOver,
and VOver groups, with varying degrees of restoration
displacement and fragmentation. Type V catastrophic
failures were present in all groups, with the EVon group
showing the most significant damage, followed by EOver,
VVon, and VOver groups, where both the restorations
and epoxy resin dies experienced complete fractures,
often involving displacement.

Discussion

The aim of this study was to compare the fracture resis-
tance of Vita Ambria, a newly introduced material, to
IPS e.max Press, often regarded as the gold standard
for glass-ceramic pressable materials. Additionally, the
study evaluated the fracture resistance of two partial
coverage preparation designs, vonlays and overlays, used
for restoring premolars. Various factors can influence
the fracture behavior of ceramic restorations, includ-
ing the choice of restoration and die materials, prepara-
tion geometry, restoration thickness, and cementation
procedures [10]. The natural tooth material significantly
affects stress distribution in restorations, making it
essential to consider this when simulating in vivo condi-
tions. In this study, an epoxy resin die with a lower elas-
ticity modulus was used to replicate clinical conditions,
ensuring standardization across samples and facilitating

reproducibility [33]. A single virtual restoration design
for each preparation design was created using CAD/
CAM system and milled from a wax blank to standardize
the ceramic thickness for all samples, which were then
pressed using ceramic ingots.

This study indicated that Vita Ambria exhibited sig-
nificantly greater fracture resistance compared to E-max
Press for both preparation designs. Additionally, the over-
lay preparation design demonstrated significantly higher
fracture resistance than the vonlay preparation design.
Therefore, the null hypothesis proposed was rejected.
This could be attributed to the incorporation of zirconia
particles in the Vita Ambria ceramic, which could hin-
der the crack propagation process, requiring higher load
values to failure [34]. Zirconia particles act as nucleating
agents incorporated in the glassy matrix causing crack
propagation interruption [35]. Zirconium dioxide (ZrO,)
transformation toughening reinforces the glass-ceramic
in addition to the action of crack deflection. Compres-
sive stress is created on the crack or in the micro cracks
surrounding it by the expansion of the ZrO2 grain vol-
ume that accompanies the phase transition. These micro
cracks increase the glass-ceramic’s resistance to fracture
by absorbing the energy from the main crack [36, 37].

The findings of this study align with a previous investi-
gation [16], which concluded that Vita Suprinity showed
significantly greater fracture resistance than IPS e.max



Abdelaal et al. BMC Oral Health (2024) 24:1078

(35 S868mm

BBe6e 84,

S88nm BB88

Page 8 of 11

18akL a4 -/JAN/24

18kV

Fig. 6 SEM images of representative samples from groups EVon and VVon at 35x magnification (Fig. 6 a and ¢, respectively), where the white squared
area is shown at 500x magnification (Fig. 6 b and d, respectively). Red arrows: arrest lines; yellow arrows: hackle; black arrow: direction of crack propaga-

tion, blue arrow: twist hackle

CAD. The authors attributed this finding to the fine
homogeneous crystalline structure of the former in com-
parison to the needle-shaped crystals embedded in the
glassy matrix of the latter. Additionally, the high fracture
toughness of ZLS is related to the incorporation of zir-
conia particles, which reinforce the glassy matrix without
being clouded by the dissolution of the zirconia particles
[17]. Another study [18], also reported that ZLS crowns
exhibited greater fracture resistance than those made
of lithium disilicate and justified their results due to the
variation in the microstructure of both materials. A study
by Ghajghouj and Tasar-Faruk [19], showed greater frac-
ture resistance for ZLS endocrowns compared to lith-
ium disilicate endocrowns. Another study conducted by
Al-Akhali et al. [14], inferred that lithium disilicate had
greater fracture resistance than ZLS before thermome-
chanical fatigue; however, lower fracture resistance was
verified for lithium disilicate after thermomechanical

aging.

All preparation designs in our study followed stan-
dardized dimensions and included an MOD inlay box
to simulate complex clinical scenarios and assess the
performance of various ceramic materials under chal-
lenging conditions. The overlay preparation design has
shown greater fracture resistance than the vonlay prepa-
ration design. This result contrasts with the findings of a
previous study [10], which reported that occlusal onlays
(overlays) had lower failure loads than complete veneers
(vonlays) when both were restored with IPS e.max Press
using standard preparation dimensions. However, in
cases of minimal thickness, overlays exhibited better
performance than vonlays. The results of our study may
be attributed to the complexity of the vonlay prepara-
tion and the reduced thickness of the buccal portion,
as well as the delicacy of the transitional parts between
the occlusal onlay portion and the veneer portion, which
may lead to catastrophic failures. Specifically, the prepa-
rations’ details could create stress concentrators, partic-
ularly if the transitions are not smoothly executed or if
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Fig. 7 SEM images of representative samples from groups EOver and VOver at 35x magnification (Fig. 7 a and ¢, respectively), where the white squared
area is shown at 500x magnification (Fig. 7 b and d, respectively). Red arrows: arrest lines; yellow arrows: hackle; black arrow: direction of crack propaga-

tion, blue arrow: twist hackle

a more brittle material is used. This explanation is con-
sistent with the findings of a previous study [12], which
analyzed the fracture behavior of occlusal veneers with
different designs and concluded that an increase in the
number of axial walls in the preparation design led to a
decrease in the fracture resistance with more fracture
stresses within the restoration.

Fractographic analysis, typically used to determine
crack propagation direction and fracture origin, was con-
ducted in this study using SEM on the fracture surfaces
of pressable glass-ceramics. The fractures were found to
originate at the occlusal side, where the loading sphere
was placed, and then propagated cervically. Key features
observed included smooth mirror regions indicating ini-
tial crack growth, mist regions with microcracks, and
hackle regions with secondary cracks. However, the high
crystalline content of glass ceramics made detailed frac-
tographic analysis challenging with SEM imaging [20].
The study revealed that fracture modes varied based on
preparation design and restorative material. ZLS showed

fractures originating from stress concentration points
with higher resistance to crack propagation and less
branching, indicating a more favorable failure mode. In
contrast, conventional lithium disilicate fractures often
propagated through larger areas, starting from surface
defects or stress concentrations, reflecting its lower frac-
ture resistance compared to ZLS. This suggests a nega-
tive correlation between fracture resistance and failure
mode, where increased fracture resistance correlates with
less severe failure modes. The study also highlighted the
impact of preparation design on material performance,
with smoother designs like overlay offering better stress
distribution and reduced failure severity. While vonlays
frequently showed fractures starting at the transition
between the buccal surface and the proximal box, with
cracks following stress concentration lines. This pattern
supports the design’s lower fracture resistance and more
severe failure modes. These findings align with previous
research [12], which experimented with different prepa-
ration designs of maxillary premolars and found that the
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fracture occurred directly beneath the loading area and
also in accordance with Kasem et al. [38], who evaluated
the fracture resistance of a ZLS material (celtra duo) and
found that fractures originated mainly at the occlusal side
at the area where the indenter was placed and propagated
towards the cervical line.

The way each specimen has experienced failure (Burke’s
classification) may not closely simulate the in vivo situ-
ation; however, it is a standardized method to compare
various groups [32]. The absence of Type III failures in
this study is likely due to material properties, experimen-
tal conditions, and the fracture behavior of the restora-
tions. This finding aligns with a previous study [9], which
also found no Type III failures in ZLS VITA Suprinity
and IPS e.max CAD vonlays. If applicable on clinical situ-
ation, types I, II and IV represent fracture of the resto-
ration without fracture of the underlying prepared tooth,
which could be clinically treated by repairing or replacing
the restoration, while type V include the fracture of the
prepared tooth which may be untreatable.

A limitation of this study, as with most in vitro studies,
is the inability to completely simulate the oral environ-
ment even performing thermomechanical aging. How-
ever, in vitro studies are considered a reliable method for
comparing different groups and provide an indication of
the material’s mechanical behavior under certain condi-
tions. Another limitation was the use of epoxy resin dies
instead of natural teeth, which, despite ensuring stan-
dardization, may have caused some variation from the
clinical response due to the specific characteristics of
bonding to dental tissues and their behavior after ther-
momechanical fatigue. Further studies could integrate
finite element analysis (FEA) to correlate the experimen-
tal results with computational models, offering a more
thorough understanding of the mechanical behavior of
the restorations. This would extend the findings of the
current research. Additionally, future research should
include clinically relevant scenarios, such as using teeth
with carious lesions or other forms of damage, to better
replicate clinical conditions. This would provide more
detailed information on how disease impacts prepara-
tion, bonding, and restorative material performance.
Moreover, further investigation is required to assess the
performance of other commercially available products,
enabling a comparative analysis of different brands and
providing a deeper insight into how material variations
impact clinical outcomes.

Conclusions

Zirconia-reinforced lithium silicate exhibited greater
resistance to fracture compared to conventional press-
able lithium disilicate, making it a potential substitute for
partial coverage restorations. Additionally, the overlay
preparation design showed superior fracture resistance
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compared to the vonlay preparation design. Future
research incorporating diverse tooth models, multidirec-
tional loading, and natural teeth is needed to validate and
extend these findings for broader clinical applicability.
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Overlay cavity preparation design restored with zirconia-
reinforced lithium silicate

Group EOver

Group VOver

Author contributions

AA: Conceptualization, Methodology, Data curation, Writing- Original draft
preparation, Visualization, Investigation. HK: Supervision, conceptualization,
validation, reviewing. AH: Supervision, conceptualization, validation, reviewing
and editing.

Funding sources

No funding was received.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
All the data generated or analyzed during this study are included in this
article. Further inquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate

The protocol was approved by the Institutional Ethical Committee, Faculty of
Dentistry, Alexandria University (IRB NO 0564 —12/2022) and registered under
registration number IORG0008839. All participants provided written informed
consent to use their teeth for research purposes.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 May 2024 / Accepted: 26 August 2024
Published online: 13 September 2024

References

1. Singer L, Fouda A, Bourauel C. Biomimetic approaches and materials in
restorative and regenerative dentistry: review article. BMC Oral Health.
2023;23(1):105.

2. Thainimit |, Totiam P, Wayakanon K. Fracture resistance of remaining buc-
cal cusps in Maxillary Premolar Ceramic Onlay restorations. Oper Dent.
2020;45(6):624-31.

3. Magne P, Belser UC. Porcelain versus composite inlays/onlays: effects of
mechanical loads on stress distribution, adhesion, and crown flexure. Int J
Periodontics Restor Dent. 2003;23(6):543-55.

4. Magne P, Knezevic A. Influence of overlay restorative materials and load cusps
on the fatigue resistance of endodontically treated molars. Quintessence Int
(Berlin Germany: 1985). 2009;40(9):729-37.

5. Dejak B, Mlotkowski A, Romanowicz M. Strength estimation of different
designs of ceramic inlays and onlays in molars based on the Tsai-Wu failure
criterion. J Prosthet Dent. 2007;98(2):39-100.



Abdelaal et al. BMC Oral Health

13.
14.

20.

22.

23.

(2024) 24:1078

Beier US, Kapferer I, Dumfahrt H. Clinical long-term evaluation and

failure characteristics of 1,335 all-ceramic restorations. Int J Prosthodont.
2012;25(1):70-8.

Valderhaug J, Jokstad A, Ambjornsen E, Norheim PW. Assessment of

the periapical and clinical status of crowned teeth over 25 years. J Dent.
1997;25(2):97-105.

McLaren EA, Figueira J, Goldstein RE. Vonlays: a conservative esthetic alterna-
tive to full-coverage crowns. Compend Contin Educ Dent. 2015;36(4):282.
Elsayed M, Sherif R, El-khodary N. Fracture resistance of Vita suprinity versus
IPS e.max CAD vonlays restoring premolars (an in vitro study). Int J Appl Dent
Sci. 2020,6(3):734-41.

Guess PC, Schultheis S, Wolkewitz M, Zhang Y, Strub JR. Influence of
preparation design and ceramic thicknesses on fracture resistance and
failure modes of premolar partial coverage restorations. J Prosthet Dent.
2013;110(4):264-73.

Channarong W, Lohawiboonkij N, Jaleyasuthumkul P, Ketpan K, Duangrat-
tanaprathip N, Wayakanon K. Fracture resistance of bonded ceramic overlay
restorations prepared in various designs. Sci Rep. 2022;12(1):16599.

Huang X, Zou L, Yao R, Wu S, Li Y. Effect of preparation design on the
fracture behavior of ceramic occlusal veneers in maxillary premolars. J Dent.
2020;97:103346.

Giordano li R. Ceramics overview. Br Dent J. 2022:232(9):658-63.

Al-Akhali M, Chaar MS, Elsayed A, Samran A, Kern M. Fracture resistance of
ceramic and polymer-based occlusal veneer restorations. J Mech Behav
Biomed Mater. 2017;74:245-50.

McLaren E, Giordano R. Ceramics overview: classification by microstructure
and processing methods. Compend Contin Educ Dent. 2010;31:682-4.
Elsaka SE, Elnaghy AM. Mechanical properties of zirconia reinforced lithium
silicate glass-ceramic. Dent Mater. 2016;32(7):908-14.

Preis V, Behr M, Hahnel S, Rosentritt M. Influence of cementation on in vitro
performance, marginal adaptation and fracture resistance of CAD/CAM-
fabricated ZLS molar crowns. Dent Mater. 2015:31(11):1363-9.

Hamza TA, Sherif RM. Fracture resistance of monolithic Glass-ceramics Versus
Bilayered Zirconia-based restorations. J Prosthodont. 2019;28(1):e259-64.
Ghajghouj O, Tasar-Faruk S. Evaluation of Fracture Resistance and Microleak-
age of endocrowns with different Intracoronal depths and restorative materi-
als luted with various Resin cements. Mater (Basel). 2019;12(16):2528.
Scherrer SS, Lohbauer U, Della Bona A, Vichi A, Tholey MJ, Kelly JR, van Noort
R, Cesar PF. ADM guidance-Ceramics: guidance to the use of fractography in
failure analysis of brittle materials. Dent Mater. 2017;33(6):599-620.

Kelly JR, Cesar PF, Scherrer SS, Della Bona A, van Noort R, Tholey M, Vichi A,
Lohbauer U. ADM guidance-ceramics: fatigue principles and testing. Dent
Mater. 2017;33(11):1192-204.

Arshad M, Hassantash S, Chinian S, Sadr A, Habibzadeh S. Fracture strength
and three-dimensional marginal evaluation of biocompatible high-perfor-
mance polymer versus pressed lithium disilicate crowns. J Prosthet Dent.
2023;130(1):132.e131-132 e139.

Rosner B. Fundamentals of biostatistics Nelson Education 2015.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 11 of 11

Faul F, Erdfelder E, Lang AG. A. B: G*Power for Windows (version 3197) (Com-
puter software) Germany 2020.

Gavounelis NA, Gogola CC, Halazonetis DJ. The effect of scanning strategy on
Intraoral scanner’s accuracy. Dent J (Basel). 2022;10(7):123.

Goujat A, Abouelleil H, Colon P, Jeannin C, Pradelle N, Seux D, Grosgogeat B.
Marginal and internal fit of CAD-CAM inlay/onlay restorations: a systematic
review of in vitro studies. J Prosthet Dent. 2019;121(4):590-e597593.
Posritong S, Borges AL, Chu TM, Eckert GJ, Bottino MA, Bottino MC. The
impact of hydrofluoric acid etching followed by unfilled resin on the biaxial
strength of a glass-ceramic. Dent Mater. 2013;29(11):e281-290.

Nawafleh N, Hatamleh M, Elshiyab S, Mack F. Lithium disilicate restora-

tions fatigue testing parameters: a systematic review. J Prosthodont.
2016;25(2):116-26.

Mergulhao VA, de Mendonca LS, de Albuquerque MS, Braz R. Fracture resis-
tance of endodontically treated maxillary premolars restored with different
methods. Oper Dent. 2019;44(1):E1-11.

Aboushelib MN. Long term fatigue behavior of Zirconia Based Dental ceram-
ics. Materials. 2010;3(5):2975-85.

Shams A, Sakrana AA, Abo El-Farag SA, Ozcan M. Assessment of Biomechani-
cal Behavior of Endodontically treated Premolar Teeth restored with Novel
Endocrown System. Eur J Prosthodont Restor Dent. 2022;30(1):20-35.

Burke FJ. Fracture resistance of teeth restored with dentin-bonded crowns
constructed in a leucite-reinforced ceramic. Dent Mater. 1999;15(5):359-62.
Yucel MT, Yondem |, Aykent F, Eraslan O. Influence of the supporting die
structures on the fracture strength of all-ceramic materials. Clin Oral Investig.
2012;16(4):1105-10.

Phark JH, Duarte S Jr. Microstructural considerations for novel lithium disili-
cate glass ceramics: a review. J Esthetic Restor Dentistry: Official Publication
Am Acad Esthetic Dentistry [et al]. 2022;34(1):92-103.

Denry |, Kelly JR. Emerging ceramic-based materials for dentistry. J Dent Res.
2014;93(12):1235-42.

Apel E, van't Hoen C, Rheinberger V, Holand W. Influence of ZrO2 on the
crystallization and properties of lithium disilicate glass-ceramics derived from
a multi-component system. J Eur Ceram. 2007;27(2-3):1571-7.

Yang H,Wu S, Hu J, Wang Z, Wang R, He H. Influence of nano-ZrO2 additive
on the bending strength and fracture toughness of fluoro-silicic mica glass—
ceramics. Mater Des. 2011;32(3):1590-3.

Kasem AT, Sakrana AA, Ellayeh M, Ozcan M. Evaluation of zirconia and
zirconia-reinforced glass ceramic systems fabricated for minimal invasive
preparations using a novel standardization method. J Esthetic Restor Den-
tistry. 2020;32(6):560-8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Fracture resistance and fractographic analysis of pressable glass-ceramics with different partial coverage designs for maxillary premolars
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Teeth selection and preparation
	﻿Duplication of the prepared teeth
	﻿Grouping
	﻿Optical impression of the epoxy resin dies and designing of wax
	﻿Fabrication of the ceramic vonlays and overlays
	﻿Thermo-mechanical fatigue and fracture resistance test
	﻿Fractographic analysis
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


