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Statement of problem. Although various zirconia abutments have been introduced, insufficient data exist regarding
the maximum load capacity of internal tri-channel connection zirconia implant abutments with various implant-abut-
ment interfaces.

Purpose. The purpose of this in vitro study was to compare the maximum load capacity of 3 different types of internal
tri-channel connection zirconia abutments and to assess their mode of failure.

Material and methods. The study investigated 3 groups (n=20) of zirconia implant abutments with different implant-
abutment interfaces. Group AllZr consisted entirely of zirconia (Aadva CAD/CAM Zirconia Abutment), group FrZr of
a titanium insert friction-fitted to the zirconia abutment component (NobelProcera Abutment Zirconia), and group
BondZr of a titanium insert bonded to the zirconia abutment component (Lava Zirconia abutment). All the abutments
were thermal cycled for 20 000 cycles between 5°C and 55°C. Sixty test implants made of titanium (Dummy Nobel-
Replace) were embedded in autopolymerizing acrylic resin, and 60 zirconia copings (Lava Zirconia) with a uniform
thickness of 2.0 mm were fabricated and bonded to the abutments. A universal testing machine was used to statically
load all the specimens at a crosshead speed of T mm/min. The maximum load was recorded and used as the failure
load. The fractured specimens were collected and representative specimens were studied with a stereomicroscope and
scanning electron microscope (SEM). One-way ANOVA and post hoc comparisons with the Tukey HSD tests were
used for statistical analysis (a=.05).

Results. The mean (SD) maximum load capacity was 484.6 (56.6) N for NobelProcera, 503.9 (46.3) N for Aadva,
and 729.2 (35.9) N for Lava abutments. The maximum load capacity of Lava abutments was significantly higher than
that of Aadva or NobelProcera (P< 05). No significant difference between Aadva and NobelProcera abutments was
noted. The mode of failure among the Aadva, NobelProcera, and Lava abutments was different.

Conclusions. With standard diameter internal tri-channel connection implants, the maximum load capacity of the
Lava abutment was significantly higher than that of the Aadva or NobelProcera abutment. No significant difference in
maximum load capacity was noted between Aadva and NobelProcera abutments. However, the fracture behavior of
all 3 abutments was different. (J Prosthet Dent 2013;109:255-263)
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CLINICAL IMPLICATIONS
For standard diameter internal tri-channel connection implants,
zirconia abutments with bonded titanium inserts may provide in-
creased maximum load capacity than pure zirconia abutments or
zirconia abutments with titanium inserts that are friction fitted.

The initial use of implant abut-
ments was to act as an intermedi-
ate element between the prosthesis
and the implant platform for screw-
retained multiunit implant
theses."” Recently, their role has ex-
panded to supporting and managing
the soft tissue emergence and submer-
gence profiles® and to providing base
shades at the cervical aspect of single
tooth and multiunit implant prosthe-
ses.® Such demands, along with the ad-
vent of computer-assisted design/com-
puter-assisted manufacturing (CAD/
CAM) technology, have led to the de-
velopment of various custom abutment
fabrication techniques using titanium
and zirconia.’

Commercially pure titanium has
been widely used as an abutment
material in implant therapy because
of its well-documented biocompat-
ibility®? and mechanical properties.™
Even though these materials have
demonstrated predictable outcomes
in long-term clinical studies,""'* ti-
tanium abutments may cause an un-
natural bluish appearance at the soft
tissue junction in patients with rela-
tively thin tissues that can result in a
compromised esthetic outcome';
however, numerous materials can be
used to overcome this shortcoming,
including cast gold alloys and gold-
colored titanium abutments. These
materials may improve the gingival
hue,™ but the overall translucency of
the restoration may remain limited
because of the opaque nature of met-
al. Ceramic materials such as alumina
have been used as implant abutment
materials to assist in achieving opti-
mal esthetics,'®"” but studies have
shown the relatively low fracture re-
sistance of the material.’®" As a re-
sult, zirconia implant abutments have

pros-

gained popularity because of their
improved fracture resistance over alu-
mina and superior optical properties
over titanium. Several in vitro studies
have shown that the fracture resis-
tance of zirconia implant abutments
exceeds the maximal reported incisal
forces (90 to 370 N).2>2* Although
most clinical failures result from fa-
tigue loading, static loading tests may
model situations such as a person oc-
cluding into a hard object or receiv-
ing trauma to the implant-abutment
complex. Depending on its thickness,
zirconia allows a certain degree of
light transmission,”® which enables
the dental laboratory technician to
fabricate restorations to satisfy pa-
tients with high esthetic expectations.

Regardless of the clinical success
reported for zirconia abutments in
anterior and premolar regions,*?%%
fracture of the abutments has been
reported.?® Consequently, some may
question the validity of using such
a material in the oral environment.
However, not all zirconia abutments
behave in the same manner.?

As compared to titanium abut-
ments, which are monolithic, zirconia
abutments can be fabricated in vari-
ous ways. They can be made entirely
of zirconia, of zirconia with a friction
fitted metal component which con-
nects to the implant, or of zirconia
with a bonded metal component
which connects to the implant. These
multiple connections may affect the
overall durability of the abutment/
implant complex.* Studies have been
published regarding the load capac-
ity of zirconia abutments with differ-
ent implant-abutment connections in
various implant systems and implant
diameters.?"*? However, the authors
identified no study that compared
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zirconia abutments with different im-
plant-abutment interfaces in a stan-
dardized dimension on a single im-
plant diameter. Such a study is needed
to minimize variables and to focus on
the effect of the connection type on
the maximum load capacity. In addi-
tion, the mode of failure for the abut-
ments and its residual effect on the
implant platform need to be studied.

Brodbeck?® reported the damaging
effect of zirconia on the implant’s ex-
ternal hexagon. Klotz et al** reported
the wear of zirconia and titanium im-
plant abutments under cyclic loading
and showed more titanium transfer
on the zirconia abutment than on
the titanium abutment with a conical
connection implant. Such potential
damage to the implant at the abut-
ment implant interface may result in
clinical failure.

The purpose of this in vitro study
was to compare the maximum load
capacity of standard diameter, in-
ternal, and tri-channel connection
zirconia abutments with 3 different
implant-abutment interfaces and to
assess the mode of failure of these
abutments. The null hypothesis was
that no difference in the maximum
load capacity and mode of failure
among the 3 types of zirconia abut-
ments exists under static load.

MATERIAL AND METHODS

Sixty zirconia implant abutments
from 3 different manufacturers were
used (n=20). The different groups of
abutments, abutment composition,
abutment and implant platform inter-
face, and manufacturers are present-
ed in Table I. Group AllZr consisted
entirely of zirconia (Aadva CAD/CAM
Zirconia Abutment; GC Advanced
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Technologies Inc, Alsip, Ill), group
FrZr of a titanium insert that is fric-
tion-fitted to the zirconia abutment
component (NobelProcera Abut-
ment Zirconia; Nobel Biocare, Yorba
Linda, Calif), and group BondZr of a
titanium insert that is bonded to the
zirconia abutment component (Lava
Zirconia abutment; 3M ESPE, St Paul,
Minn) as shown in Figures 1 and 2.

A single abutment for a maxil-
lary left central incisor was fabricat-
ed with a CAD/CAM system (Aadva
CAD/CAM Zirconia Abutment; GC
Advanced Technologies Inc) from a
prototype cast, designated as the pro-
totype abutment, and scanned with 2
other scanners (NobelProcera Scan-
ner; Nobel Biocare and 3M ESPE Lava
Scan ST Dental Scanner; 3M ESPE).
Zirconia abutments were obtained
from GC Advanced Technologies Inc,
Nobel Biocare, and 3M ESPE. In this
manner, all the abutments were fabri-
cated such that their dimensions were

identical, with a 0.5 mm deep circum-
ferential chamfer and 8 mm of inciso-
gingival height on the buccal surface
and 6.5 mm on the lingual. The axial
wall thicknesses were 1.0 mm at the
mid-facial and mid-palatal surfaces
and 1.3 mm at the mid-mesial and
mid-distal as shown in Figure 3. The
identical dimensions of the abut-
ments were confirmed with a digital
caliper (Mitutoyo 500-196-20; Mitu-
toyo America Corp, Aurora, ). The
Lava abutments required bonding to
the titanium inserts. The manufac-
turer recommended a bonded surface
area of at least 33 mm?. Calculations
indicated that the titanium insert for
a NobelReplace Regular Platform im-
plant needed at least 2.7 mm of axial
wall height. The titanium inserts (En-
gaging Ti Base; Attachments Intl Inc,
Burlingame, Calif) were reduced to 3
mm in height to meet the manufac-
turer’s specifications. The surfaces of
the titanium inserts and the intaglio

TABLE |. Materials evaluated

surface of the zirconia abutment were
tribochemically treated (Rocatec;
3M ESPE) according to the manufac-
turer’s instructions. The titanium in-
serts and the zirconia abutments were
bonded with dual-polymerizing com-
posite resin cement (RelyX Unicem
Self-adhesive Universal Resin Cement;
3M ESPE) according to the manufac-
turer’s instructions. Excess cement
was removed under x10 magnifica-
tion. For the Procera abutments, the
zirconia sprue attached to the coronal
portion of the abutment was removed
with a diamond rotary cutting instru-
ment (KS 4; Brasseler USA, Savannabh,
Ga) and copious water with a custom
device (Pattern Resin LS, GC Advanced
Technologies Inc) fabricated from the
prototype abutment to standardize the
dimensions. After 24 hours of storage
in water at room temperature, all 60
zirconia implant abutments were ther-
mal cycled (v2.1a; Proto-tech, Portland,
Ore) for 20 000 cycles between 5 and

Abutment Abutment/Implant
Material Composition  Platform Interface Manufacturer
Aadva CAD/CAM Zirconia Zirconia/Titanium GC Advanced Technologies Inc,

Zirconia Abutment

Alsip, Il

NobelProcera

Abutment Zirconia

Zirconia + Ti insert

Zirconia/Titanium

(friction fit)

Nobel Biocare,

Yorba Linda, Calif

Lava

Zirconia Abutment

Zirconia + Ti insert

Titanium/Titanium

(Bonded)

3M ESPE,
St Paul, Minn

El Example of specimens depicting 3 various implant-
abutment interfaces. (A) GC. (B) Procera. (C) Lava.
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Cross sections of specimens depicting various implant-abutment interfaces. A, GC.

B, Procera. C, Lava.

Example of specimens with standardized dimensions
from 3 manufacturers. (A) GC. (B) Procera. (C) Lava.

55°C, with adwell time of 20 seconds.®

Sixty test implants made of tita-
nium with a standard diameter inter-
nal tri-channel connection (Dummy
NobelReplace Tapered Groovy 4.3 x
13 mm; Nobel Biocare, Yorba Linda,
Calif) were used for this study. These
were embedded in autopolymeriz-
ing acrylic resin (Shade D3 JetTooth
Shade Powder and Jet liquid; Lang
Dental Manufacturing Co, Inc, Wheel-
ing, Ill) by using a custom-made posi-
tioning device to standardize the test
implant within the acrylic resin. The
platforms of the test implants were
3.0 mm away from the acrylic resin
to simulate 3.0 mm of bone loss ac-

cording to the ISO 14801 standard.?
A preload of 35 Ncm was applied to
all the abutments to anchor them
to the test implant, according to the
manufacturer’s instructions. A zirco-
nia coping with a uniform thickness
of 2.0 mm (Lava Zirconia; 3M ESPE)
was fabricated for all 60 abutments
by scanning the individual abutments
(3M ESPE Lava Scan ST Dental Scan-
ner; 3M ESPE). The intaglio surfaces
of the zirconia copings and the zir-
conia implant abutments were tri-
bochemically treated (Rocatec; 3M
ESPE), and ceramic primer (RelyX Ce-
ramic Primer, 3M ESPE) was applied.
Dual-polymerizing composite resin
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cement (RelyX Unicem Self-adhesive
Universal Resin Cement; 3M ESPE)
was used to bond the copings to the
abutments. The specimens were kept
in tap water at room temperature for
at least 24 hours before loading.

The universal testing machine (In-
stron model 5500R; Instron Corp,
Norwood, Mass) made contact with
the specimen 2.0 mm from the inci-
sal tip at a 30-degree angle to simu-
late maxillary anterior tooth contact,
as modified from the ISO 14801
standard® and shown in Figure 4. A
polytetrafluoroethylene (PTFE) tape
(Harvey’s White PTFE Thread Seal
Tape; William H. Harvey Company,
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Zirconia coping bonded on test implant and mounted
in steel holder of universal testing machine at angle of 30
degrees. PTFE tape was applied between specimen and

testing machine to prevent frictional force on specimens.

TABLE |I. Mean (SD)

maximum load capacity

in N after 20 000 thermal cycles (n=20)

Maximum load capacity (Standard)

Group Mean SD Min Max
GC 503.9 463 4240 6503
Lava 729.2 359 651.0 788.0

Procera  484.6 56.6 369.3 589.1

TABLE Ill. Tukey Studentized Range (HSD) Test for

Maximum load capacity

Group Difference Simultaneous 95%
Comparison Between Means Confidence Limits
Lava -GC 2253 189.5  261.1*
Lava -Procera 244.6 208.8  280.4*

GC -Procera 19.3 -16.5  55.1

Comparisons significant at the .05 level are indicated by *

Omaha, Neb) was used on the inter-
face between the testing machine and
copings to prevent any friction. Static
loading was performed at a crosshead
speed of 1.0 mm/min. The crosshead
motion was stopped after the load
started to decrease because of the
fracture of abutments or the plastic
deformation of the screw or implant.
The maximum load was recorded and
used as the failure load. Three speci-
mens from each group were randomly
chosen and were recorded with a high-
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speed camera (Keyence Corp of Amer-
ica, Elmwood Park, NJ) at between
800 and 1000 frames per second (fps)
during static loading. Representative
fractured specimens from each group
were mounted on aluminum blocks
with colloidal silver liquid (Electron
Microscopy Sciences, Hatfield, Pa),
sputtered with platinum in an argon
gas environment (SPI Module Sput-
ter Coater; Structure Probe, Inc, West
Chester, Pa), and examined with a
scanning electron microscope (SEM)

(JEOL JSM-7000; JEOL Ltd, Tokyo, Ja-
pan) with secondary electron imaging
and backscattered electron imaging.
Digital images of these specimens were
recorded at various magnifications to
evaluate the fracture surfaces and to
determine the mode of failure.

RESULTS

The mean maximum load capacity
(SD) was 484.6 (56.6) N for Nobel-
Procera, 503.9 (46.3) N for Aadva,
and 729.2 (35.9) N for Lava (Table
[I). There were significant differences
in maximum load capacity among the
3 groups (1-way ANOVA P<.001, F
value=167.2, df=2 and 57). The mean
maximum load capacity was signifi-
cantly higher for the Lava abutments
than for both Aadva and NobelPro-
cera abutments (P< 05; Tukey HSD).
The difference in maximum load ca-
pacity between Aadva and NobelPro-
cera was not statistically significant
(Table I1l) (Fig. 5). The modes of fail-
ure among the Aadva, NobelProcera,
and Lava abutments were all different.
The Aadva abutments displayed frac-
tures, which emanated from the area
between the buccal and distal lobes
of the tri-channel connection, where
the zirconia thickness is the thinnest
(Fig. 6). The NobelProcera abutments
displayed fractures, which emanated
from the internal aspect of the contact
area of zirconia and the screw head at
the lateral and posterior aspects (Fig.
7). The Lava abutments displayed sep-
aration between the zirconia and the
titanium insert (Fig. 8).

DISCUSSION

This in vitro study demonstrated
that zirconia abutments with various
implant-abutment
a different maximum load capacity
and mode of failure under static load
for standard platform tri-channel im-
plants. Therefore, the null hypothesis
was rejected. Even though significant
differences in the maximum load ca-
pacity existed among some groups,
all of them exceeded the physiologi-

D
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Distribution of Fracture Load
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Box plot of maximum load capacity for each group.

SEI 10.0kV X15 WD 25 1mm Tmm U SEM SEl 10.0kV X50 WD 25.0mm  100um

I3 SEM image of fracture surface of GC abutment. A, Fracture origin (magnification x15). B, Close-up of fracture
origin (magnification x50).

0 SEM SEI 10.0kV X15 WD 25. 1mm Tmm U 0 SEM SEl 10.0kV X35 WD 25.1mm  100um

SEM image of fracture surface of Procera abutment. A, Fracture origin at junction of intaglio surface of zirconia
component and screw head (magnification x15). B, Close-up of fracture origin (magnification x35).
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EJ Lava abutment displaying separation between zirconia

and titanium insert.
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El Various screw designs used for specimens. (A) GC. (B)

Procera. (C) Lava.

cal incisal force in the anterior region,
which is known to be aproximately 90
to 370 N.2°2% The zirconia abutments
used were either made entirely of zirco-
nia, zirconia with a friction-fitted tita-
nium insert, or zirconia with a bonded
titanium insert. The dimensions of all
the abutments were standardized be-
cause the abutments were fabricated
with CAD/CAM technology, instead
of manually. The test implants used
in this study were composed of com-
mercially pure titanium, which is the
equivalent of an implant used clinical-
ly. It was used rather than a replica to
exclude one more variable and to as-
sist in localizing the load effect of the
implant-abutment interface so that
fracture resistance could be measured.

One variable, the screw design,
could not be standardized. For the
Aadva and NobelProcera abutments,
the screw head had a tapering design,
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whereas the Lava abutment screw head
had a butt-joint design. In addition, the
Lava abutment screw had more threads
than the other two (Fig. 9).

It can be speculated that the stress
distribution under static load for all 3
abutments was different. When force
was applied from the palatal aspect
of the abutment-coping complex, the
palatal-cervical region was under ten-
sion and the labial-cervical region was
under compression. After observation
with the stereomicroscope and SEM,
the fractures in the Aadva abutments
were found to have emanated from the
axial wall of the tri-channel connec-
tion, between the channels where the
zirconia is the thinnest (0.3 mm). This
may imply that for a monolithic zirconia
abutment such as the Aadva abutment,
the weak link may be where the material
is the thinnest and in an area of tension.

For the NobelProcera abutments,

the high-speed camera demonstrated
separation between the zirconia com-
ponent and the titanium insert before
the fracture of the zirconia. This sepa-
ration may have transferred the stress
to the contact area between the screw
head and the zirconia component,
causing fracture. SEM images also
demonstrated that the fracture origi-
nated where the screw head contacts
the zirconia on the lateral and palatal
aspect of the intaglio surface of the
abutments.
with a titanium insert that can separate
from the zirconia component under
static load, the screw head design may
play a role in the fracture resistance of

For zrconia abutments

the abutment complex.

For the Lava abutments, the high-
speed camera demonstrated separa-
tion of the zirconia component from
the titanium insert. Only 2 of the Lava
abutments fractured. Even though it
is difficult to pinpoint the cause of
these fractures, a misfit or a bonding
compromise between the titanium
insert and the zirconia component
may be suspected. Observation with
the stereomicroscope showed that
the origin of the crack propagation in
the zirconia matched that of the tita-
nium insert where surface roughness
and distortion are present. Although
titanium abutments were not used,
the maximum load capacity of Lava
abutments may be comparable to
that of titanium abutments. Previous
studies have shown similar results for
zirconia abutments with a cemented
titanium insert.'%?

Additionally, the test implant plat-
forms were subjectively assessed with
a stereomicroscope. The NobelPro-
cera abutment group demonstrated
significant damage to the implant
platforms perhaps because the inter-
face with the platform of the implant
was in zirconia and the friction-fitted
titanium led the zirconia component
of the abutment to bend away, caus-
ing the zirconia to dig into the tita-
nium platform. (Fig. 10). The Aadva
abutment group did not demonstrate
as much implant platform damage as
the NobelProcera abutment group.

D
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0 Representative specimen displaying damage to
implant platform of Procera abutment.

Representative specimen displaying damage to
implant platform of GC abutment.

Representative specimen displaying severe distortion
of test implant of Lava abutment.

The abutment fractured without any
prior bending, thus leaving less con-
tact area and less damage to the im-
plant platform (Fig. 11). The implant
platforms interfaced with the Lava
abutments could not be evaluated
because the titanium inserts did not

fracture off the implants. However,
because the highest compressive force
was applied to the abutment-implant
complex, the implant dummies dem-
onstrated severe distortion (Fig. 12).
Conclusions may not be drawn from
this finding since a high magnitude of
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force, which may not be clinically rel-
evant, was applied to the abutment-
implant complex.

Multiple limitations of the study
need to be addressed for proper clini-
cal correlation. The first was that only
static loading was used. Static load-
ing may only be one type of force
among many that can be applied to
the abutment-coping complex; thus
different results may be demonstrated
when fatigue loading is applied. How-
ever, to design a fatigue loading test,
static loading is essential to provide a
starting point and calculate the load
that will be applied to the abutment-
coping complex. Therefore, this static
loading test may be considered a pre-
liminary study for future fatigue load-
ing projects. Second, the precision of
the fit of the abutments from different
manufacturers to the test implants
was not compared. This factor was a
variable that may have contributed to
the difference in the maximum load
capacity or the fracture behavior of
the abutments. Third, nonanatomic
copings were used rather than ana-
tomically contoured crowns. Thick
zirconia copings (2.0 mm) were used
to concentrate the forces being ap-
plied to the specimens to the cervi-
cal region and to prevent any cop-
ing fractures, which may introduce
another variable and complicate the
data analysis. In addition, this study
used only one type of implant system
with a specific connection type and
diameter; thus the results may not be
applicable to other implant systems.
Additional clinical studies are needed
to conducted to identify the mode
of failure of such implant abutments
and to provide guidelines for the use
of zirconia abutments with different
connections and different implant
platform designs.

CONCLUSION

Within the limitations of this in
vitro study, the following conclusions
were drawn:

1. Lava zirconia abutments dem-
onstrated a higher maximum load ca-
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pacity under static load than Aadva
and NobelProcera zirconia abutments.

2. Aadva and NobelProcera zirco-
nia abutments did not demonstrate
any significant difference in maximum
load capacity under static load.

3. The mode of failure for all 3 types
of zirconia abutments was different.
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