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PURPOSE. This study evaluated the fracture load of customized zirconia abutments with titanium insert according
to preparation depths, with or without 5-year artificial aging. MATERIALS AND METHODS. Thirty-six identical
lithium disilicate crowns (IPS e.max press) were fabricated to replace a maxillary right central incisor and
cemented to the customized zirconia abutment with titanium insert on a 4.5x10 mm titanium fixture. Abutments
were fabricated with 3 preparation depths (0.5 mm, 0.7 mm, and 0.9 mm). Half of the samples were then
processed using thermocycling (temperature: 5-55°C, dwelling time: 120s) and chewing simulation (1,200,000
cycles, 49 N load). All specimens were classified into 6 groups depending on the preparation depth and artificial
aging (non-artificial aging groups: N5, N7, N9; artificial aging groups: A5, A7, A9). Static load was applied at 135
degrees to the implant axis in a universal testing machine. Statistical analyses of the results were performed using
1-way ANOVA, 2-way ANOVA, independent t-test and multiple linear regression. RESULTS. The fracture loads
were 539.28 + 63.11 N (N5), 406.56 = 28.94 N (N7), 366.66 + 30.19 N (N9), 392.61 + 50.57 N (A5), 317.94 =
30.05 N (A7), and 292.74 + 37.15 N (A9). The fracture load of group N5 was significantly higher than those of
group N7 and N9 (P<.017). Consequently, the fracture load of group A5 was also significantly higher than those of
group A7 and A9 (P<.05). After artificial aging, the fracture load was significantly decreased in all groups with
various preparation depths (P<.05). CONCLUSION. The fracture load of a single anterior implant restored with
lithium disilicate crown on zirconia abutment with titanium insert differed depending on the preparation depths.
After 5-year artificial aging, the fracture loads of all preparation groups decreased significantly. [J Adv Prosthodont

2015;7:183-90]
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INTRODUCTION

Implant-supported fixed dental prosthesis is a standardized
restoration method that is often used when an aesthetically
critical anterior single tooth is missing, It has similar 5-year
survival rates as tooth-supported fixed dental prosthesis.'?
Although the success rate of an all-ceramic crown was
reported to be lower than that of a metal-ceramic crown,
all-ceramic crowns displayed similar success rates in both
tooth-supported fixed dental prosthesis and implant-sup-
ported fixed dental prosthesis.”* Titanium is a stable implant
material, and titanium abutments have the advantage of
supporting gingival health and preventing galvanic reaction
between the fixture and abutment.>® However, when a tita-
nium abutment is used in thin peri-implant mucosa in the
anterior area, the metal part can be detected through the
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mucosa. For this reason, studies on alumina and zirconia,
which are high-strength ceramics, have been conducted,
and the study on implant abutments using zirconia has
advanced, showing excellent material properties and bio-
compatibility.”®

The influence of the type of connection between a zir-
conia abutment and a titanium fixture were addressed pre-
viously. The types of implant-abutment connection can be
divided into two major groups — internal connection and
/> reported that the internal
implant-abutment connection type, including zirconia abut-
ment with titanium insert, showed the highest strength, fol-
lowed by external implant-abutment connection type and
1-piece internal type, when artificial aging was not conducted.
However, in the above-mentioned experiment, only the im-
plant-abutment fracture load was measured, without involve-
ment of the crowns. Therefore, the fracture load was mea-
sured under non-physiological conditions, and intra-oral
temperature changes and dynamic functional load were not
applied. Truninger ¢ a/" investigated the fracture load of
zirconia abutment with 5-year artificial aging. They showed
that the fracture load was dependent on the types of con-
nection, which was the same result as that of the former
studies, while the strength was lower after artificial aging,
However, that study faced the limitation that it cannot be
applied to actual clinical situations, because the fracture
load of the zirconia abutment was measured without crown
restoration, and the fracture loads before and after artificial
aging were not examined.

Due to the development of CAD/CAM systems (com-
puter-aided design/computer-aided manufacturing system),
the prosthesis using zirconia has replaced the conventional
ceramic restoration and is now additionally being applied to
implant abutments.'*" Park ez a/'* investigated the fit of a
customized zitconia abutment manufactured by the CAD/
CAM system. They reported that while the fit was less pre-
cise than that of a prefabricated zirconia abutment, it was
within the clinically acceptable range. The strength of the
customized zirconia abutment was significantly higher than
that of the prefabricated zirconia abutment.

When restoring all-ceramic implant crowns, shoulder or
deep chamfer preparation of zitconia abutment was typical-
ly applied. Koutayas e /" measured the fracture loads of
1-piece internal full zirconia abutments with three prepara-
tion depths (0.5 mm, 0.7 mm, and 0.9 mm) that were
restored using lithium disilicate. They reported that the
fracture loads of all three specimens were higher than phys-
iologic masticatory force, but preparation depths of over
0.7 mm were not recommended. Subsequent to that report,
Mitsias e# al.'® reported measurement of the fracture load
of 1-piece internal full zirconia abutment with artificial
aging. Preparation depths under 0.9 mm were found to
have had no influence on the fracture load. Many literature
reports have stated that the optimum preparation depth of
zirconia abutment ranged from 0.5 mm to 1.0 mm."*
However, further studies regarding standard indicators are
still needed. Therefore, the purpose of this study was to
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investigate the change of fracture load of customized zit-
conia abutments with titanium insert according to the dif-
ferent preparation depths, with aging and chewing simula-
tion. The null hypotheses were that the fracture loads of
customized zirconia abutment with titanium inserts will not
change depending on the various preparation depths, or as
a result of aging and chewing simulation.

MATERIALS AND METHODS

A commercial titanium fixture of 4.5 mm in diameter and 10
mm in length (Anyridge, Megagen, Gyeongsan, Korea) was
used. The fixture was embedded in acrylic resin (Orthoresin
Dentsply, Weybridge, Surrey, UK) according to the ISO-
Normed protocol [ISO 14801].% Prefabricated titanium inserts
that fit into the titanium fixture (Prop abutment, Megagen,
Gyeongsan, Korea) were used, and the zirconia supra-struc-
tures to be attached to the insert were fabricated with zirco-
nia blocks (ZenostarZr translucent, Wieland, Germany)
(Table 1). The preparation depths of the zirconia suprastruc-
ture were designed to 0.5 mm, 0.7 mm and 0.9 mm using the
CAD system (3shape dental designer premium 2013, 3shape,
Denmark), and the same-sized zirconia structures were manu-
factured using the CAM system (Zenotec T'1, Wieland Dental
+ Technik GmbH, Pforzheim, Germany). The customized
zirconia suprastructures and prefabricated titanium inserts
were then bonded using dual cure self-adhesive resin cement
(Rely X Unicem, 3M ESPE, St. Paul, MN, USA). Crowns
fabricated to replace a maxillary right central incisor in Asian
adult (8.0 mm in width and 11.9 mm in length) were made
using lithium disilicate (IPS e.max press, Ivoclar-vivadent,
Schaan, Liechtenstein) (Table 1).* Crowns were designed to
fit over the customized zirconia abutments using the CAD
system (3shape dental designer premium 2013, 3shape,
Denmark). Rapid prototype model of crowns with the
same overall size and different preparation depths were fab-
ricated by 3D printer (Digital Dental Printer, Envision TEC,
Gladbeck, Germany). Lithium disilicate crowns were manu-
factured according to the previous conventional method
(Fig. 1). Customized zirconia abutments with titanium
insert were sandblasted for 30 seconds under the pressure
of 0.5 bar using 50 um ALO, particles (Cobra®, Renfert,
Germany). After the surface processing, ultrasonic cleans-
ing was performed on every specimen for 10 minutes using
acetone and alcohol, after which the specimens were dried at
room temperature. Next, zirconia primer (Metal/Zirconia
ptimer, Ivoclar-vivadent, Schaan, Liechtenstein) was applied to
the bonding surface. Following the manufacturet’s recom-
mendations, the inner surfaces of the lithium disilicate
crowns wete etched with hydrofluoric acid and silane fin-
ished (Monobond-S, Ivoclar-Vivadent, Schaan,
Liechtenstein) for 1 minute. The fixture and abutment wete
then tightened with a torque of 30 Ncm, and the inside of
the abutment was filled with cotton and temporary restor-
ative material (Caviton, GC, Tokyo, Japan). The abutment
and crown were then bonded using dual cure self-adhesive
resin cement (Rely X Unicem, 3M ESPE, St. Paul, MN,
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Table 1. Materials used in this study

Materials Type Manufacturer Composition
- Zirconia (ZrO, + HfO, + Y,0,) > 99.0%
Wieland Dental, - Yttrium oxide (Y,0,): 4.5 - 6.0%,
A Z Zl I Y-TZP 273
butment enostarzr transiucent Pforzheim, Germany - Hafnium oxide (HfO,) = 5.0%,

Ivoclar Vivadent,
Schaan, Liechtenstein

Crown IPS e.max press Lithium disilicate

- Other oxides =1.0%

- Main component: SiO,
- Additional component: Li,O, K,O, MgO, ZnO, ALQ,,
P,0O, and other oxides

Fig. 1. Customized zirconia abutment with titanium
insert and lithium disilicate crown. Preparation margin
depth: (A) 0.5 mm, (B) 0.7 mm, and (C) 0.9 mm.

USA), and finger pressure was applied for 5 minutes. After the
bonding procedure, excessive cement was removed mechani-
cally.

Half of the samples (n=18) were put into distilled water
at 37°C or 24 hours, after which thermocycling was con-
ducted in water baths set to 5 £ 0.5°C and 55 * 0.5°C,
according to the international standard ISO normed proto-
col (ISO 10477). Thermocycling were conducted to obtain
5-year artificial aging, based on previous reports (Fig. 2).%%
After thermocycling, the samples were placed at a 45 degree
angle on a chewing simulator (Chewing simulator CS-4, SD
Mechatronic GmbH, Germany) using a customized jig.
Chewing simulation was performed 1,200,000 cycles at 1.67
Hz and 49 N, which corresponds to 5-year artificial aging.”’
A cobalt-chrome steel indenter with a rounded tip (8 mm in
diameter) was used as an antagonist. The fracture load of
the abutment was measured using the universal testing
machine (RB Model 301 Unitech M™, R and B, Korea).
The samples were fixed with a custom-made jig. The maxi-
mum fracture load was determined by applying load on the

Fig. 2. Artificial aging apparatus: (A) thermocycling apparatus, (B) chewing simulator.
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palatal 2 mm of the incisal part of the abutment at the
cross head speed of 0.5 mm/min. Following the a previ-
ously published method, 0.5 mm of aluminum foil was
inserted between the sample and the testing machine for
even distribution of the load."* Depending on the prepa-
ration depths and performance of artificial aging, the speci-
mens were classified into 6 groups, including three non-
artificial aging groups (N5, N7, N9) and three artificial
aging groups (A5, A7, A9) (Table 2). To evaluate the frac-
ture mode, all specimens were embedded in acrylic resin
and sectioned in the middle of model. The fracture modes
were then identified macroscopically (Fig. 3).

The fracture loads were processed statistically using the
SPSS program (SPSS Version 21.0, SPSS Inc., Chicago, 1L,
USA). After confirmation of the equal variance assumption
by Levene’s test, two-way ANOVA for analysis and Tukey
HSD post-hoc tests were conducted to determine the inter-
actions between the changes in preparation depth and arti-
ficial aging on the fracture load of the customized zirconia
abutment with titanium insert (P>.05). Under the equal
variance assumption, one-way ANOVA was performed to

Table 2. Groups in this study

Grou Artificial aging
(Total —%6) Preparation depth (Chewing simulation,
B Thermocycling)
N5 0.5 mm (n =6)
N7 0.7 mm (n = 6) X
N9 0.9 mm (n = 6)
A5 0.5mm (n = 6)
A7 0.7 mm (n = 6) O
A9 0.9 mm (n = 6)

analyze the fracture load depending on the preparation
depths of the samples with artificial aging (P<.05), while
the non-parametric Kruskal-Wallis test was used in groups
without artificial aging because there was no assumption of
equal variance (P<.017). The differences in fracture load
between the artificial aging group and non-artificial aging
group at ecach preparation depth were statistically analyzed
using the independent t-test (P<.05). Multiple linear regres-
sion analysis was conducted to determine the relationships
between variables and the interaction between artificial
aging and changes in preparation depths or fracture load
(P<.05).

RESULTS

One of the tested specimens showed crown fracture during
the chewing simulation. All other specimens were stable,
with no observable change in gross morphology.

The means and standard deviations of the fracture
loads of whole specimens are shown in Table 3. One sam-
ple in group A5 was broken during the chewing simulation,
as it could not resist the masticatory force. Therefore, there
were 35 valid samples, for which each fracture load was
measured.

The mean fracture loads in groups N5, N7, and N9
(non-artificial aging groups) were 539.28 £ 63.11 N, 406.56
T 28.94 N, and 366.66 + 30.19 N, respectively. The fracture
area of this group, without artificial aging, was found to be
located in the implant-abutment titanium insert internal
connection area, and all specimens showed the typical frac-
ture or deformation. (Fig. 3A) The Kruskal-Wallis test indi-
cated that the fracture load, depending on preparation
depth, was higher in the N5 group than in the N7 and N9
groups (P<.017), while no significant difference in fracture
load was observed between groups N7 and N9 (P>.017)
(Fig. 4).

The fracture loads of groups A5, A7, and A9 (with arti-
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Table 3. Mean values and standard deviations of fracture load (N)

N5 N7 N9 A5 A7 A9
1 630.00 372.96 370.44 - 289.80 257.04
2 536.76 425.88 393.12 370.44 315.00 244.44
3 491.40 423.36 345.24 315.00 372.96 284.76
4 602.28 367.92 327.60 413.28 304.92 335.16
5 493.92 435.96 408.24 441.00 327.60 307.44
6 481.32 413.28 3556.32 423.36 297.36 327.60
M 539.28 406.56 366.66 392.61 317.94 292.74
SD 63.11 28.94 30.19 50.57 30.05 37.15
Means and standard deviationsare in N.
M: mean, SD: standard deviation, N = Newton.
*
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Fig. 4. Results of Kruskal-Wallis test for fracture load
without artificial aging, according to preparation depth.
*: significant at P<.017.

ficial aging) were 392.616 * 50.57 N, 317.94 + 30.05 N, and
292.74 + 37.15 N, respectively. Like the groups without artifi-
cial aging, the fracture areas of these groups were also located
in the implant-abutment titanium insert internal connection
area, and all specimens showed the typical fracture or defor-
mation (Fig. 3B) According to one-way ANOVA, there were
significant differences in the fracture load depending on the
preparation depth (P<.05). Tukey HSD post hoc test indicat-
ed that the fracture load, depending on preparation depth,
was significantly higher in the A5 group than the A7 and A9
groups, while no meaningful difference was found in the frac-
ture load between groups A7 and A9 (P>.05) (Fig. 5).

The difference in fracture load was evaluated between
each paired group (N5/A5, N7/A7, N9/A9), depending on

whether artificial aging was performed or not. Significant

Fig. 5. Results of Tukey HSD test for fracture load with
artificial aging, according to preparation depth.
*: significant at P<.05.

differences in the fracture load were observed for every pair
of preparation depth through independent £test (P<.05)
(Fig. 0).

Multiple linear regression analysis was conducted to
predict the changes in fracture load depending on the three
preparation depths and the performance of artificial aging,
as well as to examine the influence of fracture load accord-
ing to each variable. The regression model had a power of
explanation of 73.4%, and was significant when assumed
through analysis of variance (P<.05). Coefficient analysis
revealed that fracture load decreased by 102.456 N in the
case of artificial aging, and by about 68.56 N with increase
in the preparation depth of 0.2 mm. Overall, changes in the
preparation depth were found to have more influence on
the fracture load than artificial aging (Table 4).

The Journal of Advanced Prosthodontics 187



J Adv Prosthodont 2015;7:183-90

600

500

400

300 —

Fracture Load

200

2

100

N5 A5 N7 A7 N9 A9
Group

Fig. 6. Results of independent t test for fracture load
with/without artificial aging, and with various preparation
depths. *: significant at P<.05.

DISCUSSION

In the present study, the fracture loads of customized zirconia
abutments with titanium inserts were investigated according
to preparation depths and the performance of artificial
aging (thermocycling & chewing simulations). Moreover,
for representation of the ‘crown-abutment-fixture com-
plex’, lithium disilicate crowns were fabricated, and the
optimum preparation depth of the crown was also assessed.
The results indicated that the fracture load was significantly
influenced by the vatiance of preparation depth, as well as
by artificial aging. In other words, both null hypotheses were
rejected. The fracture load of preparation depth 0.5 mm
(groups N5 and A5) was significantly higher than those of
the other preparation groups (groups N7, N9, A7, and A9)
regardless of artificial aging. After artificial aging and chew-
ing simulations, all groups were significantly weakened.

The width and length ratio of the maxillary anterior
crown is known to be an important factor for anterior
esthetic restorations. Tsukiyama ez a/. reported that the aver-
age size of the central incisor in adult Asians was 8.6 mm in
width and 11.9 mm in length.** Culp and McLaran reported
the use of lithium disilicate crowns with a variety of trans-
parencies for maximization of esthetics.”” Many studies in
the literature reported that the 6-degree angle of axial prep-

Table 4. Multiple linear regression analysis results for artificial aging and preparation depths

Model summary

Model R R square Adjusted R square Std. Error of the Estimate
1 .866° .750 734 46.50099
a. Predictors: width, aging
ANOVA?
Model Sum of squares df Mean square F sig.
Regression 207052177 2 103526.088 47.877 <.001°*
1 Residual 69194.941 32 2162.342
Total 276247117 34

a. Predictor: strength
b. Dependent variables: width, aging*
(* Symbol indicates significant differences at P<.05)

Coefficient®
Unstandardized coefficient Standardized coefficient
Model t Sig.
B Std. error Beta
(Constant) 677.540 35.704 18.977 <.001*
1 aging -102.456 15.737 -.576 -6.511 <.001*
width -342.914 48.543 -.625 -7.064 <.001*

a. Dependent variable: strength
(* Symbol indicates significant differences at P<.05)
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aration offered adequate mechanical retention of the
crowns and improved the adaptation of the crown mar-
gins.””* In the present experiments, the crowns and abut-
ments were fabricated based on the reported values. For
restoration of all-ceramic implant crowns, zirconia abut-
ments require shoulder or deep chamfer margins. Koutayas
et al. selected three preparation depths which were thinner
than the natural teeth.” Although such specific limitation
of the preparation depth resulted in a restricted space for
the veneering materials, this disadvantage was outweighed
by the favorable color of the underlying zirconia abutment.
Koutayas ez al. also stated that when static load was applied
to the implant axis at 135 degtees, the thinnest portion of
the abutment and fixture connection was fractured due to
the levering effect within the internal connection of the
1-piece zirconia abutment."” They thus named the thinnest
point as the “Weakest link”. Mitsias ¢f a/. also reported that
all specimen of 1-piece zirconia abutment presented the
typical fracture at the implant-abutment internal connection
after dynamic loading.'® Substituting the link with metal
materials may allow strengthening of the fractured joint."
However, despite replacement of the link, all specimens in
the present study presented fractures in the same atea as
the previous reports. It should be noted that fracture did
not occurin all samples, as titanium insert and screw defor-
mation appeared in some of the specimens. The physiologi-
cal force during mastication and the swallowing of food
ranges from 10-120 N, with the maximum masticatory
force of between 108-299 N.*** Herein, except for some
specimens in the A7 and A9 groups, most specimens dem-
onstrated tolerance of the physiological and maximum
masticatory force.

Exposure of ceramic materials to mechanical stress and
moisture results in low-temperature degradation,™ and arti-
ficial aging has an adverse impact on the mechanical prop-
erties of zirconia material. Moreover, the phase of zirconia
could be transformed from tetragonal to monoclinic.”
Mitsias ¢ al. reported that the fracture strength and durabil-
ity of 1-piece full zirconia abutment was increased after
dynamic loading in the chewing simulator. However, they
stated that such results could not be supported by evi-
dence-based scientific data.'® In the present study, the frac-
ture loads of all preparation groups were decreased after
artificial aging and chewing simulation. Therefore, unlike
the results of the abovementioned study, the fracture load
of zirconia abutment with titanium insert examined herein
was teduced after the 5-year cyclic loading. The evidence-
based scientific data also did not support the results.
However, it could be expected that 5-year cyclic loading
might weaken the physical properties of the zirconia abut-
ment with titanium insert. Therefore, in order to determine
the exact mechanisms involved, more advanced study will
be needed. For the zirconia, phase aging and chewing simu-
lation, as well as XRD (X-ray diffusion) analyses will be
required.

In order to evaluate the correlation of the independent
variables (preparation depth and artificial aging) on the

dependent variable (fracture load), multiple linear regres-
sion analysis was performed. The results revealed that
increase of the preparation depth by 0.2 mm tended to
decrease the fracture load by 68 N, while the aging and
chewing simulations tended to cause decreases of 102 N.
Changes in the preparation depth of 0.2 mm had a higher
effect than the aging and chewing simulations. Thus, appro-
priate setting of the preparation depth of zirconia abut-
ment is critical to the survival rate, and hence, the clinical

applicability.
CONCLUSION

Within the limitations of this zz vitro study, the following
conclusions could be drawn:

Regardless of chewing simulation, the circumferential
preparation depth of 0.5 mm of zirconia abutments had a
significantly higher fracture load than other groups.

Artificial aging caused a significant decrease of the frac-
ture load for all groups of different preparation depths.

The change of preparation depth was more influential
than the chewing simulation on the fracture load of the
customized zirconia abutment with titanium insert.

Single implants restored with lithium disilicate crowns
and zirconia abutments with titanium insert could with-
stand maximum masticatory force in the incisive area when
the preparation depth was 0.5 mm.

AKNOWLEDGEMENTS

The authors acknowledge the making a zirconia abutment
with titanium insert performed by Dong-Hyo Park, CDT
of Dental Workshop Kihon group.

ORCID

Han-Sung Joo http://orcid.org/ 0000-0001-6932-1089
Kwi-Dug Yun http://orcid.org/ 0000-0002-2965-3967
Min-Kyung Ji hetp://orcid.org/ 0000-0002-3525-644X
Hyun-Pil Lim J#tp://orcid.org/ 0000-0001-5586-1404

REFERENCES

1. Pjetursson BE, Brigger U, Lang NP, Zwahlen M. Comparison
of survival and complication rates of tooth-supported fixed
dental prostheses (FDPs) and implant-supported FDPs and
single crowns (SCs). Clin Oral Implants Res 2007;18:97-113.

2. Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M,
Lang NP. A systematic review of the 5-year survival and
complication rates of implant-supported single crowns. Clin
Oral Implants Res 2008;19:119-30.

3. Valenti M, Valenti A. Retrospective survival analysis of 261
lithium disilicate crowns in a private general practice. Quinte-
ssence Int 2009;40:573-9.

4. Wassermann A, Kaiser M, Strub JR. Clinical long-term re-
sults of VITA In-Ceram Classic crowns and fixed partial
dentures: A systematic literature review. Int ] Prosthodont

The Journal of Advanced Prosthodontics 189



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

190

J Adv Prosthodont 2015;7:183-90

2006;19:355-63.

Prestipino V, Ingber A. All-ceramic implant abutments: es-
thetic indications. ] Esthet Dent 1996;8:255-62.
Abrahamsson I, Berglundh T, Glantz PO, Lindhe ]. The mu-
cosal attachment at different abutments. An experimental
study in dogs. ] Clin Periodontol 1998;25:721-7.

Prestipino V, Ingber A. Esthetic high-strength implant abut-
ments. Part I. ] Esthet Dent 1993;5:29-36.

Prestipino V, Ingber A. Esthetic high-strength implant abut-
ments. Part II. ] Esthet Dent 1993;5:63-8.

Sailer I, Philipp A, Zembic A, Pjetursson BE, Himmerle CH,
Zwahlen M. A systematic review of the performance of ce-
ramic and metal implant abutments supporting fixed implant
reconstructions. Clin Oral Implants Res 2009;20:4-31.

Sailer I, Sailer T, Stawarczyk B, Jung RE, Himmerle CH. In
vitro study of the influence of the type of connection on the
fracture load of zirconia abutments with internal and exter-
nal implant-abutment connections. Int | Oral Maxillofac
Implants 2009;24:850-8.

Truninger TC, Stawarczyk B, Leutert CR, Sailer TR, Himmerle
CH, Sailer I. Bending moments of zirconia and titanium abut-
ments with internal and external implant-abutment connec-
tions after aging and chewing simulation. Clin Oral Implants
Res 2012;23:12-8.

Aboushelib MN, Salameh Z. Zirconia implant abutment frac-
ture: clinical case reports and precautions for use. Int J
Prosthodont 2009;22:616-9.

Kunii ], Hotta Y, Tamaki Y, Ozawa A, Kobayashi Y, Fujishima
A, Miyazaki T, Fujiwara T. Effect of sintering on the margin-
al and internal fit of CAD/CAM-fabricated zirconia frame-
works. Dent Mater ] 2007;26:820-06.

Park JI, Lee Y, Lee JH, Kim YL, Bae JM, Cho HW. Comparison
of fracture resistance and fit accuracy of customized zitconia
abutments with prefabricated zirconia abutments in internal
hexagonal implants. Clin Implant Dent Relat Res 2013;15:
769-78.

Koutayas SO, Mitsias M, Wolfart S, Kern M. Influence of
preparation mode and depth on the fracture strength of zirco-
nia ceramic abutments restored with lithium disilicate crowns.
Int J Oral Maxillofac Implants 2012;27:839-48.

Mitsias M, Koutayas SO, Wolfart S, Kern M. Influence of
zirconia abutment preparation on the fracture strength of
single implant lithium disilicate crowns after chewing simula-
tion. Clin Oral Implants Res 2014;25:675-82.

Att W, Kurun S, Gerds T, Strub JR. Fracture resistance of
single-tooth implant-supported all-ceramic restorations: an in
vitro study. ] Prosthet Dent 2006;95:111-6.

Att W, Kurun S, Gerds T, Strub JR. Fracture resistance of
single-tooth implant-supported all-ceramic restorations after
exposure to the artificial mouth. ] Oral Rehabil 2006;33:380-
6.

Aramouni P, Zebouni E, Tashkandi E, Dib S, Salameh Z,
Almas K. Fracture resistance and failure location of zirconi-
um and metallic implant abutments. ] Contemp Dent Pract
2008;9:41-8.

Adatia ND, Bayne SC, Cooper LF, Thompson JY. Fracture

resistance of yttria-stabilized zirconia dental implant abut-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

ments. | Prosthodont 2009;18:17-22.

Kim §, Kim HI, Brewer JD, Monaco EA Jr. Comparison of
fracture resistance of pressable metal ceramic custom im-
plant abutments with CAD/CAM commercially fabricated
zirconia implant abutments. ] Prosthet Dent 2009;101:226-
30.

Butz F, Heydecke G, Okutan M, Strub JR. Survival rate, frac-
ture strength and failure mode of ceramic implant abutments
after chewing simulation. ] Oral Rehabil 2005;32:838-43.

ISO 14801. Dentistry-fatigue test for endosseous dental im-
plants. International Standards Organization (ISO); Geneva;
Switzerland, 2005.

Tsukiyama T, Marcushamer E, Griffin TJ, Arguello E, Magne
P, Gallucci GO. Comparison of the anatomic crown width/
length ratios of unworn and worn maxillary teeth in Asian
and white subjects. ] Prosthet Dent 2012;107:11-6.

ISO 10477. Dentistry. Polymer-based crown and bridge ma-
terials. International Standards Organization (ISO); Geneva;
Switzerland, 1996.

Gale MS, Darvell BW. Thermal cycling procedures for labo-
ratory testing of dental restorations. | Dent 1999;27:89-99.
Krejci I, Lutz F In-vitro test results of the evaluation of
dental restoration systems. Correlation with in-vivo results.
Schweiz Monatsschr Zahnmed 1990;100:1445-9.

Kellerhoff RK, Fischer J. In vitro fracture strength and ther-
mal shock resistance of metal-ceramic crowns with cast and
machined AuTi frameworks. ] Prosthet Dent 2007;97:209-15.
Culp L, McLaren EA. Lithium disilicate: the restorative mate-
rial of multiple options. Compend Contin Educ Dent 2010;
31:716-20, 722, 724-5.

Strub JR, Beschnidt SM. Fracture strength of 5 different all-
ceramic crown systems. Int ] Prosthodont 1998;11:602-9.
Attia A, Kern M. Influence of cyclic loading and luting agents
on the fracture load of two all-ceramic crown systems. ]
Prosthet Dent 2004;92:551-6.

Pera P, Gilodi S, Bassi F, Carossa S. In vitro marginal adapta-
tion of alumina porcelain ceramic crowns. ] Prosthet Dent
1994;72:585-90.

Shearer B, Gough MB, Setchell DJ. Influence of marginal
configuration and porcelain addition on the fit of In-Ceram
crowns. Biomaterials 1996;17:1891-5.

De Boever JA, McCall WD Jr, Holden S, Ash MM Jr. Functional
occlusal forces: an investigation by telemetry. ] Prosthet Dent
1978;40:326-33.

Waltimo A, Kénonen M. A novel bite force recorder and
maximal isometric bite force values for healthy young adults.
Scand | Dent Res 1993;101:171-5.

Swab JJ. Low temperature degradation of Y-TZP materials. ]
Mater Sci 1991;26:6706-14.

Guazzato M, Albakry M, Ringer SP, Swain MV. Strength,
fracture toughness and microstructure of a selection of all-
ceramic materials. Part II. Zirconia-based dental ceramics.
Dent Mater 2004;20:449-56.



