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Objectives The aim of this study was to compare the effects of two margin designs
(shoulderless and slight chamfer) with two occlusal thicknesses on fracture resistance
and failure mode of the monolithic zirconia crowns.

Materials and Methods Forty nickel-chromium dies were duplicated from the pre-
vious two prepared teeth using a three-dimensional optical scanner. Nickel-chromium
supporting dies were divided into two main groups (n = 20) according to the type of
margin design: group A, slight chamfer margin design and group B, shoulderless mar-
gin design. These groups were further divided into two subgroups according to the
occlusal thicknesses (0.5 and 1 mm). The digital imaging of each die was done using a
three-dimensional optical scanner, then zirconia blocks were milled by 5-axis machine.
The crowns were cleaned by alcohol, air dried, and cemented by resin cement. Next,
the crowns were subjected to 500 hot and cold cycles (30 seconds for each cycle). The
samples were subjected to a static load until failure using an electronic universal test-
ing machine and fracture resistance was recorded in Newton (N).

Statistical Analysis Data were analyzed using the test of normality (Shapiro-Wilk
test) and two-way analysis of variance (ANOVA) test.

Results The highest mean fracture load was recorded by the shoulderless (1 mm
occlusal thickness) subgroup (3,992.5 N), followed by shoulderless (0.5 mm occlusal
thickness) subgroup (3,244.4 N), and the slight chamfer (1 mm occlusal thickness)
subgroup (2,811 N). The lowest mean of fracture load was recorded by slight chamfer
(0.5 mm occlusal thickness) subgroup (1,632.9 N). The two-way ANOVA test revealed
a significant difference between the four subgroups. Regarding the fracture mode, the
slight chamfer subgroups showed a severe fracture of the restoration while the shoul-
derless subgroups showed a fracture through the midline of the restoration.
Conclusion Within the limitation of the comparative study, shoulderless margin
design has a more favorable outcome than a slight chamfer design in all thicknesses.
Although the restoration with reduced occlusal thickness has lower fracture resis-
tance than 1 mm occlusal thickness, the 0.5 mm restorations still can tolerate occlusal
forces.
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Introduction

Zirconia has been used extensively in the last decades due to
higher mechanical properties.' The veneering layer was used
to enhance the esthetic of restoration due to the opaque color
of the zirconia core.?? But this, in turn, may result in failure
(adhesive or cohesive) of the veneering layer.* The monolithic
zirconia restorations can be used successfully in many clini-
cal situations by omitting the veneering porcelain layer.>

The recommendation of the margin design for high-
strength ceramic materials, such as zirconia, is not evident,
as the clinical recommendations are still based on that for
all-ceramic and metal-ceramic crowns.® The monolithic
zirconia restorations can be used successfully in clinical
situations especially in patients with limited interocclusal
distance and in patients with high occlusal loads.”® Thus, it
is possible to reduce the invasive preparation of teeth by the
use of monolithic high-strength ceramics.>!°

The fracture resistance of monolithic zirconia crown res-
torations with reduced occlusal thickness may show higher
successful clinical results than other ceramic materials due
to high-flexural strength (>1,000 MPa).?

There are few data available about the fracture resistance of
monolithic restorations with shoulderless margin designs and
different occlusal thicknesses. Thus, the aim of this study was
to compare the effects of two margin designs (shoulderless
and slight chamfer) with two occlusal thicknesses on fracture
resistance and failure mode of the monolithic zirconia crowns.

Materials and Methods

Two sound human maxillary first premolar teeth extracted
for orthodontic needs were selected with comparable size
and shape as measured with a digital caliper (POWER FIX
Profi; Owim, Neckarsulm, Germany).

To maintain standardization during preparation of sam-
ples, surveyor for dental use (Paraline; Dentaurum, Ispringen,
Germany) with a modification to grasp a turbine hand-piece
(DynalED M600LGM4; NSK, Tokyo, Japan) was used for this
purpose, thus the bur that was used to prepare the axial walls
of the tooth sample became parallel with the long axis of it, this
step was checked and confirmed by the use of a protractor to
ensure the total convergence angle of the prepared tooth. Both
prepared teeth have a 5 mm occlusocervical height with planar
occlusal reduction and this was done by using barreled-shaped
bur (811 314 037; Komet, Siege, Germany) and a line was
drawn 1 mm above the cemento-enamel junction (CEJ) with a
marker (Staedtler; Nuremberg, Germany) and this represents
the margin design. A specific criteria for each prepared tooth,
one tooth was prepared for a slight chamfer margin design
of 0.5 mm width with guide-pin round-end tapered fissure
bur (6856P 314 018; Komet, Siege, Germany) and finishing
step was done by using round-end tapered fissure bur (8856
314 016; Komet, Siege, Germany) and a total convergence of
6 degrees, the other tooth was prepared for a shoulderless mar-
gindesign with a flame shape tapered fissure bur (6862314012,
Komet, Siege, Germany) and finishing step was done by using
this type of bur (8862 314 010; Komet, Siege, Germany) and a
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total convergence of 4 degrees. Then 40 nickel-chromium dies
(realloy-N+, 190124, really e.k, Krefeld, Germany) were dupli-
cated from the previous two prepared teeth by using a three-
dimensional optical scanner (Deluxe; Open Technologies,
Rizzato BS, Italy) and then milled by using 5-axis milling
machine (D15; Yenadent, Istanbul, Turkey).

Nickel-chromium supporting dies were divided into two
main groups (n = 20) according to the type of margin design:
group A, slight chamfer margin design and group B, shoulder-
less margin design. These groups were further divided into
two subgroups according to the minimum occlusal thick-
nesses; a minimum 1 mm occlusal thickness for subgroup A1l
and B1, while a minimum 0.5 mm occlusal thickness for sub-
group A2 and B2.

Digital image to each die was done by using a three-
dimensional optical scanner (Deluxe) and milled by using a five-
axis milling machine (D15) with 80-pum spacer and a minimum
occlusal thickness of 1 mm for subgroups A1 and B1 and 0.5 mm
for subgroups A2 and B2 and the material used was zirconia
blocks (IPS e.max ZirCAD MT A2 98.514 mm; Ivoclar digital,
Liechtenstein, Germany) to make the crowns. Then the sinter-
ing of zirconia crowns was done by the use of sintering furnace
(HT-S speed; Mihm-Vogt, Stutensee-Blankenloch, Germany).

Crowns were glazed (Vita Akzent Plus Glaze LT; VITA
Zahnfabrik, Bad Sdckingen, Germany) and then furnaced
(VitaVacumat 40 T; VITA Zahnfabrik, Bad Sdckingen, Germany)
at 910°C.

Cleaning of monolithic zirconia crowns was done in 96%
ethanol alcohol for 5 minutes by the use of ultrasonic cleaner
(Digital Heated Ultrasonic Cleaner; H&B Luxuries, Zhuhai,
Guangdong, China) and then air-dried.

In this study, the cementation of each crown on its respec-
tive die was done by the use of self-adhesive resin cement
(Rely X U200; 3M ESPE, Neuss, Germany). At first, the intaglio
surface of zirconia restoration was coated with two coats of
zirconia primer (Z-PRIME plus; Bisco, IL, United States) and
air dried for 3 to 5 seconds according to the manufacturer
recommendations. Then, the intaglio surface of zirconia was
covered with injected resin cement by the use of a mixing
tip to produce an even thin layer of cement material. The
zirconia crown placed over its respective dies was secured
with a screw that was attached to a load sensor to maintain
the seating force of 50 N by using a custom made holding
device and a rubber material placed on the occlusal surface
of the crown to avoid direct contact damage and to imitate
the clinical situation. Then water storage for 1 week at 37°C.

Thermocycling to all specimens was done using a spe-
cially fabricated machine, the specimens were subjected to
temperature (5 and 55°C) for 500 cycles (every cycle consists
of 30 seconds).

The fracture test was done by using a universal testing
machine (universal testing machine; Laryee Technology, Beijing,
China), the applied test was done by using a single static load.
The load was applied in a vertical manner on the occlusal sur-
face at the central fossa of crowns at 0.5 mm/min cross-head
speed and 4 mm diameter with a round-end indenter made
from stainless steel. All zirconia crowns were loaded until fail-
ure and the readings were automatically registered in Newton.
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Table 1 The codes used to demonstrate the fracture mode®

Code | Description

| “Minimal fracture or crack in a crown”

Il “Less than half of a crown lost”

1 “Crown fracture through a midline” “(half of the crown
displaced or lost)”

I\ “More than half of a crown lost”

\Y “Severe fracture of a tooth and/or a crown”

The fracture mode was performed as stated by burke
in 1999 as shown in =Table 1,'" and the tested specimens
were assessed by the use of a digital microscope (Koolertron;
Shenzhen, China) at x10 magnification.

Statistical analyses of the results were done using the SPSS
program (SPSS Statistics for Windows, version 25.0; IBM Corp.,
Armonk, NY, United States). The normal distributions of the
results were evaluated by the use of Shapiro-Wilk test.

Results

The normal distributions of the results were established by
the use of Shapiro-Wilk test. Therefore, descriptive statis-
tics (means and #standard deviation [SD]) were recorded as

Table 2 Data for the failure load (means and +SD) in Newton

shown in =Table 2. The statistical analysis was done by the
use of two-way analysis of variance (ANOVA) test to calculate
the influence of the two variables, a significant difference for
both margin design and occlusal thickness but no significant
interaction difference between them as shown in =Table 3.

The highest mean fracture resistance value of monolithic
crowns was recorded by shoulderless (1 mm occlusal thick-
ness) subgroup (3,992.5 + 627.82 N) and the lowest mean
fracture value was recorded by slight chamfer (0.5 mm
occlusal thickness) subgroup (1,632.9 + 247.51 N).

Reducing the occlusal thickness of the restoration from
1 to 0.5 mm accompanied by 42% reduction of resistance
to fracture in the slight chamfer subgroups and 19% in the
shoulderless subgroups. The change in preparation design
(from shoulderless to slight chamfer) with similar occlusal
thicknesses resulted in 50% reduction of resistance to frac-
ture of 0.5 mm groups and 30% in 1 mm subgroups.

Concerning the fracture mode, results showed that
the major number of samples from subgroups A1 and A2
showed a severe fracture of the crown (code V), while
a midline fracture (fracture through the central fossa;
code III) occurred in samples from subgroups B1 and B2.
Code-I fracture was not observed in either subgroups
(=Fig. 1; =Table 4).

Subgroup A1 Subgroup A2 Subgroup B1 Subgroup B2
Margin design Chamfer Chamfer Shoulderless Shoulderless
Occlusal thickness (mm) 1 0.5 1 0.5
Mean and +SD 2,811 (364.51) 1,632.9 (247.51) 3,992.5 (627.82) 3,244.4 (401.01)

Abbreviation: SD, standard deviation.

Table 3 Two-way ANOVA test for both margin design and occlusal thickness and the interaction difference between them

Tests of between-subjects effects

Dependent variable

Fracture resistance of monolithic zirconia crowns

Source Type-Ill sum of squares df Mean square F Sig.

Margin design 19,502,122.500 1 19,502,122.500 104.135 0.000
Occlusal thickness 9,275,616.100 1 9,275,616.100 49.52 0.000
Margin design vs. occlusal thickness 462,250.000 1 462,250.000 2.46 0.125

Abbreviation: ANOVA, analysis of variance; Sig., significance.

Fig. 1 Images were taken under a digital stereomicroscope at x10 to assess the fracture mode: (A) severe crown fracture for chamfer
subgroups, (B) crown fracture through the midline for shoulderless subgroups.
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Table 4 The fracture mode

Subgroups Code | (%) Code Il (%) Code Il (%) Code IV (%) Code V (%) Total

Al - - - 2 (20) 8 (80) 10 (100)
A2 - 2(20) - 2 (20) 6 (60) 10 (100)
B1 - - 7 (70) - 3(30) 10 (100)
B2 - - 8 (80) - 2(20) 10 (100)

Fig. 2 Fractographic analysis. Digital stereomicroscopic images for the slight chamfer subgroups showed the crack originated from the occlusal
surface of the restoration (circle) and the crack propagation direction (CPD; arrow) was toward the slight chamfer margin. (A) Nonapproximated

view (x10). (B) Approximated view (x30).

Fig. 3 Fractographic analysis. Digital stereomicroscopic images for the shoulderless subgroups showed the crack originated from the
occlusal surface of the restoration (circle) and the crack propagation direction (CPD; arrow) was toward the occlusal surface of the die.

(A) Nonapproximated view (x10). (B) Approximated view (x30).

The fractographic analysis of all subgroups showed a bulk
fracture of restoration and cracks were originating from the
occlusal surface of zirconia crowns (=Figs. 2 and 3).

Discussion

Several factors affect the resistance to fracture of the clinical
crown such as the condition of loading, the elastic modulus
of the supporting die, and the cementation.'>'* A study stated
that the elastic modulus of the supporting die affects the
resistance to fracture of the fabricated crowns.'® In this com-
parative study, the modulus of elasticity [E (GPa)] of the sup-
porting nickel-chromium dies was E =200 GPa in comparison
with dentin E = 18.6 GPa and E = 210 GPa for zirconia.' Lower
readings of the fracture resistance of crowns were recorded if
the natural teeth or other die materials were used. Other two
factors (cementation and loading condition) were the same
for all the tested samples.

In this comparative study, the resistance to fracture of zir-
conia crowns in a monolithic design ranges from 1,632.9 to
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3,992.5 N which depends on the margin design type and the
selected occlusal thicknesses. Furthermore, this difference
in these experimental variables (margin preparation design,
design of the crown, and fabrication method) led us to the
difficulty in comparison of the fracture resistance that was
found in the literature to those found in this comparative
study.’

Changing in the margin design has a significant influence
on the resistance to fracture of monolithic zirconia crowns
as shown in this comparative study; the shoulderless margin
design failed at a load which was higher than the slight cham-
fer margin design when both of them had the same occlusal
thickness. The 0.5 mm occlusal thickness for shoulderless
margin design showed a higher fracture load than the 1 mm
occlusal thickness for slight chamfer margin design despite
the statistically no significant difference between them.
This showed an agreement with the previous studies.'>'®
These favorable results were related with the manner of
stress distribution through increasing the load on the crown
in the shoulderless margin design as this force would be
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transmitted to the axial walls rather than the margin of
the supporting die, resulting in stress concentration on the
occlusal surface of the crown rather than the margin area as
the fracture mode and the fractographic analysis revealed.'®
This result showed disagreement with another study®; this
discrepancy could be related to the use of epoxy dies and the
type of cement in their study. In contrast, the slight cham-
fer margin design carried the occlusal stresses which led to
stress concentration on a small area of finish line rather than
a wide area of occlusal surface which may lead to early failure
of restoration as the mode of fracture and the fractographic
analysis revealed.

The fracture resistance of monolithic zirconia crowns is
significantly affected by the occlusal thickness which may
increase survival of restoration as shown in the previous
studies.®'” In this comparative study, when comparing the
same preparation design groups, changing the occlusal thick-
ness from 0.5 to 1 mm resulted in a significant enhancement
of fracture resistance for the monolithic crowns.

Overall, results indicate that all monolithic crowns showed
a fracture resistance higher than the maximum occlusal
forces, therefore, both preparation designs were recom-
mended and clinically may be successful, but the idea goes
toward the preservation of a maximum amount of sound
structure especially in periodontally treated cases.'®2°

Previous studies have reported that the aging mechanism
decreases the resistance to fracture of monolithic zirconia
crowns.?'?2 In this comparative study, all the tested specimens
were preserved in water at 37°C for 7 days and then exposed to
thermocycling without cyclic loading, and finally subjected to
static load to failure test. Therefore, this study provides limited
information concerning zirconia’s initial performance.

Conclusion

Within the limitation of the comparative study, shoulderless
margin design has a more favorable outcome than a slight
chamfer design in all thicknesses. Although the restoration
with reduced occlusal thickness has lower fracture resistance
than 1 mm occlusal thickness, the 0.5 mm restorations still
can tolerate occlusal forces.

Funding
None.

Conflict of Interest
None declared.

References

1 Denry |, Kelly JR. State of the art of zirconia for dental applica-
tions. Dent Mater 2008;24(3):299-307

2 Zhang Y. Making yttria-stabilized tetragonal zirconia translu-
cent. Dent Mater 2014;30(10):1195-1203

3 Rashid H, Sheikh Z, Misbahuddin S, Kazmi MR, Qureshi S, Uddin
MZ. Advancements in all-ceramics for dental restorations and

10

11

12

13

14

15

16

17

18

19

20

21

22

their effect on the wear of opposing dentition. Eur | Dent
2016;10(4):583-588

Church TD, Jessup JP, Guillory VL, Vandewalle KS. Translucency
and strength of high-translucency monolithic zirconium oxide
materials. Gen Dent 2017;65(1):48-52

Mitov G, Anastassova-Yoshida Y, Nothdurft FP, von See C,
Pospiech P. Influence of the preparation design and artificial
aging on the fracture resistance of monolithic zirconia crowns.
] Adv Prosthodont 2016;8(1):30-36

Skjold A, Schriwer C, @ilo M. Effect of margin design on frac-
ture load of zirconia crowns. Eur ] Oral Sci 2019;127(1):89-96
Jang GW, Kim HS, Choe HC, Son MK. Fracture strength and
mechanism of dental ceramic crown with zirconia thickness.
Procedia Eng 2011;10:1556-1560

Nakamura K, Harada A, Inagaki R, et al. Fracture resistance
of monolithic zirconia molar crowns with reduced thickness.
Acta Odontol Scand 2015;73(8):602-608

Poggio CE, Dosoli R, Ercoli C. A retrospective analysis of 102
zirconia single crowns with knife-edge margins. J Prosthet
Dent 2012;107(5):316-321

Schmitz JH, Cortellini D, Granata S, Valenti M. Monolithic
lithium disilicate complete single crowns with feather-edge
preparation design in the posterior region: a multicentric
retrospective study up to 12 years. Quintessence Int 2017;48:
601-608

Burke FJ. Maximising the fracture resistance of dentine-bonded
all-ceramic crowns. ] Dent 1999;27(3):169-173

Campbell SD. A comparative strength study of metal ceramic
and all-ceramic esthetic materials: modulus of rupture.
] Prosthet Dent 1989;62(4):476-479

Scherrer SS, de Rijk WG. The fracture resistance of all-ceramic
crowns on supporting structures with different elastic moduli.
Int ] Prosthodont 1993;6(5):462-467

Yucel MT, Yondem I, Aykent F, Eraslan O. Influence of the sup-
porting die structures on the fracture strength of all-ceramic
materials. Clin Oral Investig 2012;16(4):1105-1110

Reich S, Petschelt A, Lohbauer U. The effect of finish line prepa-
ration and layer thickness on the failure load and fractography
of ZrO2 copings. ] Prosthet Dent 2008;99(5):369-376

Beuer F, Aggstaller H, Edelhoff D, Gernet W. Effect of prepara-
tion design on the fracture resistance of zirconia crown cop-
ings. Dent Mater ] 2008;27(3):362-367

Sasse M, Krummel A, Klosa K, Kern M. Influence of restoration
thickness and dental bonding surface on the fracture resis-
tance of full-coverage occlusal veneers made from lithium dis-
ilicate ceramic. Dent Mater 2015;31(8):907-915

Sun T, Zhou S, Lai R, et al. Load-bearing capacity and the rec-
ommended thickness of dental monolithic zirconia single
crowns. ] Mech Behav Biomed Mater 2014;35:93-101

Patroni S, Chiodera G, Caliceti C, Ferrari P. CAD/CAM technol-
ogy and zirconium oxide with feather-edge marginal prepara-
tion. Eur J Esthet Dent 2010;5(1):78-100

Findakly MB, Jasim HH. Influence of preparation design on
fracture resistance of different monolithic zirconia crowns: a
comparative study. ] Adv Prosthodont 2019;11(6):324-330
Flinn BD, deGroot DA, Mancl LA, Raigrodski AJ. Accelerated
aging characteristics of three yttria-stabilized tetragonal
zirconia polycrystalline dental materials. ] Prosthet Dent
2012;108(4):223-230

Cotes C, Arata A, Melo RM, Bottino MA, Machado JP, Souza RO.
Effects of aging procedures on the topographic surface, struc-
tural stability, and mechanical strength of a ZrO2-based dental
ceramic. Dent Mater 2014;30(12):e396-e404

European Journal of Dentistry Vol. 14 No. 2/2020

249



