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ABSTRACT

Background: Customized zirconia abutments are increasingly applied for the fabrication of esthetic implant restorations
aimed at imitating the natural situation. These abutments are individually shaped according to the anatomical needs of the
respective implant site.

Purpose: This study sought to compare the fracture resistance and fit accuracy of prefabricated and customized zirconia
abutments using an internal hexagonal implant system (TSV®, Zimmer, Carlsbad, CA, USA).

Materials and Methods: Two zirconia abutment groups were tested: prefabricated zirconia abutments (ZirAce, Acucera, Seoul,
Korea) and customized zirconia abutments milled by the Zirkonzahn milling system. Twenty zirconia abutments per group
were connected to implants on an acrylic resin base with 30-Ncm torque. The fracture resistance of zirconia abutments was
measured with an angle of 30° at a crosshead speed of 1 mm/min using the universal testing machine (Z020, Zwick, Ulm,
Germany). Marginal and internal gaps between implants and zirconia abutments were measured after sectioning the
embedded specimens using a digital microhardness tester (MXT70, Matsuzawa, Tokyo, Japan).

Results: The customized abutments were significantly stronger (1,430.2 N) than the prefabricated abutments (1,064.1 N).
The mean marginal adaptation of customized abutments revealed a microgap that was increased (11.5 um) over that in
prefabricated abutments (4.3 pm).

Conclusion: Within the limitations of this study, the customized abutments are significantly stronger than prefabricated
abutments, but the fit is less accurate. The strength and fit of both abutments are within clinically acceptable limit.
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enough to endure masticatory forces, resulting in frac-
ture. Thus, stronger dental ceramic material remains in
demand.**

With high fracture strength, abrasion resistance,
and biocompatibility, clinical applications of zirconia
include all ceramic crowns, post and cores, orthodontic
brackets, and, more recently, implant abutments.”” The
zirconia-type material that has received the most atten-
tion due to its superior mechanical properties is yttrium
oxide partially stabilized zirconia (Y-TZP)."*'' Dental
restorations using Y-TZP have been made available
with the recently developed computer-assisted design/
computer-assisted manufacturing (CAD/CAM) sys-
tems.'>"” In CAD/CAM technology using zirconia, a
uniform ceramic green-body blank of zirconia is fabri-
cated, the restoration is milled to a magnified size, and
the size is adjusted after shrinkage during sintering.
With the superior physical properties of zirconia and the
efficiency of the CAD/CAM system, esthetic restorations
are increasingly fabricated. Zirconia prostheses using
CAD/CAM technology are rapidly replacing conven-
tional dental ceramic restorations.'*'” As zirconia is also
being used for implant abutments, many researchers are
investigating this topic.

Yildirim and colleagues'® compared the abutment
fracture strength in an external hexagonal connection
system and reported that zirconia abutments were more
than twice as resistant to fracture as alumina abutments,
with a fracture strength of 737.6 N for the zirconia abut-
ment and 280.1 N for the alumina abutment. Kohal and
colleagues’ studied the fracture strength of titanium,
alumina, and zirconia abutments when restored with
alumina and zirconia prostheses and reported that
zirconia abutments had higher fracture strength than
alumina abutments. Both groups studied prefabricated
zirconia abutments used in an external hexagonal con-
nection system.

Prefabricated zirconia abutments are uniform, stan-
dardized, easy to use, and have an excellent fit. However,
if the position or angulation of the fixture is not appro-
priate or if the height of the surrounding soft tissue is
insufficient, it is difficult to use prefabricated zirconia
abutments. Such difficulties may be overcome by fabri-
cating customized zirconia abutments with a CAD/
CAM system, and investigations on their fracture
resistance and fit accuracy at the implant-abutment
interface are urgently needed. Therefore, the purpose of
this study was to investigate the fracture resistance and

Figure 1 Prepared titanium master abutment connected to
Zimmer implant with internal hexagon.

fit accuracy of customized zirconia abutments fabricated
with a CAD/CAM system using an internal hexagonal
implant system and to evaluate clinical applications of
zirconia abutments.

MATERIALS AND METHODS

A master abutment representing the standardized abut-
ment for a maxillary central incisor was created to fit an
implant fixture (TSV®, Zimmer, Carlsbad, CA, USA)
with an internal hexagonal connection (Figure 1). The
titanium abutment (Hex-Lock®, Zimmer) was prepared
on a surveyor so that the abutment was 10 mm in
height, tilted 6° laterally, and angled 20° labially, and the
screw hole was positioned labially. The cervical margin
was placed 1 mm above the implant. Twenty pre-
fabricated commercially available zirconia abutments
(ZTSV47, Shinwon Dental, Seoul, Korea) made of
(Y,Nb)-TZP (ZirAce, Acucera, Seoul, Korea) were also
used for comparison (Table 1). Prefabricated ZirAce

TABLE 1 Composition of Zirconia Used in This
Study (wt%)

Chemical Composition ZirAce ICE Zircon
ZrO, 70.7 >91.2
AlLO; 14.2 0.25£0.10
Y.0; 7.6 5.15 £ 0.20
Nb,Os 7.5

HfO, <3.0
SiO, <0.02
Fe,O5 <0.01
Na,O <0.04




Figure 2 Prefabricated ZirAce abutment.

abutments had a diameter of 4.5 mm at the platform
and 5.5 mm at the height of contour. They had a con-
vergence of 3.75° from the height of contour toward the
incisal edge and were 7.57 mm in length. The outer
diameter and the length of the internal hexagonal con-
nection were 2.69 mm and 1.5 mm, respectively. Each
abutment was connected to the implant fixture and pre-
pared using diamond burs (102R, SF102R, Shofu Inc.,
Kyoto, Japan) in a high-speed dental handpiece under
water cooling to simulate the shape of a master titanium
abutment. The dimensions and anatomic form were
standardized by using a silicone form guide. After prepa-
ration, all abutments were cleaned with distilled water in
ultrasonic cleaner and then steam autoclaved (Figure 2).

Twenty customized zirconia abutments were fabri-
cated by grinding green-stage zirconia blocks (ICE
Zircon, Zirkonzahn, Gais, Italy) with a manual copy-
milling machine (Zirkonzahn) using a master titanium
abutment as a model (Figure 3). Green-type zirconia
was used to create the abutment because it can be used
to create the abutment in its softest form, and subse-
quently, it was subjected to a sintering process to obtain
the final abutment. The milled abutments were sintered
at 1,500°C in the sintering oven (Zirkonzahn); the tem-
perature rose from 20 to 1,500°C over 3 hours and was
maintained at 1,500°C for 2 hours according to the
manufacturer’s recommendation. After fabrication, the
abutments were inspected under a microscope to assess
the precision of the fit and confirm the absence of any
structural defects.
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Implant fixtures were mounted in a self-cured resin
base of 10 mm X 10 mm X 15 mm in size using a sur-
veyor so that only the upper 3 mm was exposed and
perpendicular to the base. The zirconia abutments were
connected to the implant fixtures with 30-Ncm torque
using a torque wrench. The holes were filled with gutta
percha and light cure-type composite resin (Filtek
73500, 3M, St. Paul, MN, USA) and light cured for
20 seconds. The 20 specimens were randomly divided
into two groups: 10 abutments were included in the
“fracture resistance group” and 10 samples were
included in the “fit accuracy group.”

The fracture resistance of zirconia abutments was
measured using the universal testing machine (Z020,
Zwick, Ulm, Germany). A metal jig was fabricated to
hold the specimen in a position so that the long axis of
the implant fixture was tilted in a 30° angulation.'**'
After placing the specimen in the jig, a semicircle-
shaped rod 6 mm in diameter was used to place loading
at 1 mm lingual to the incisal edge of the zirconia abut-
ment. To prevent lateral displacement of the specimen
or the slippage of the rod, a rubber dam sheet was placed
between the metal rod and the specimen. The speed of
the universal testing machine was set at 1 mm/min, and
the load was placed until fracture of the zirconia abut-
ment (Figure 4). The fracture resistance was measured
for 10 specimens in each group and statistically ana-
lyzed. In addition, the pattern of the fractured zirconia
specimen surfaces was studied and analyzed.

Figure 3 Customized zirconia abutment milled by the
Zirkonzahn system.
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Figure 4 Thirty-degree loading of the abutment with a
universal testing machine.

The specimens in the fit accuracy group were
then embedded in a plastic mould (10 mm X 20 mm X
25 mm) with clear acrylic resin (Orthojet®, Lang Dental,
Wheeling, IL, USA). The specimens were sectioned in
the longitudinal axis using a diamond saw (ISOMET low
speed saw, Buehler, Lake Bluff, Germany). The sectioned
surface of each specimen was polished sequentially to a
SiC paper of 1,200 grit. Finally, the surfaces were highly
polished with alumina powder (1-um particle size)
mixed with water. Using an ultrasonic cleaner, alumina
powder and debris on the surface between the screw
threads or implant fixture and at the abutment con-
nection were removed. The sectioned surface of each
specimen was examined at X100 magnification with a
microscope in a digital microhardness tester (MXT70,
Matsuzawa, Tokyo, Japan), and the resolution of the
microscope was 0.1 um. The gap between the implant
fixture and the abutment was measured at the three
measuring point by one investigator (Figures 5-7). The
marginal gap was measured at the area at a distance of
100 um from the top of the fixture along the bevel of the
implant. The internal gap between the zirconia abut-
ment and the implant fixture was measured at the center
in the vertical and horizontal directions. The fracture
resistance, the marginal, the internal vertical, and the
internal horizontal gaps were compared between the two
zirconia abutments by independent i-test using the
SPSS® software (version 12.0, SPSS Inc., Chicago, IL,
USA) at a confidence level of p <.001 and p <.01.

RESULTS

The mean fracture resistance of prefabricated ZirAce
abutments was 1,064.1 N and that of the customized

Figure 5 Cross-sectional view of titanium master
abutment-implant assembly. Measuring points of marginal (A),
horizontal (B), and vertical (C) gaps between the master
titanium abutment and implant.

Zirkonzahn abutments was 1,430.2 N (Table 2). The
customized Zirkonzahn abutments were significantly
stronger compared with the prefabricated ZirAce abut-
ments (p <.001). With regard to the failure mode of the
abutments, all specimens except for one prefabricated
abutment were fractured obliquely along the body and
separated at the junction of the internal hex and plat-
form ledge (Figure 8). The one prefabricated abutment
was fractured at the internal surface of the zirconia abut-
ment in contact with the abutment screw head.

The marginal and internal fit between the zirconia
abutment and the implant is seen in Tables 3 and 4, and
Figure 9. The marginal gap and horizontal gap of the

TABLE 2 Fracture Strengths (N) of Zirconia
Abutments (n = 10)

Prefabricated Customized

Abutment Abutment
Mean 1,064.1 1,430.2
SD 155.6 219.7

SD = standard deviation.



Figure 6 Cross-sectional view of prefabricated ZirAce
abutment.

customized abutments were greater than those of the
prefabricated abutments (p <.01). However, the vertical
gap at the horizontal ledge showed no difference
between the two abutments.

DISCUSSION

The use of zirconia abutment was introduced recently
because of its high fracture resistance compared with
alumina and other dental ceramics. However, the litera-
ture addressing the effect of impact force on zirconia

TABLE 3 Mean Value (SD) for Marginal, Vertical,

and Horizontal Gap (um) between Implant and
Abutment (n = 10)

Marginal Vertical Horizontal
Gap Gap Gap
Prefabricated 4.3 (2.9) 106.5 (13.5) 19.3 (12.6)
abutment
Customized 11.5 (9.0) 105.0 (36.6) 28.8 (14.3)
abutment

SD = standard deviation.
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Figure 7 Cross-sectional view of customized Zirkonzahn
abutment.

abutments is inconclusive, and the mechanical strength
of the abutments has been difficult to assess due to the
lack of relevant information in the majority of articles.
The physical properties of raw stock zirconia, the types
of implant-abutment connection, and fabrication and
experimental methods have been known to significantly
influence the strength and precision of zirconia
abutments.

The metal-free zirconia abutments are often recom-
mended for externally connected implant systems rather
than those that are internally connected. Yildirim and
colleagues'® tested zirconia abutments with an external
hex implant connection (Nobel Biocare, Goéteborg,
Sweden) and reported that the mean fracture load of
zirconia abutments restored by glass-ceramic crowns
was 737.6 N (£245.0) under 30° loading. Kerstein and
Radke? reported that mean fracture loads of Procera and
Atlantis abutments connected on external hex implants
without restoration under 40° loading were 740 N (196)
and 831 N (£69), respectively. The Procera zirconia abut-
ments were computer-milled by scanning the technician-
created wax abutment, while Atlantis abutments were
created using computer-design techniques after scanning
the master cast. Metrologic inspection of the two
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Figure 8 Modes of failure. A, Body fracture with a sound hexagonal structure in the prefabricated abutment. B, Body fracture with a
hexagonal structure fracture in the prefabricated abutment. C, Body fracture with a hexagonal structure fracture in the customized

abutment.

customized zirconia abutments revealed no significant
differences in the interface features. Therefore, their
respective significant strength differences were thought
to be a result of the raw stock zirconia material that each
company uses in its abutment fabrication process.

The mean failure load of the customized
Zirkonzahn abutments (1,430.2 =219.7 N) was greater
than the prefabricated ZirAce abutments (1,064.1+
155.6 N) in this study. The main reason for the superior
load-bearing capacity of the customized Zirkonzahn
abutments lies in the difference of raw stock zirconia
material. ICE Zirkonzahn had more ZrO, content than
ZirAce. While ZirAce contained 70.7% zirconia, ICE
Zirkonzahn contained 91.2% zirconia, and this differ-
ence in composition most likely accounts for the differ-

ence in strength.”** The flexural strengths of ICE
Zirkonzahn and ZirAce were 1,138 and 916 MPa, respec-
tively, whereas Weibull moduli, which are related to the
flaw-size distribution,? of ICE Zirkonzahn and ZirAce
were 14.32 and 33, respectively.”>** However, the ZirAce
(Y,Nb)-TZP/Al,Os composite was reported to have a
high fracture toughness of 12 MPam'?

than that of other commercial zirconia material, which
1/2

, which is higher
ranges from 7 to 10 MPam"?. As the fracture toughness
means the resistance of a material against a propagating
crack,” it has been reported that ZirAce abutments can
prevent low-temperature degradation due to its high
fracture toughness.”>*

The type of connection between the abutments

and implants significantly influenced the strength

TABLE 4 Statistical Analysis of Prefabricated Zirconia Abutment and

Customized Zirconia Abutment

Mean N SD t p

Fracture strength (N) P 1,064.1 10 155.6 —4,561%* .001
C 1,430.2 10 219.7

Marginal gap (um) P 43 10 2.9 —2.388*** .000
C 11.5 10 9.0

Vertical gap (um) P 106.5 10 13.5 0.161 .874
C 105.0 10 36.6

Horizontal gap (Wm) P 19.3 10 12.6 —2.967** .008
C 28.8 10 14.3

Hp <01, ¥p < 001,

P = prefabricated abutment; C = customized abutment; SD = standard deviation.
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Figure 9 The marginal, vertical, and horizontal gaps between the zirconia abutment and implant.

of zirconia abutments. The advantage of internal
implant-abutment connections is that they are more
stable, and forces are more widely distributed along
the interface compared with the external hex design.”
However, Sailer and colleagues'” concluded that one-
piece internally connected zirconia abutments were
weaker than one-piece externally connected or two-piece
internally connected zirconia abutments with metallic
insert. The mean fracture loads of the unrestored zirconia
abutments were 480.9 N (£82.8) for external connection
(Nobel Biocare) and 292.0 N (£218.4) for internal
connection (Straumann, Basel, Switzerland) under 30°
loading. They also proved that the zirconia abutment
groups with restorations did not show higher bending
moments than those without restorations. Our investi-
gation, as well as the study by Adatia and colleagues,'® did
not include a full veneer crown in the experimental
model. Other authors'® included crowns over the zirconia
abutments and found that a crown may act to shield the
abutment from the effects of the load, thereby allowing a
larger load to be applied before failure is noted.

While there have not been many studies regarding
one-piece zirconia abutments with internal connections,
there have been numerous studies on Astra Tech system
with conical seal design implant connections. Adatia and
colleagues'® reported that the mean fracture loads of
unrestored zirconia abutments on Astra implants were
between 429 (£140) and 576 (£120) N, depending on the

preparation amount of between 0 and 1.0 mm under 30°
loading. Margin preparation of the zirconia abutments
up to 1.0 mm with irrigation did not adversely affect the
fracture strength of abutment assemblies. Nothdurft and
colleagues'® evaluated the effects of thermomechanical
loading on the failure load of zirconia abutments on
Astraimplants. The restored angulated abutments exhib-
ited a mean fracture load of 355.0 N (£24.7) under 30°
loading, and thermomechanical aging did not lead to a
significant decrease in load-bearing capacity of zirconia
abutments. However, Mitsias and colleagues® reported
that the fracture load of zirconia abutments on Astra
implants restored with metal crowns was 690 N (+430)
under 30° static loading, while the reliability of the zirco-
nia abutments for 50,000 cycles of fatigue test dropped
considerably from 93% at 175 N to 18% at 300 N.
Gehrke and colleagues® performed cyclic loading
tests using Cercon zirconia abutments fixed on Xive
implants. The Xive system is characterized by a 1.5-mm-
high and 2.5-mm-wide internal hex, a wide platform on
the top of the implant, and a parallel socket above and
below the hex. Cercon zirconia abutments restored with
spherical caps exhibited a maximum fracture load of
672 N during 30° static loading and 403.2 N at 10,000
cycles runout point, and 268.8 N at an 800,000 to
5 million cycles runout point during cyclic loading.
They concluded that Cercon zirconia abutments could
safely be used in the incisor region of the maxilla and
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mandible, while caution was recommended in the molar
regions.

Hjerppe and colleagues® compared unrestored,
custom-made Zirkonzahn abutments with prefabri-
cated, commercially available zirconia abutments using
two types of implant systems (i.e., Astra and Xive). The
fracture loads in Astra groups varied from 511 to 624 N
under 45° loading, and there were no significant
differences among the Astra groups. However, they
reported higher fracture load of 1,099 N (% 207) in the
Zirkonzahn-Xive modified abutments compared with
412N (£79) in prefabricated Xive abutments. These
stronger abutments were relatively short and had more
zirconia material by volume than the others due to the
abutment design. Our findings were consistent with
those of Hjerppe and colleagues, and the mean fracture
load of the customized Zirkonzahn abutments was
greater than that of the prefabricated ZirAce abutments.

The abutment-implant connection of Zimmer
implants has a 44° internal bevel with a 1-mm ledge and
a 1.5-mm-high and 2.5-mm-wide internal hex. Studies
on fracture strength of zirconia abutments of Zimmer
implant systems have been scarce. The analysis of the
failure mode of the two tested zirconia abutments
revealed that the crack initiated from the oral aspect in
the region of the internal hex, at the thinnest portion of
the abutment. As the cervical portion of ceramic abut-
ments represents the area of highest torque that leads to
crack initiation, further improvements in the design
and/or strength of implant-abutment connections of
zirconia abutments are needed to enhance the resistance
of the restorative system.

In this study, the volume of zirconia was greater
because the amount of abutment reduction was less. In
addition, the understructure of zirconia abutments is
stronger due to the characteristic of the abutment-
implant connection. These are probably the reasons why
the fracture resistance was higher than in other investi-
gations. The fracture resistance of a zirconia abutment
should be within a safety range of 370 N for the anterior
region® and 1,000 N for the posterior region’" of the
maxilla and mandible to ensure a favorable clinical
prognosis of zirconia abutments. However, cyclic fatigue
patterns and stress corrosion failure may occur
intraorally in clinical situations. As a rule of thumb, the
endurance limit for fatigue cycling that can be applied to
dental ceramics is approximately 50% of the maximum
fracture resistance.” In this study, the fracture resistance

of zirconia abutments was greater than 1,000 N, and if
the 50% fatigue resistance rule is applied to zirconia
abutments of Zimmer implant systems, 500 N is an
adequate fatigue strength to be used on anterior teeth.
The two tested zirconia abutments have the potential to
withstand physiological occlusal forces in the anterior
region.

The long-term clinical success of zirconia abut-
ments can be influenced significantly by marginal dis-
crepancies. Poor marginal adaptation increases plaque
retention and changes the distribution of the microflora,
which can induce the onset of peri-implant disease.’
Studies on the comparison of microgaps between
implant-abutment interfaces demonstrated varying
results because of the differences in machining toler-
ances of implant systems as well as measuring methods
(e.g., scanning electron microscope analysis or cross-
section methods).” Byrne and colleagues™ reported that
the mean external gap between the Ti abutment and
Nobel Biocare implant ranged from 36 to 86 wm using a
cross-section method. However, Yiiziigiilli and Avci®”
reported that the mean marginal discrepancy for
zirconia abutments in external hex implants was 2.53
(10.48) um by scanning electron microscopy analyses.
These differences in results between the two studies
may be due to differences in measuring points and
methodology.

Kanno and colleagues™ found a marginal gap at the
fixture top of the Astra Tech implant of approximately
0.94 um (£1.21) using cross-section methods. Whereas
Hjerppe and colleagues™ reported that the horizontal
discrepancies between Astra and customized Astra zir-
conia abutments and the implant replica were 4.9 um
(32) and 10.7 um (£11.1), and the vertical discrepancies
in Xive and customized Xive abutments were 1.5 um
(£0.5) and 7.5 um (£5.8). The mean marginal gaps in
this study were 4.3 um (+2.9) for prefabricated ZirAce
11.5um (+9.0) for
Zirkonzahn abutments. The prefabricated ZirAce abut-

abutments and customized
ment performed significantly better than the custom-
ized Zirkonzahn abutment in terms of marginal fit,
which is consistent with the results of Hjerppe and col-
leagues. Possible causes of poorer fit include a 20% sin-
tering shrinkage, the scanning process, compensatory
software design, and milling. Hoyer and colleagues®
stated that the marginal gap between implant and abut-
ment under dynamic loading after 500,000 cycles was
consistently in the range of 0 to 30 um, which are



clinically acceptable. Therefore, the marginal and inter-
nal fit of both abutments were within clinically accept-
able range.

The fact that the marginal gap between the implant
and abutment was larger in the customized copy-milled
abutments did not seem to affect the mechanical
strength of the implant-abutment system. However, fret-
ting wear between the titanium implant and the zirconia
abutment occurs when repeated loading and unloading
cause cyclic stresses that induce surface or subsurface
breakup, resulting in the loss of material. This wear must
be taken into account when fabricating customized zir-
conia abutments in dental laboratories.

The limitations of the present study were as follows.
(1) The customized abutment was copy-milled using the
master titanium abutment. Therefore, the dimensions of
the two experimental abutment designs were not iden-
tical, which could possibly affect the fracture strength
results. It would be more ideal to have a prepared, pre-
fabricated abutment copy-milled into the customized
abutment. (2) The gap dimensions were measured using
the cross-section technique. As a result, the precision
was measured at only three defined areas per assembly,
and this may not represent the complete fit. Cross sec-
tioning might also cause damage to the specimens.

CONCLUSIONS

Within the limitations of this study, the customized
Zirkonzahn abutments showed higher fracture resis-
tance than the prefabricated ZirAce abutments. Both
types of zirconia abutments demonstrated failure loads
that exceeded maximum human bite force. However, the
marginal fit of the customized abutments was not nec-
essarily as satisfactory as that seen with prefabricated
abutments.

ACKNOWLEDGMENTS

This study was partially supported by Wonkwang Uni-
versity, Korea, in 2011.

REFERENCES

1. Prestipino V, Ingber A. All-ceramic implant abutments:
esthetic indications. ] Esthet Restor Dent 1996; 8:255-262.

2. Abrahamsson I, Berglundh T, Glantz PO, Lindhe J. The
mucosal attachment at different abutments. An experimen-
tal study in dogs. J Clin Periodontol 1998; 25:721-727.

3. Andersson B, Glauser R, Maglione M, Taylor A. Ceramic
implant abutments for short-span FPDs: a prospective

10.

11.

12.

13.

14.

15.

16.

17.

Fracture Resistance and Fit of Zirconia Abutments 777

5-year multicenter study. Int J Prosthodont 2003; 16:640—
646.

Andersson B, Taylor A, Lang BR, etal. Alumina ceramic
implant abutments used for single-tooth replacement: a pro-
spective 1- to 3-year multicenter study. Int J Prosthodont
2001; 14:432—-438.

Heydecke G, Butz F, Hussein A, Strub JR. Fracture strength
after dynamic loading of endodontically treated teeth
restored with different post-and-core systems. ] Prosthet
Dent 2002; 87:438—-445.

Glauser R, Sailer I, Wohlwend A, Studer S, Schibli M, Schirer
P. Experimental zirconia abutments for implant-supported
single-tooth restorations in esthetically demanding regions:
4-year results of a prospective clinical study. Int J Prosth-
odont 2004; 17:285-290.

Canullo L. Clinical outcome study of customized zirconia
abutments for single-implant restorations. Int J Prosthodont
2007; 20:489—493.

Tan PL, Dunne JT Jr. An esthetic comparison of a metal
ceramic crown and cast metal abutment with an all-ceramic
crown and zirconia abutment: a clinical report. J Prosthet
Dent 2004; 91:215-218.

Kohal RJ, Att W, Bichle M, Butz F. Ceramic abutments and
ceramic oral implants. An update. Periodontol 2000 2008;
47:224-243.

Sundh A, Sjogren G. A comparison of fracture strength of
yttrium-oxide- partially-stabilized zirconia ceramic crowns
with varying core thickness, shapes and veneer ceramics. J
Oral Rehabil 2004; 31:682-688.

Luthardt RG, Holzhiiter M, Sandkuhl O, et al. Reliability and
properties of ground Y-TZP-zirconia ceramics. ] Dent Res
2002; 81:487-491.

Raigrodski AJ. Contemporary materials and technologies for
all-ceramic fixed partial dentures: a review of the literature. J
Prosthet Dent 2004; 92:557-562.

Tinschert J, Natt G, Mautsch W, Spiekermann H, Anusavice
KJ. Marginal fit of alumina- and zirconia-based fixed partial
dentures produced by a CAD/CAM system. Oper Dent 2001;
26:367-374.

Aboushelib MN, Salameh Z. Zirconia implant abutment
fracture: clinical case reports and precautions for use. Int J
Prosthodont 2009; 22:616-619.

Kunii J, Hotta Y, Tamaki Y, etal. Effect of sintering
on the marginal and internal fit of CAD/CAM-fabricated
zirconia frameworks. Dent Mater ] 2007; 26:820—826.
Yildirim M, Fischer H, Marx R, Edelhoff D. In vivo fracture
resistance of implant-supported all-ceramic restorations. J
Prosthet Dent 2003; 90:325-331.

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 J Oral Maxillofac
Implants 2009; 24:850-858.



778

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Clinical Implant Dentistry and Related Research, Volume 15, Number 5, 2013

Adatia ND, Bayne SC, Cooper LF, Thompson JY. Fracture
resistance of yttria-stabilized zirconia dental implant abut-
ments. ] Prosthodont 2009; 18:17-22.

Nothdurft FP, Doppler KE, Erdelt KJ, Knauber AW, Pospiech
PR. Fracture behavior of straight or angulated zirconia
implant abutments supporting anterior single crowns. Clin
Oral Investig 2011; 15:157-163.

Mitsias ME, Silva NR, Pines M, Stappert C, Thompson VP.
Reliability and fatigue damage modes of zirconia and tita-
nium abutments. Int ] Prosthodont 2010; 23:56-59.
Gehrke P, Dhom G, Brunner J, Wolf D, Degidi M, Piattelli A.
Zirconium implant abutments: fracture strength and influ-
ence of cyclic loading on retaining-screw loosening. Quin-
tessence Int 2006; 37:19-26.

Kerstein RB, Radke J. A comparison of fabrication precision
and mechanical reliability of 2 zirconia implant abutments.
Int J Oral Maxillofac Implants 2008; 23:1029-1036.

Kim DJ, Lee MH, Lee DY, Han JS. Mechanical properties,
phase stability and biocompatibility of (Y-Nb)-TZP/ALO;
composite abutments for dental implant. ] Biomed Master
Res 2002; 53:438—443.

Hjerppe J, Lassila LV, Rakkolainen T, Narhi T, Vallittu PK.
Load-bearing capacity of custom-made versus prefabricated
commercially available zirconia abutments. Int J Oral Max-
illofac Implants 2011; 26:132-138.

Lee DY, Kim DJ, Kim BY. Influence of alumina particle size
on fracture toughness of (Y,Nb)-TZP/ALO; composites. J
Eur Ceram Soc 2002; 22:2173-2179.

Hjerppe J, Vallittu PK, Froberg K, Lassila LV. Effect of sin-
tering time on biaxial strength of zirconium dioxide. Dent
Mater 2009; 25:166—171.

Yilmaz H, Aydin C, Gul BE. Flexural strength and fracture
toughness of dental core ceramics. J Prosthet Dent 2007;
98:120-128.

Bae KH, Han JS, Seol YJ, Butz F, Caton J, Rhyu IC. The
biologic stability of alumina-zirconia implant abutments

29.

30.

31.

32.

33.

34.

35.

36.

37.

after 1 year of clinical service: a digital subtraction radio-
graphic evaluation. Int ] Periodontics Restorative Dent 2008;
28:137-143.

Maeda Y, Satoh T, Sogo M. In vitro differences of stress
concentrations for internal and external hex implant-
abutment connections: a short communication. J Oral
Rehabil 2006; 33:75-78.

Haraldson T, Carlsson GE, Ingervall B. Functional state, bite
force and postural muscle activity in patients with osseoin-
tegrated oral implant bridges. Acta Odontol Scand 1979;
37:195-206.

Waltimo A, Kénénen M. A novel bite force recorder and
maximal isometric bite force values for healthy young adults.
Scand J Dent Res 1993; 101:171-175.

Jansen VK, Conrads G, Richter EJ. Microbial leakage and
marginal fit of the implant-abutment interface. Int J Oral
Maxillofac Implants 1997; 12:527-540.

Beuer F, Naumann M, Gernet W, Sorensen JA. Precision of
fit: zirconia three-unit fixed dental prostheses. Clin Oral
Investig 2009; 13:343—-349.

Byrne D, Houston F, Cleary R, Claffey N. The fit of cast and
premachined implant abutments. J Prosthet Dent 1998;
80:184-192.

Yuzigillit B, Avci M. The implant-abutment interface of
alumina and zirconia abutments. Clin Implant Dent Relat
Res 2008; 10:113—121.

Kanno T, Milleding P, Wennerberg A. Topography, micro-
hardness, and precision of fit on ready-made zirconia abut-
ment before/after sintering process. Clin Implant Dent Relat
Res 2007; 9:156—-165.

Hoyer SA, Stanford CM, Buranadham §, Fridrich T, Wagner
J, Gratton D. Dynamic fatigue properties of the dental
implant-abutment interface: joint opening in wide-diameter
versus standard-diameter hex-type implants. ] Prosthet Dent
2001; 85:599-607.



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-
Blackwell and its content may not be copied or emailed to multiple sites or posted to alistserv
without the copyright holder's express written permission. However, users may print,
download, or email articles for individua use.



