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ABSTRACT

Background: Studies about the effect of grinding procedures as well as material thickness on the resistance of zirconia
implant abutments are in short supply.

Purpose: This study evaluated the effect of wall thickness as well as preparation on the resistance of zirconia implant
abutments.

Materials and Method: Sixty-four implants received titanium (group Ti) and zirconia abutments (groups Zr-8, Zr-18, and
Zr-1). The abutments of group Zr-8 had a 0.8-mm wall thickness, whereas the wall thickness of group Zr-18 was reduced
by preparation from 1 mm to 0.8 mm. The abutments of group Zr-1 had a wall thickness of 1 mm. Standardized maxillary
central incisor metal crowns were cemented on all abutments. All specimens were then tested in a universal testing machine
for their resistance to fracture before and after masticatory simulation (n = 8).

Results: The median resistance to fracture values (N) before and after aging were, respectively: group Ti: 500-504; group
Zr-8:487-491; group Zr-18: 490-451; and group Zr-1: 519-480. No significant effects of group, aging, or combinations were
found (p > .05).

Conclusion: All tested abutments have the potential to withstand physiologic occlusal forces in the anterior region (>200 N).
The applicability of the results to other implant systems should be verified.
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INTRODUCTION replacement of single missing teeth. The clinical

The use of dental implants has become a routine proce- ~ outcome of single implants ranges between 96% and

dure for the replacement of missing teeth. In addition ~ 24% after observation periods between 5 and 6 years,

to completely and partially edentulous arches, the respectively.' As for the restorations, the 5-year survival

indication range of dental implants encompasses the 't of implant-supported crowns has been reported to

be 95.4% for metal-ceramic crowns and 91.2% for all-
ceramic crowns.>’
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ing a single missing tooth with an implant-supported
crown is challenging.>** The success depends not only

functional load-bearing capacity but also on a harmo-
nious and esthetic integration of the crown into the

the adjacent natural teeth. Therefore, optimal implant
© 2011 Wiley Periodicals, Inc. positioning and superstructure design are prerequisites
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componen Conventionally,
dental implants and abutments are usually being fabri-
cated out of commercially pure titanium or titanium
alloy because of its well-documented biocompatibility
and mechanical properties."® Despite the abundant
number of modifications and improvements in the
design and fabrication of metal abutments, there is still,
however, the risk of metallic components showing
through when such abutments are used.®” Even when
placed subgingivally, a dull grayish background may give
the soft tissue an unnatural bluish appearance. The
appearance of a gray gingival discoloration may be
attributed to a thin gingival biotype that incapable of
blocking reflective light from the metallic abutment
surface.*®” To overcome this problem and improve
the mucogingival esthetics, ceramic abutments were
developed.'"

Today, the majority of implant manufacturers offer
zirconia abutments for implant-supported restorations
in esthetically delicate areas. Zirconia abutments are
available in prefabricated or customized form and can
be prepared in the dental laboratory either by the tech-
nician or by utilizing computer aided design/computer
aided manufacturing (CAD/CAM) techniques. Zirconia
abutments are successors to the densely sintered high-
purity alumina (AL,O;) abutments. Compared with the
latter, zirconia abutments are radiopaque and demon-
strate significantly higher resistance to fracture prop-
erty.® As an abutment material, the biocompatibility of
zirconia toward soft connective and epithelial tissue is
similar to that of titanium.*'*"> To determine the bio-
compatibility or interactions at the biomaterial-tissue
interface, in vitro studies using cell cultures have been
carried out.' It is well known today that zirconia, as well
as other ceramics, is highly biocompatible and is less
prone to plaque accumulation than metal substrates.'>™"”
Clinical studies about zirconia abutments have depicted
survival rate of 100% after observation periods between
6 months and 4 years."’ Despite encouraging short-term
results, there is a need for long-term clinical data about
the outcome of zirconia abutments.

In addition to the optical properties and biocom-
patibility, it is commonly agreed that ceramic abutments
should show proper resistance against masticatory
forces raised during chewing or swallowing.'®'® Gener-
ally, the clinical application of prefabricated zirconia
abutments necessitates grinding procedures and in
many cases requires a reduction in wall thickness. Con-
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sequently, it should be expected that the resistance of
prepared zirconia abutments might be different than
that of unprepared ones. Ceramics have a universal
shortcoming in the mechanical property, as they are
brittle and, therefore, less resistant against tensile forces.
The reduction in the material’s bulk thickness as well as
the existence of surface and bulk microstructural defects
may lead to crack formation and jeopardize the overall
stability of the material. Unfortunately, the current lit-
erature does not provide information about this issue.
Hence, there is a need to explore the effect of grinding
procedures on the resistance of zirconia abutments as
well as to define a minimal wall thickness that guaran-
tees long-term stability. The purpose of this study was to
evaluate the effect of wall thickness as well as prepara-
tion procedure on the resistance to fracture of zirconia
implant abutments.

MATERIALS AND METHODS

Sixty-four implants with a diameter of 4 mm and a
length of 13 mm (Nobel Replace Straight Groovy, Nobel
Biocare, AB, G6teborg, Sweden) were used in this study.
The implants were divided into four groups of 16
specimens each. Implants of Ti received 16 CAD/CAM
titanium abutments (NobelProcera™ Titanium RP,
Nobel Biocare AB), whereas implants of Zr (Zr-8, Zr-18,
and Zr-1) received 16 CAD/CAM zirconia abutments
with different wall thickness (NobelProcera Zirconia RP,
Nobel Biocare AB). Group Zr-8 received zirconia abut-
ments with a wall thickness of 0.8 mm. Group Zr-18
received zirconia abutments that were prepared from
I mm to 0.8 mm wall thickness. Group Zr-1 received
zirconia abutments with a 1-mm wall thickness. Regard-
less of the wall thickness, the abutments of all groups
had standard dimensions: a deep chamfer finish line of
0.5-mm depth and a total height of 9.5 mm with a clini-
cal height of 7mm and a gingival height of 2.5 mm
(Figure 1). The fabrication of the abutments was made
by a wax-up of two reference abutments according to the
above-mentioned dimensions using a light-cured resin
(Visio™-FORM, 3 M ESPE, Seefeld, Germany). The first
abutment, representing abutments of the control group
(Ti) as well as of group Zr-8, had a wall thickness of
0.8 mm. The second abutment, representing groups
Zr-1 and Zr-18, had a wall thickness of 1 mm. The
dimensions of the abutments were controlled using
a precise thickness-measuring device (Digitmatic
Micrometer, Mitsutoyo, Hama-matsu, Japan). Then, the
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Figure 1 A schematic drawing of the abutment configuration of
different groups (abutment height [H1]: 9.5 mm, clinical height
[H2]: 7 mm, height of metal basis [H3]: 1 mm, height of
intra-implant portion [H4]: 3.75 mm). Dotted line denotes the
reduction of wall thickness from original abutment size in
group Zr-18. Zr = zirconia.

wax-ups of the abutments were scanned using a
mechanical scanner that operates by surface detection
(Procera Forte™, Nobel Biocare AB). The digital data
were visualized (CAD) using the software Procera
(Procera CADDesign V2.0, Nobel Biocare AB). After-
ward, the data were sent via the software upload inter-
face to the Procera Sandvik AB server (Nobel Biocare
AB), where the fabrication of the titanium and zirconia
abutments took place. After delivery, all abutments
of the test and control group(s) were placed on the
implants using titanium screws (Nobel Biocare AB) and
torqued to 35 Ncm according to the manufacturer’s rec-
ommendation using the torque control system (Torque
Tite, Nobel Biocare AB). After 1 minute, the aforemen-
tioned procedure was repeated to ensure proper tight-
ening of the implant-abutment component. For group
7Zr-18, the wall thickness of all abutments was reduced
from 1 mm to 0.8 mm by means of preparation using
diamond rotary instruments (Set. no. 4432, Gebr. Bras-
seler, Lemgo, Germany) with water spray application
and the help of a silicon index (Twinduo, Picodent, Wip-
penfirth, Germany) as well as the precise thickness-
measuring device (Digitmatic Micrometer, Mitsutoyo)
(see Figure 1). Sixty-four standardized maxillary central
incisor crowns with a height of 11 mm and a width of
8 mm were fabricated out of a chromium-cobalt alloy

(Dentitan, Krupp Medizintechnik, Essen, Germany)
using a silicone index (Figure 2). Afterward, all implants
were embedded with autopolymerizing acrylic resin
(Technovit 4000, Heraues Kulzer, Wehrheim, Germany)
at an angle of 130° to the horizontal plane to simulate
clinical conditions. The resin has a modulus of elasticity
of approximately 12 GPa that approximates that of
human bone (18 GPa).

Before definitive placement, the inner surfaces of
the crowns as well as the abutments were cleaned using
70% isopropanol. Then, all crowns were definitively
placed on the abutments with finger pressure using a
resin-luting cement (Panavia 21, Kuraray, Tokyo, Japan).

Half of specimens of each group were exposed to
1,200,000 cycles of thermomechanical fatigue in a
computer-controlled dual-axis chewing simulator (Wil-
lytech, Munich, Germany) to simulate 5 years of clinical
function. The force was applied 3 mm below the incisal
edge on the palatal aspect of the crown at a frequency
of 1.6 Hz using a ceramic ball with a 6-mm diameter
(Steatite Hoechst Ceram Tec, Wunsiedel, Germany). The
ceramic ball has a Vickers hardness that is similar to that
of enamel. A force of 49 N was chosen to simulate a load
within the clinical range. During testing, all specimens
were subjected to simultaneous thermal cycling between
5°C and 55°C for 60 seconds each, with an intermediate
pause of 12 seconds, maintained by a thermostatically
controlled liquid circulator (Haake, Karlsruhe,
Germany).

Afterward, all specimens were loaded compressively
in a universal testing machine (Z010/TN2S, Zwick, Ulm,

Germany) with force application at an angle of 130° to

Figure 2 A representative image of a test specimen (group
Zr-1). A standardized wax-up of a maxillary central incisor was
used to fabricate nonprecious metal crowns. Zr = zirconia.



Figure 3 A representative image of fractured test specimen
(group Zr-8). Metal part of the abutment is shown.
Zr = zirconia.

the horizontal axis and a cross-head speed of 2 mm/min
(n=28). The semispherical loading stamp was centrally
positioned in the median plane of the crown between
the upper end of the cingulum and the incisal edge. A
1-mm-thick tin foil was placed between loading stamp
and crown to achieve homogenous stress distribution.
The applied force was graphically recorded on an x-t
recorder (Zwick testXpertO V.7.1, Zwick), with failure
defined as a deviation from graphic linearity. After
loading in the universal testing machine, the location
and mode of failure for each test specimen were
recorded by visual examination with the help of a
x5 magnifying glass (Carl Zeiss, Aalen, Germany)
(Figure 3).

For descriptive exploration of the data, box plots
were calculated and graphically displayed, stratified by
status and group. An analysis of variance (ANOVA) was
used to compare fracture resistance among all groups.
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The continuous response variable (load) was modeled as
a function of status and group and the corresponding
interactions as explanatory variables. Least square
means were calculated, and the level of significance was
set as p<.05. Model assumptions were graphically
checked by residuals and other regression diagnostics
(including Cook’s distance). The normality of error
terms was assumed. All calculations were made using
PROC MIXED from the statistical software SAS 9.1.2
(SAS Institute Inc., Cary, NC, USA).

RESULTS

All specimens survived 1,200,000 cycles of dynamic
loading and thermal cycling in the artificial mouth. No
screw loosening was recorded.

The smallest fracture resistance value before aging
was observed in test group Zr-8, whereas the smallest
value after aging was observed in control group Ti
(Table 1). The highest median fracture resistance value
before aging occurred in test group Zr-1, followed by
groups Ti, Zr-18, and Zr-8, respectively. After aging, the
highest median fracture resistance value occurred in
control group Ti, followed by groups Zr-8, Zr-1 and
Zr-18, respectively (see Table 1). The fracture resistance
values before and after artificial aging are represented in
the box plots (see Figure 4).

The comparisons of the fracture resistance values
within and between different groups, before and after
artificial aging, showed no statistically significant differ-
ences. The repeated measures ANOVA did not yield
significant effect of group, status (initial, aged) or
combinations (p > .05).

The location and mode of failure of the different
groups before and after the exposure to the artificial

TABLE 1 Groupwise Fracture Resistance Values in N after the Load-to-Fracture Test

First Third Standard

Group Status Minimum Quartile Median Mean Quartile Maximum Deviation
Ti Initial 395 473 500 519 570 668 85
Aged 223 411 504 484 550 718 144
Zr-1 Initial 370 446 519 493 541 567 73
Aged 393 434 480 481 519 599 66
Zr-8 Initial 368 424 487 488 560 598 82
Aged 335 360 491 479 544 613 101
Zr-18 Initial 373 412 490 473 522 566 68
Aged 367 407 451 478 535 674 102

Ti = titanium; Zr = zirconia.
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Figure 4 Box plots of the results after the load-to-fracture test in N before and after the fatigue loading (n = 8). Pairwise
comparisons did not yield statistical differences between and within groups, before and after artificial aging (p > .05). Ti = titanium
abutments (control group); Zr-1 = zirconia abutments with a wall thickness of 1 mm; Zr-8 = zirconia abutments with a wall thickness
of 0.8 mm; Zr-18 = zirconia abutments with a wall thickness reduced from 1 mm to 0.8 mm.

mouth are shown in Table 2. In group Ti, the abutment
screws failed without any destruction of the abutments.
In group Zr-8, the failure was represented by either
abutment screw failure or abutment fracture, with the
majority of specimens depicting abutment screw failure.
One test specimen in the aged group Zr-8 failed because
of an implant neck distortion. In test group Zr-18, a
greater number of abutment failure than abutment
screw failure was observed. This was more obvious in
this specific group after artificial aging, with nearly all
specimens failing because of abutment fracture. Similar
to test group Zr-8, the failures in test group Zr-1 were
represented by either abutment screw failure or abut-
ment fracture, with one specimen failing because of
abutment screw fracture.

The fracture mode of the abutments in all test
groups was in a homogenous manner. The failure was in
a form of a total destruction of the ceramic component
of the abutment’s basis. Here, a uniform fracture mode
response was recorded. The zirconia abutments failed
first in the proximity of the implant platform over the
metal part of the abutment, which connects the ceramic
to the implant (see Figure 3).

The abutment screw was identified as the weakest
component in the control group (Ti) and test group
Zr-8, whereas the zirconia abutment was identified as
the weakest component in group Zr-18. Because of
the symmetric distribution of the data, it was not pos-
sible to identify the weakest component in the Zr-1

group.

TABLE 2 Location and Mode of Failure after the Load-to-Fracture Test

Failed Component Status Group Ti Group Zr-8 Group Zr-18 Group Zr-1
Abutment Initial 0 3 5 3
Aged 0 2 7 4
Screw bending Initial 8 5 3 5
Aged 8 5 1 3
Screw fracture Initial 0 0 0 0
Aged 0 0 0 1
Implant neck distortion Initial 0 0 0 0
Aged 0 1 0 0

Ti = titanium; Zr = zirconia.



DISCUSSION

Prefabricated zirconia abutments are being imple-
mented as an easy-to-use and an economic foundation
for implant-supported rehabilitation. In esthetically
demanding regions, especially in areas where the
implants have not been placed in an ideal three-
dimensional position, the use of a prefabricated abut-
ment may limit the esthetic outcome.>” This is mainly
because that these abutments usually allow for a
limited freedom in modifying the abutment’s design
such as wall reduction or relocation of the margins
to a level below the peri-implant marginal mucosa.’
Compared with prefabricated abutments, custom-
made zirconia abutments offer an improved esthetic
integration, as various design characteristics can be
manipulated according to the esthetic requirements.
These abutments are generally being fabricated by
means of CAD/CAM techniques. Despite improve-
ments in the design software and industrial milling,
postfabrication modifications, namely manual abut-
ment preparation in the dental lab, may be additionally
required for further improvement of the esthetic inte-
gration of the abutment. Here, it is well known that
zirconia grinding or milling might induce surface flaws
or microcracks that can influence the mechanical prop-
erties of the material negatively and jeopardize the
abutment’s stability.*>*" To the authors’ knowledge,
studies about the effect of the preparation and wall
thickness on the stability of zirconia implant abut-
ments are not available.

The artificial mouth is a useful tool to evaluate the
performance of different restorations under fatigue.” In
this study, all specimens survived the exposure to the
artificial mouth. The results of fatigue loading are in
accordance with a previous in vitro study, where zirconia
abutment survived the aging process as well.”

Despite common clinical practice, the abutments
were restored with metal crowns instead of all-ceramic
crowns. This allowed not to obscure the cause of
failure, that is, abutment related or crown related. This
specific design has been favored in other studies as
well.?** The results of the load-to-fracture test showed
no significant effect of artificial aging, wall thickness, or
preparation on the resistance of the tested zirconia
abutments. All groups showed mean resistance-to-
fracture values greater than 470 N. In this context,
several studies reported a mean loading force of
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approximately 206 N and maximum biting forces of up
to 290 N in the esthetic zone.”*® In an in vitro study,
unprepared titanium-reinforced zirconia and pure
alumina abutments were compared for their outcome.
After fatigue and static loading, the median fracture
loads were 294 N, 239 N, and 324 N for the zirconia,
alumina, and titanium abutment groups, respectively.”
The authors concluded that titanium-reinforced zirco-
nia abutments perform in a similar manner to metal
abutments, and can therefore be recommended as
an esthetic alternative for the restoration of single
implants in the anterior region. In another in vitro
study, different implant-zirconia abutment combina-
tions were tested for their load fatigue performance.
While no significant differences were found between
the implant systems, differences were observed between
the implant diameters. The authors concluded that
rotational load fatigue testing performance of zirconia
abutments is dependent on the abutment diameter.” A
recent systematic review evaluating laboratory studies
about the resistance of implant abutments with/
without restorations identified nine studies evaluating
zirconia abutments.”” The authors of the current study
additionally identified one further study.”® The majority
of studies identified used implant-supported single
crowns. The resistance-to-fracture values for samples
not subjected to fatigue loading and samples subjected
to fatigue loading ranged from 131N to 737 N and
from 57 N to 593 N, respectively.”” Due to the hetero-
geneity in study design and testing methods employed
in different studies, no meta analysis of the data
was carried out.”” Observing the identified laboratory
studies, it can be noticed that all zirconia abutments
tested were not modified in their dimensions. Due to
the difference in study design, that is, implementation
of preparation and reduction in wall thickness, no
comparison can be preformed between the current
study and previous studies.

Although a common procedure, clinical recommen-
dations about the minimal wall thickness of zirconia
abutments are not available. In this study, the reduced
wall thickness did not yield statistically significant dif-
ferences between and within the tested groups. The
smallest wall thickness used was 0.8 mm. It cannot be
confirmed, however, whether a smaller wall thickness
will lead to a detrimental effect on the stability of the
abutments. Because of different design of zirconia abut-
ments as well as connection characteristics, the current
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results cannot be generalized for other implant systems.
The lack of knowledge about the minimal wall thickness
of zirconia abutments that guarantees proper resistance
implicates the necessity for further evaluation under
laboratory conditions before clinical application.
Generally, it is well known that zirconia material
is highly susceptible to surface modifications and
improper laboratory and clinical handling tech-
niques.”! For example, any subtractive procedure per-
formed after final sintering of the zirconia ceramic,
that is, sandblasting or grinding, will likely result in a

monoclinic phase to appear on the treated surface.”*
This monoclinic transformation will in the first
31,32

instance increase the strength of the restoration.
However, when a crack initiates in that area, there is
no transformation toughening mechanism to oppose
crack propagation available anymore because the tet-
ragonal phase was already transformed.”* Further-
more, grinding or sandblasting of zirconia surfaces is
discussed to induce the formation of surface microc-
racking that could be detrimental to the long-term
performance of the material and lead to unexpected

failures.’®*

In an in vitro study, alumina toug-
hened zirconia and tetragonal zirconium dioxide
poylcrystal-A implants were evaluated for their fracture
load before and after preparation procedure as well as
after fatigue loading.”® The modification of the implant
head using diamond burs and increased loading time
led to a significant decrease in fracture strength of both
implant materials. The authors discussed the subcriti-
cal crack growth as a possible cause for the reduction
of fracture strength. In this study, the preparation of
the zirconia abutments did not yield statistically sig-
nificant difference compared with unprepared abut-
ments. Observing the failure mode, however, it can be
noticed that the prepared zirconia abutments became
the weakest component after fatigue loading. This shift
in the mode of failure can be explained by the effect of
preparation, combined with fatigue loading, in trigger-
ing the above-mentioned mechanism in the zirconia
and consequently leading to degradation in the mate-
rial’s resistance to a level below that of the abutment
screw. Hence, if an abutment preparation is required,
the guidelines for zirconia surface grinding are highly
recommended. These guidelines advocate a stress-free
preparation under water cooling using a fine-grained
cutting diamonds, as followed in the current study,

which may decrease the critical flow size.’"*

CONCLUSION

Within the limits of this in vitro study, it can be con-
cluded that all tested zirconia abutments have the poten-
tial to withstand physiologic occlusal forces in the
anterior region. As the results of this study cannot be
generalized to other implant systems, further studies are
needed to verify the effect of abutment preparation as
well as the wall thickness on the stability of zirconia
implant abutments.
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