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Abstract: Under some clinical conditions, the preparation of crowns of limited marginal thickness is
inevitable. In such situations, it is questionable whether the same ideal preparation criteria can be
applied equally. Since there are only a small number of studies focusing on the fracture resistance
with respect to the marginal thickness, there is a need for a study evaluating whether zirconia crowns
of limited marginal thickness are clinically acceptable. The purpose of this study is to evaluate the
fracture resistance of monolithic zirconia crowns of limited marginal thickness in the posterior area.
Methods: Abutments and CAD/CAM zirconia crowns with a marginal thickness of 1.0 mm were set
as the control group, while experimental groups A, B, and C possessed reduced marginal thicknesses
of 0.8 mm, 0.6 mm, and 0.4 mm, respectively (n = 10 per group). Resin-based abutment dies and
monolithic zirconia crowns were fabricated using the CAD/CAM technique, and a universal testing
machine was used to measure the fracture load value. Fractured specimens were examined with a
scanning electron microscope. The data were analyzed using a one-way ANOVA and Bonferroni
post hoc test (p < 0.05). Results: The means and standard deviations of the fracture load values
of the control group and the three experimental groups were as follows: control group (1.0 mm):
3090.91 ± 527.77 N; group A (0.8 mm): 2645.39 ± 329.21 N; group B (0.6 mm): 2256.85 ± 454.15 N;
group C (0.4 mm): 1957.8 ± 522.14 N. Conclusions: The crowns fabricated with a CAD/CAM zirconia
block with limited marginal thicknesses of 0.6 mm and 0.4 mm showed significantly lower fracture
resistance values compared to those with the recommended margin thickness of 1.0 mm.

Keywords: marginal thickness; marginal width; monolithic zirconia; fracture resistance

1. Introduction

With patients’ recent increase in interest in esthetics, the use of zirconia, a high-strength
ceramic with superior esthetics to dental alloys, is increasing, not only in the anterior
region but also in the posterior region [1]. Zirconia is a bioinert ceramic material with
mechanical properties close to those of metal, and is receiving great attention as an esthetic
prosthetic material in dentistry along with the development of computer-aided design
and computer-aided manufacturing (CAD/CAM) technology. It has been reported that
monolithic zirconia crowns exhibit fracture resistance that can withstand occlusal loading,
even with a limited thickness, when compared to conventional ceramic materials [2–4]. By
using computerized techniques, the fabrication of monolithic zirconia requires minimal
laboratory procedures that use hand instruments. It can also be produced at lower cost
and in a shorter manufacturing time, while still achieving greater fracture resistance and
a clinically acceptable marginal fit compared to conventional fabrication techniques [5].
When an ideal tooth preparation that meets the necessary standards is achieved, and
when the prosthesis is manufactured using standardized zirconia blocks with standardized
protocols, the fracture rate is very low. With the increasing use of CAD/CAM zirconia
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systems, many studies have been conducted on prostheses made of zirconia [6,7]. Sulaiman
et al. [8] reported the fracture rate of monolithic zirconia crowns after 7.5 years of clinical
service, and the fracture rate of a single monolithic zirconia crown was 0.54%, which was
significantly lower than those of layered zirconia crowns and lithium disilicate crowns,
which were 2.83% and 1.26%, respectively. Baixauli-López and Mar et al. [9] reported
a 98% survival rate for monolithic zirconia crowns in a 5-year prospective study. The
authors pointed out that the thickness of the ceramic material might be related to the
fracture. Additionally, the fit and accuracy of the margin were evaluated as being some
of the important factors affecting the clinical survival rate of a prosthesis [10]. The design
and width of the margin vary, including the use of knife edge, chamfer, shoulder, rounded
shoulder, and beveled margins, and the amount of reduction also varies depending on
the position of the tooth, its morphology, and the material selected for the final prosthesis.
In general, in the case of zirconia crowns, 1-mm-deep chamfer or shoulder margins, a
1.0–1.5 mm axial wall reduction, and a 1.5 mm occlusal reduction is recommended in the
posterior area [11,12].

However, in clinical situations, there are some cases in which it is difficult to secure
a field of view of the posterior area, such as for patients with temporomandibular joint
disorder or with a reduced vertical dimension and reduced maximum mouth opening. For
such patients, it is difficult to prepare the abutment according to the clinical guidelines,
and the amount of preparation on the occlusal or axial surface is limited, resulting in a
situation in which the prosthesis is fabricated with a thinner margin than that specified
by the manufacturer’s recommendations. According to a study investigating the occlusal
convergence, abutment height, and margin design of an abutment for a single crown,
an ideal abutment preparation was used in only 4.3% of the total cases. In addition, a
clear margin around the entire crown within a single tooth was formed in only 7.5% of
cases, and the amount of displacement was higher in the posterior area compared to the
anterior region [13]. Other studies investigating the amount of tooth preparation required
for posterior crowns in actual clinical practice have confirmed that preparations with thin
marginal thicknesses are used in most posterior cases, and the average marginal thickness
in the posterior region varies from 0.64 mm to 0.91 mm [14–17]. Therefore, there is a need
for a study to determine whether the same criteria can be applied for clinical situations in
which the marginal thickness of the restoration is limited. Previously, many studies have
reported on the fracture resistance with respect to the axial taper, abutment height [18,19],
margin design [20,21], amount of occlusal reduction, and crown thickness [22], but there
are only a small number of studies focusing on the fracture resistance with respect to
the marginal thickness. Juntavee et al. [23] reported the fracture strength of monolithic
zirconia crowns with respect to the margin thickness, while controlling other variable
factors, and compared an 0.8 mm light chamfer margin with a 1.2 mm heavy chamfer
margin on a cylinder-shaped die abutment. The results showed a higher fracture load value
of 4376 ± 1043 N on the 1.2 mm margin compared to the 0.8 mm margin, which had a value
of 3211 ± 778 N. However, as mentioned above, preparations with marginal thicknesses of
less than 0.8 mm do occur in clinical situations, and it is questionable whether the same
ideal preparation criteria can be applied equally.

Therefore, the purpose of this study is to evaluate the fracture resistance of a zir-
conia crown with a limited marginal thickness by selecting an experimental group with
a marginal thickness of less than 1 mm in a single posterior monolithic zirconia crown
manufactured using the CAD/CAM system. The null hypothesis of this study was set as
follows: ‘There is no significant difference in fracture resistance according to the thickness
of the crown margin’.

2. Materials and Methods
2.1. Abutment Die Preparation

A prepared maxillary dentiform (CEREC AC Model, Dentsply Sirona, Charlotte, NC,
USA) was used for die fabrication. A maxillary left first molar (#26) prepared with a chamfer
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margin with a width of 1 mm was scanned with an intra-oral scanner (CEREC Primescan,
Dentsply Sirona, Charlotte, NC, USA). After obtaining a marginal thickness of 1.0 mm as a
control group, experimental groups with margins of 0.8 mm (group A), 0.6 mm (group B)
and 0.4 mm (group C) were obtained by using the CEREC design software (Inlab, Dentsply
Sirona, Charlotte, NC, USA). The abutment die models were printed with a resin-based
printing material (Structomer DentaPro, Structo 3D, MacPherson Rd, Singapore) using a
3D printer (Dentaform, Structo 3D, MacPherson Rd, Singapore). A total of 40 abutment
dies (10 for each group) were fabricated in the form of maxillary first molars; the bottoms
of the dies were of the same size, measuring 9 mm in height, 12 mm in width, and 18 mm
in length, in accordance with the size of the jig being used in the fracture load test. The
design of the abutment die and crown is shown in Figure 1, and the mechanical properties
of the materials used to fabricate the abutment die are shown in Table 1.
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Figure 1. Design of the abutment die and zirconia crown: (a) schematic diagram of the abutment die
and crown (mesial aspect); (b) zirconia crown design.

Table 1. Mechanical properties of the resin die material.

Mechanical Property Value

Tensile modulus [MPa] 492–583
Maximum tensile strength [MPa] 26–34

Elongation at break [%] 5–6
Flexural modulus [MPa] 173–191
Flexural strength [MPa] 21–33

Shore D hardness 77–85
Viscosity [Pas] 0.7–0.8

2.2. Crown Design

The crowns were designed by a single professional CEREC laboratory technician
based on an anatomical crown registered in the design software library. The crown was
designed to have an occlusal thickness of 1.5 mm, a buccal/lingual thickness of 1.4 mm,
and a cement space of 50 µm for all specimens. All conditions other than the marginal
thickness were kept the same.

2.3. Crown Fabrication

The zirconia crowns were fabricated using a milling machine (CEREC MC XL, Dentsply
Sirona, Charlotte, NC, USA) using a monolithic zirconia block (RAZOR 1100 A3, UNC
Int., Seoul, Korea) with parameters as follows: die spacer = 50 µm; proximal contact
strength = 25 µm; occlusal contact strength = 25 µm; radial minimum thickness = 50 µm;
occlusal minimum thickness adjusted to 1000 µm. The crowns were finished and glazed
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using a sintering furnace (S-600, Add-in, Gyeonggi-do, Korea) and firing at 1530 ◦C to
room temperature for at least 8 h, in accordance with the manufacturer’s instructions. The
sprues were located at least 2 mm apart from the crown margin for marginal accuracy. The
marginal thickness of the crown was measured with a metal gauge (4981 M, MEDESY,
Maniago, Italy). The chemical composition and mechanical properties of the CAD/CAM
zirconia block used in this study are presented in Tables 2 and 3.

Table 2. Chemical composition of the zirconia block.

Material Value [Wt. %] Test Method

ZrO2 88–90

ICP

Y2O3 7.0–8.0
SiO2 ≤0.01

Fe2O3 ≤0.001
CaO ≤0.007

Na2O ≤0.004

Table 3. Mechanical properties of the zirconia block.

Mechanical Property Value Test Method

Bending strength 1100 ± 50 [Mpa] 3-point-bending ISO 6872
Sintered density ≥6.04 [g/cm3] Archimedes’ method

Transparency ≥46 [%] Spectrophotometer
Thermal expansion coefficient 10.5 × 10−6 [K−1] ASTM test method E 289

2.4. Cementation of Specimens

The crowns were washed and rinsed with ethanol according to the manufacturer’s
instructions, and the inner surface of the crown received no additional treatment. Resin-
modified glass ionomer cement (Rely X Luting 2, 3M ESPE Dental products, St. Paul, MN,
USA) was used to bond the crowns to the abutment dies with finger pressure. Each surface
was tack-cured for 5 s, and excessive cement was removed after 2 min in accordance with
the manufacturer’s protocol. Bonded die–crown specimens were stored in a water bath
(water bath model 9406, Metroden, Seoul, Korea) with distilled water at 37 ◦C for 24 h
before mechanical testing (Figure 2a).
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to-failure test using a universal testing machine (Instron 3366, Instron Corporation, Norwood, MA,
USA) with a crosshead speed of 1.0 mm/min and a 0.64 mm-thick polyethylene sheet (GS025, 3A
MEDES, Gyeonggi-do, Korea) placed between the indenter and the specimen.
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2.5. Fracture Load Test

A universal testing machine (Instron 3366, Instron Corporation, Norwood, MA, USA)
was used to measure the fracture load values. A spherical stainless-steel indenter with a
diameter of 8 mm was placed on the central fossa of the occlusal surface, and a 0.64-mm-
thick polyethylene sheet (GS025, 3A MEDES, Gyeonggi-do, Korea) was placed between the
indenter and the specimen. A compressive load was applied in the vertical direction to the
occlusal surface with a crosshead speed of 1.0 mm/min until fracture, and the fracture load
value (N) was recorded (Figure 2b).

2.6. Evaluation of Fractured Specimen

After the fracture load test, specimens that showed a load value close to the average
were selected and used for microscopic evaluation. The selected specimens were coated
and vacuumed for observation. The cross-sections and patterns of the fractured fragments
of each experimental group were analyzed using a scanning electron microscope (SEM
JEOL-7800F, JEOL Ltd., Tokyo, Japan).

2.7. Statistical Analysis

The average and standard deviations of the fracture load values were calculated using
the R Project software (R Foundation for Statistical Computing, Vienna, Austria), and one-
way ANOVA was performed to evaluate the differences between the experimental groups.
As a post hoc test, the Bonferroni test was performed, and the statistical significance was
set to 0.05.

3. Results
3.1. Fracture Load Value

The means and standard deviations of the fracture load values of the control group and
the three experimental groups were as follows: control group (1.0 mm): 3090.91 ± 527.77 N;
group A (0.8 mm): 2645.39 ± 329.21 N; group B (0.6 mm): 2256.85 ± 454.15 N; group C
(0.4 mm): 1957.8 ± 522.14 N. The average and standard deviations of the fracture load
values of the control group and the experimental groups are shown in Table 4. It can be seen
that the control group showed the highest fracture resistance, and the fracture resistance of
the experimental groups decreased with decreasing marginal thickness.

Table 4. Results of the fracture strength test.

Fracture Strength [N] Control Group
(1.0 mm)

Group A
(0.8 mm)

Group B
(0.6 mm)

Group C
(0.4 mm)

Mean 3090.91 2645.39 2256.85 1957.8

Standard deviation 527.77 329.21 454.15 522.14

The normality was verified using the Shapiro–Wilk test and a one-way ANOVA test.
The Shapiro–Wilk test statistic value was 0.9697 and the p-value was 0.3522. Therefore,
the fracture resistance values satisfied normality, because the fracture resistance values
adopted the null hypothesis of the Shapiro–Wilk test. On the basis of the one-way ANOVA
using the fracture load test data, there was a significant difference in fracture resistance
depending on the marginal thickness of the monolithic zirconia crown. Bonferroni’s post
hoc test was used to determine the mean difference in fracture resistance between the
experimental groups on the basis of statistical significance. The results of Bonferroni’s
post hoc test indicated that the difference between the mean value of the control group
and group A was 445.62 N, which was not statistically significant. However, the mean
difference in the value between the control group and group B was 834.06 N, and between
the control group and group C it was 1133.11 N, which showed statistical significance.
Among the experimental groups, the average difference between group A and group C was
687.59 N, which also showed statistical significance. Therefore, it was confirmed that the
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control group had higher fracture resistance than group B and group C. Even though group
A showed a lower fracture resistance compared to the control group, the result was not
statistically significant according to Bonferroni’s post hoc test. The results of the Bonferroni
post hoc test are presented in Table 5.

Table 5. Bonferroni post hoc test.

Groups Mean
Difference [N] p-Value Lower

Control Limit
Upper

Control Limit

Control–Group A 445.52 0.2346 −135.386 1026.426
Control–Group B 834.06 * 0.0018 253.154 1414.966
Control–Group C 1133.11 * <0.001 552.204 1714.016
Group A–Group B 388.54 0.4200 −192.366 969.446
Group A–Group C 687.59 * 0.0130 106.684 1268.496
Group B–Group C 299.05 0.9556 −281.856 879.956

* Statistically significant differences (p < 0.05).

3.2. SEM Analysis

As a result of the fragment analysis, in most of the samples the origin of the fracture
was found on the occlusal side, which was in contact with the indenter, while the fragments
of the zirconia crown were completely separated, showing a bulk fracture. As a result
of the SEM analysis, the fractured specimens showed multiple crack propagations, arrest
lines, and twisted hackle lines. The origin of the crack was located on the occlusal surfaces,
mostly on the contact point of the loading surface. Multiple stopped crack propagation
was observed in groups A and C. Twist hackle lines were peculiarly observed in the control
group, and stopped crack propagation lines were distinct in groups A and C. No voids
were found at the bonding interface between the abutment die and the crown, indicating
that close contact and a proper internal fit had been obtained. The SEM images are shown
in Figure 3.
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4. Discussion

The purpose of this study was to compare the fracture resistance of a monolithic
zirconia crown in the posterior region as a function of the marginal thickness. As a result
of the experiment performed in this study, it was confirmed that the fracture resistance
decreases gradually with the decreasing thickness of the margin. Setting the clinical
guideline with a margin thickness of 1 mm as a control group, a decrease in fracture
resistance of approximately 300~400 N was observed, with a decrease in the thickness
of the margin by 0.2 mm. Although the p-value between the control group and group A
was 0.23, which showed low statistical significance, the decreases in fracture resistance
between the control group and group B and between the control group and group C
were statistically significant (p-values of 0.0018 and <0.001, respectively). In this study,
the maximum load values at the time of crown fracture were compared. The fracture
load values of all experimental groups were, on average, 1900 N or higher. All specimens
showed higher strength than the average occlusal force of the physiological posterior region
reported in the literature, at approximately 700 N [24], with a maximum occlusal force of
1000 N [25].

There have been several studies focusing on the method of fracture load testing of the
crown [26,27]. In the present study, as a traditional single-fracture load test, compressive
strength was applied to the zirconia crown to measure the load value at fracture. The
purpose of the compressive strength test is to measure the resistance of a material to
compressive force, and there may be problems such as bending of the specimen during the
compression process, resulting in a lower strength being measured than the actual strength.
Studies on the fracture resistance of zirconia prostheses have been conducted in various
forms, but the experimental results have been inconsistent, with the fracture load values
varying among the experiments. Tinschert et al. [28] reported that the fracture resistance
of three-unit FPD zirconia was higher than 2000 N, while Sundh et al. [29] reported that
the fracture load of zirconia was between 2700 N and 4100 N. The mechanical properties
of the abutment die used in the experiment might also affect the fracture load values
of monolithic zirconia crowns. In previous studies, the fracture load test protocols for
single ceramic restorations have applied various die fabrication methods [30–32]. The
abutment dies made of natural teeth have an advantage in that they can reproduce a
situation similar to the intra-oral condition, but also suffer from the limitation that it is
difficult to standardize the specimens between experimental groups. In comparison, metal
and resin composite dies have been used as alternatives that can be easily controlled
and standardized. Jian et al. [33] reported that the fracture resistance of zirconia crowns
cemented to resin dies showed lower fracture load values compared to those of crowns
cemented to natural dentin and porous titanium. The resin-based abutment dies used in
this study were fabricated using the CAD/CAM technique in order to achieve accurate
and equal values for the occlusal reduction and convergence angle, with only the marginal
thickness varying. However, the resin-based abutment die, which exhibits a lower elastic
modulus than that of natural teeth [34], might be the reason for which the fracture load
value of the control group indicating a similar, but lower, fracture resistance compared to
previous studies employing similar experimental conditions [23]. Since the condition of
the specimens and the measuring method were not standardized in several studies, many
studies have made efforts to overcome such limitations. However, despite these efforts,
a standardized protocol that is able to reproduce the oral conditions in clinical situations
is still lacking. Therefore, there are limitations when predicting the physical properties
and clinical prognosis on the basis of a fracture load test alone, since many other factors,
including the fracture toughness and flexural strength, are also major factors affecting the
durability of a prosthesis [35].

Although the ideal preparation of crowns is important for the long-term prognosis
of the restoration, it may be difficult to perform preparations that satisfy all requirements
in actual clinical practice. According to a study investigating the occlusal convergence,
abutment height, and margin design in abutments for single crowns, an ideal abutment
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preparation was performed in only 4.3% of the total cases, and the amount of displacement
was higher in the posterior area than in the anterior region. In addition, a clear margin
around the entire crown within a single tooth was formed only in 7.5% of cases [13].
According to studies investigating the tooth preparations for posterior crowns in actual
clinical practice performed by dentists and dental students, it was confirmed that an
insufficient marginal thickness was shown in most posterior cases, while the average
marginal thicknesses of the posterior region varied from 0.64 mm to 0.91 mm [14–17]. In
the present study, a decrease in fracture resistance was also observed in group A compared
to the control group, but there was no statistical significance. Considering the statistically
significant differences observed in groups B and C with the control group, and considering
that preparations with marginal thicknesses less than 0.8 mm do occur in clinical situations,
as mentioned above, it seems that special caution should be applied when the marginal
thickness is to be set to 0.8 mm or less.

It is well known that the marginal accuracy is one of the key factors affecting the
long-term prognosis of a prosthesis [36]. The same applies to all kinds of restorations,
including implant prostheses [37]. In a similar sense, the quality and accuracy of the
margin can also influence the fit and accuracy of the provisional restorations, which might
consequently effect the prognosis of the final prosthesis. Especially in natural teeth with
vitality, the misfit of the provisional restoration can cause pulpal irritation or pulpitis due to
bacterial infiltration, which reduces the longevity of the restoration overall [38]. Provisional
restorative materials, which show relatively lower fracture resistance compared to the
final prosthetic materials, might cause cracks or microfractures while in operation, and the
possibility of microleakage will increase with the decreasing thickness of the provisional
restorative material.

In this study, the fracture resistance of the monolithic zirconia crowns was measured
without considering the loading direction or fatigue. The mechanical test was simply
conducted after storing the specimens in 37 ◦C distilled water for 24 h, without mechanical
cyclic loading or thermal cycling, and the loading force was applied only in the vertical
direction [39]. By using an abutment die form of a single crown, antagonistic and adjacent
teeth conditions were excluded. Therefore, the results of this study only provide limited
information on the initial performances of the zirconia crowns under experimental con-
ditions. The results might differ when applied to full-mouth rehabilitation or in implant
prostheses in accordance with clinical variations [40].

Thus, in further studies, clinical trials conducted with respect to tooth locations,
antagonist and adjacent teeth conditions, and masticatory patterns are needed with a large
sample size and long-term assessments.

5. Conclusions

The fracture resistance of zirconia crowns with thin marginal thicknesses exhibited
lower fracture load values compared to the control group. As expected, the control group
exhibited the highest fracture load value of 3090.91 ± 527.77 N. The results showed a
gradual decrease in fracture load value with decreasing marginal thickness. Even though
the decrease in fracture resistance was not statistically significant up to 0.8 mm, the results
showed statistical significance when the marginal width was set below 0.8 mm. Therefore,
within the limitations of the study, caution must be taken when employing a thin marginal
thickness, especially in clinical situations where the marginal thickness must necessarily
be set below 0.8 mm. When preparing abutments for zirconia crowns, an ideal marginal
preparation must be used, in accordance with the basic principles. Especially in the
posterior area, where the occlusal force is much stronger than in anterior region, caution
must be taken when employing thin marginal thicknesses. There are limitations in applying
the current findings directly to clinical settings. Thus, in further studies, experimental
settings reproducing situations similar to the intra-oral conditions are needed, with larger
sample sizes.



Materials 2022, 15, 4861 9 of 10

Author Contributions: Conceptualization, E.-J.P.; methodology, S.-Y.C.; software, S.-H.K. and M.-Y.Y.;
validation, E.-J.P. and S.-Y.C.; formal analysis, S.-H.K. and M.-Y.Y.; investigation, E.-J.P. and S.-Y.C.;
resources, S.-H.K. and M.-Y.Y.; data curation, S.-H.K. and M.-Y.Y.; writing—original draft preparation,
S.-H.K.; writing—review and editing, E.-J.P.; visualization, S.-H.K. and M.-Y.Y.; supervision, E.-J.P.;
project administration, E.-J.P.; funding acquisition, E.-J.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the National Research Foundation of Korea (NRF) grant
funded by the Korean government (MSIT) (No. 2022R1F1A1063382).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Suárez, M.J.; Lozano, J.F.; Salido, M.P.; Martínez, F. Three-year clinical evaluation of In-Ceram Zirconia posterior FPDs. Int. J.

Prosthodont. 2004, 17, 35–38. [PubMed]
2. Griggs, J.A. Recent advances in materials for all-ceramic restorations. Dent. Clin. N. Am. 2007, 51, 713–727. [CrossRef]
3. Raigrodski, A.J.; Hillstead, M.B.; Meng, G.K.; Chung, K.-H. Survival and complications of zirconia-based fixed dental prostheses:

A systematic review. J. Prosthet. Dent. 2012, 107, 170–177. [CrossRef]
4. Ioannidis, A.; Bindl, A. Clinical prospective evaluation of zirconia-based three-unit posterior fixed dental prostheses: Up-to

ten-year results. J. Dent. 2016, 47, 80–85. [CrossRef] [PubMed]
5. Papadiochou, S.; Pissiotis, A.L. Marginal adaptation and CAD-CAM technology: A systematic review of restorative material and

fabrication techniques. J. Prosthet. Dent. 2018, 119, 545–551. [CrossRef]
6. Sorrentino, R.; Triulzio, C.; Tricarico, M.G.; Bonadeo, G.; Gherlone, E.F.; Ferrari, M. In vitro analysis of the fracture resistance of

CAD–CAM monolithic zirconia molar crowns with different occlusal thickness. J. Mech. Behav. Biomed. Mater. 2016, 61, 328–333.
[CrossRef]

7. Dapieve, K.S.; Silvestri, T.; Rippe, M.P.; Pereira, G.K.R.; Valandro, L.F. Mechanical performance of Y-TZP monolithic ceramic after
grinding and aging: Survival estimates and fatigue strength. J. Mech. Behav. Biomed. Mater. 2018, 87, 288–295. [CrossRef]

8. Sulaiman, T.A.; Abdulmajeed, A.A.; Delgado, A.; Donovan, T.E. Fracture rate of 188695 lithium disilicate and zirconia ceramic
restorations after up to 7.5 years of clinical service: A dental laboratory survey. J. Prosthet. Dent. 2020, 123, 807–810. [CrossRef]

9. Baixauli-López, M.; Roig-Vanaclocha, A.; Amengual-Lorenzo, J.; Agustín-Panadero, R. Prospective study of monolithic zirconia
crowns: Clinical behavior and survival rate at a 5-year follow-up. J. Prosthodont. Res. 2021, 65, 284–290.

10. Sailer, I.; Pjetursson, B.E.; Zwahlen, M.; Hämmerle, C.H. A systematic review of the survival and complication rates of all-ceramic
and metal–ceramic reconstructions after an observation period of at least 3 years. Part II: Fixed dental prostheses. Clin. Oral
Implant. Res. 2007, 18, 86–96. [CrossRef]

11. Goodacre, C.J.; Campagni, W.V.; Aquilino, S.A. Tooth preparations for complete crowns: An art form based on scientific principles.
J. Prosthet. Dent. 2001, 85, 363–376. [CrossRef]

12. Manicone, P.F.; Iommetti, P.R.; Raffaelli, L. An overview of zirconia ceramics: Basic properties and clinical applications. J. Dent.
2007, 35, 819–826. [CrossRef] [PubMed]

13. Winkelmeyer, C.; Wolfart, S.; Marotti, J. Analysis of tooth preparations for zirconia-based crowns and fixed dental prostheses
using stereolithography data sets. J. Prosthet. Dent. 2016, 116, 783–789. [CrossRef] [PubMed]

14. Poon, B.K.; Smales, R.J. Assessment of clinical preparations for single gold and ceramometal crowns. Quintessence Int. 2001,
32, 603–610. [PubMed]

15. Al-Omari, W.M.; Al-Wahadni, A.M. Convergence angle, occlusal reduction, and finish line depth of full-crown preparations made
by dental students. Quintessence Int. 2004, 35, 287–293.

16. Tiu, J.; Lin, T.; Al-Amleh, B.; Waddell, J.N. Convergence angles and margin widths of tooth preparations by New Zealand dental
students. J. Prosthet. Dent. 2016, 116, 74–79. [CrossRef]

17. Tiu, J.; Al-Amleh, B.; Waddell, J.N.; Duncan, W.J. Reporting numeric values of complete crowns. Part 1: Clinical preparation
parameters. J. Prosthet. Dent. 2015, 114, 67–74. [CrossRef]

18. Mitov, G.; Anastassova-Yoshida, Y.; Nothdurft, F.P.; Von See, C.; Pospiech, P. Influence of the preparation design and artificial
aging on the fracture resistance of monolithic zirconia crowns. J. Adv. Prosthodont. 2016, 8, 30–36. [CrossRef]

19. Abdulazeez, M.I.; Majeed, M.A. Fracture strength of monolithic zirconia crowns with modified vertical preparation: A compara-
tive in vitro study. Eur. J. Dent. 2022, 16, 209–214. [CrossRef]

20. Haddad, C.; Azzi, K. Influence of the Type and Thickness of Cervical Margins on the Strength of Posterior Monolithic Zirconia
Crowns: A Review. Eur. J. Gen. Dent. 2022. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15008230
http://doi.org/10.1016/j.cden.2007.04.006
http://doi.org/10.1016/S0022-3913(12)60051-1
http://doi.org/10.1016/j.jdent.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/26844399
http://doi.org/10.1016/j.prosdent.2017.07.001
http://doi.org/10.1016/j.jmbbm.2016.04.014
http://doi.org/10.1016/j.jmbbm.2018.07.041
http://doi.org/10.1016/j.prosdent.2019.06.011
http://doi.org/10.1111/j.1600-0501.2007.01468.x
http://doi.org/10.1067/mpr.2001.114685
http://doi.org/10.1016/j.jdent.2007.07.008
http://www.ncbi.nlm.nih.gov/pubmed/17825465
http://doi.org/10.1016/j.prosdent.2016.03.019
http://www.ncbi.nlm.nih.gov/pubmed/27236595
http://www.ncbi.nlm.nih.gov/pubmed/11526888
http://doi.org/10.1016/j.prosdent.2016.01.003
http://doi.org/10.1016/j.prosdent.2015.01.006
http://doi.org/10.4047/jap.2016.8.1.30
http://doi.org/10.1055/s-0041-1735427
http://doi.org/10.1055/s-0042-1744207


Materials 2022, 15, 4861 10 of 10

21. Alzahrani, A.M.; Beyari, A.M.; Emam, Z.N. The influence of the cervical finish line designs on the fracture resistance of CAD/CAM
monolithic zirconia crowns: An in vitro study. Int. J. Health Sci. Res. 2018, 8, 101–110.

22. Shahmoradi, M.; Wan, B.; Zhang, Z.; Wilson, T.; Swain, M.; Li, Q. Monolithic crowns fracture analysis: The effect of material
properties, cusp angle and crown thickness. Dent. Mater. 2020, 36, 1038–1051. [CrossRef] [PubMed]

23. Juntavee, N.; Kornrum, S. Effect of marginal designs on fracture strength of high translucency monolithic zirconia crowns. Int. J.
Dent. 2020, 2020, 8875609. [CrossRef] [PubMed]

24. Ferrario, V.F.; Sforza, C.; Zanotti, G.; Tartaglia, G.M. Maximal bite forces in healthy young adults as predicted by surface
electromyography. J. Dent. 2004, 32, 451–457. [CrossRef]

25. Varga, S.; Spalj, S.; Lapter Varga, M.; Anic Milosevic, S.; Mestrovic, S.; Slaj, M. Maximum voluntary molar bite force in subjects
with normal occlusion. Eur. J. Orthod. 2011, 33, 427–433. [CrossRef]

26. Yilmaz, H.; Aydin, C.; Gul, B.E. Flexural strength and fracture toughness of dental core ceramics. J. Prosthet. Dent. 2007,
98, 120–128. [CrossRef]

27. Kato, H.; Matsumura, H.; Tanaka, T.; Atsuta, M. Bond strength and durability of porcelain bonding systems. J. Prosthet. Dent.
1996, 75, 163–168. [CrossRef]

28. Tinschert, J.; Natt, G.; Mautsch, W.; Augthun, M.; Spiekermann, H. Fracture Resistance of Lithium Disilicate-, Alumina-, and
Zirconia-Based Three-Unit Fixed Partial Dentures: A Laboratory Study. Int. J. Prosthodont. 2001, 14, 231–238.

29. Sundh, A.; Molin, M.; Sjögren, G. Fracture resistance of yttrium oxide partially-stabilized zirconia all-ceramic bridges after
veneering and mechanical fatigue testing. Dent. Mater. 2005, 21, 476–482. [CrossRef]

30. Schultheis, S.; Strub, J.R.; Gerds, T.A.; Guess, P.C. Monolithic and bi-layer CAD/CAM lithium–disilicate versus metal–ceramic
fixed dental prostheses: Comparison of fracture loads and failure modes after fatigue. Clin. Oral Investig. 2013, 17, 1407–1413.
[CrossRef]

31. Choi, Y.-S.; Kim, S.-H.; Lee, J.-B.; Han, J.-S.; Yeo, I.-S. In vitro evaluation of fracture strength of zirconia restoration veneered with
various ceramic materials. J. Adv. Prosthodont. 2012, 4, 162–169. [CrossRef] [PubMed]

32. Coelho, P.; Bonfante, E.; Silva, N.; Rekow, E.; Thompson, V. Laboratory simulation of Y-TZP all-ceramic crown clinical failures.
J. Dent. Res. 2009, 88, 382–386. [CrossRef] [PubMed]

33. Jian, Y.; Zhang, T.; Wang, X.; Kyaw, L.; Pow, E.H.N.; Zhao, K. Effect of supporting dies’ mechanical properties on fracture behavior
of monolithic zirconia molar crowns. Dent. Mater. J. 2022, 41, 249–255. [CrossRef]

34. Stanford, J.W.; Paffenbarger, G.; Kumpula, J.W.; Sweeney, W. Determination of some compressive properties of human enamel
and dentin. J. Am. Dent. Assoc. 1958, 57, 487–495. [CrossRef] [PubMed]

35. Rosentritt, M.; Plein, T.; Kolbeck, C.; Behr, M.; Handel, G. In vitro fracture force and marginal adaptation of ceramic crowns fixed
on natural and artificial teeth. Int. J. Prosthodont. 2000, 13, 387–391. [PubMed]

36. Aboushelib, M.N.; Elmahy, W.A.; Ghazy, M.H. Internal adaptation, marginal accuracy and microleakage of a pressable versus a
machinable ceramic laminate veneers. J. Dent. 2012, 40, 670–677. [CrossRef]

37. Gherlone, E.F.; Capparé, P.; Pasciuta, R.; Grusovin, M.G.; Mancini, N.; Burioni, R. Evaluation of resistance against bacterial
microleakage of a new conical implant-abutment connection versus conventional connections: An in vitro study. New Microbiol.
2016, 39, 49–56.

38. Tetè, G.; Sacchi, L.; Camerano, C.; Nagni, M.; Capelli, O.; La Rocca, G.; Polizzi, E. Management of the delicate phase of the
temporary crown: An in vitro study. J. Biol. Regul. Homeost. Agents 2020, 34 (Suppl. S3), 67–78.

39. Aboushelib, M.N.; Feilzer, A.J.; Kleverlaan, C.J. Bridging the gap between clinical failure and laboratory fracture strength tests
using a fractographic approach. Dent. Mater. 2009, 25, 383–391. [CrossRef]

40. Cappare, P.; Ferrini, F.; Mariani, G.; Nagni, M.; Cattoni, F. Implant rehabilitation of edentulous jaws with predominantly
monolithic zirconia compared to metal-acrylic prostheses: A 2-year retrospective clinical study. J. Biol. Regul. Homeost. Agents
2021, 35 (Suppl. S1), 99–112.

http://doi.org/10.1016/j.dental.2020.04.022
http://www.ncbi.nlm.nih.gov/pubmed/32534794
http://doi.org/10.1155/2020/8875609
http://www.ncbi.nlm.nih.gov/pubmed/32831840
http://doi.org/10.1016/j.jdent.2004.02.009
http://doi.org/10.1093/ejo/cjq097
http://doi.org/10.1016/S0022-3913(07)60045-6
http://doi.org/10.1016/S0022-3913(96)90094-3
http://doi.org/10.1016/j.dental.2004.07.013
http://doi.org/10.1007/s00784-012-0830-1
http://doi.org/10.4047/jap.2012.4.3.162
http://www.ncbi.nlm.nih.gov/pubmed/22977725
http://doi.org/10.1177/0022034509333968
http://www.ncbi.nlm.nih.gov/pubmed/19407162
http://doi.org/10.4012/dmj.2021-090
http://doi.org/10.14219/jada.archive.1958.0194
http://www.ncbi.nlm.nih.gov/pubmed/13575079
http://www.ncbi.nlm.nih.gov/pubmed/11203659
http://doi.org/10.1016/j.jdent.2012.04.019
http://doi.org/10.1016/j.dental.2008.09.001

	Introduction 
	Materials and Methods 
	Abutment Die Preparation 
	Crown Design 
	Crown Fabrication 
	Cementation of Specimens 
	Fracture Load Test 
	Evaluation of Fractured Specimen 
	Statistical Analysis 

	Results 
	Fracture Load Value 
	SEM Analysis 

	Discussion 
	Conclusions 
	References

