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INTRODUCTION

F

unctional and biological success of implant-supported
restorations has raised the bar on the definition of
treatment sucess in the form of additional criteria, such
as esthetics.1 Conventional titanium abutments show
high longevity due to their physical properties.2 Nevertheless,
when titanium abutments are used in patients with a thin
periodontal phenotype, a gray shadow becomes noticeable
through the mucosa transpiring the metal component, thus
compromising the esthetic outcome.3,4
Esthetic deficiencies relating to titanium have encouraged
the development of ceramic materials as an alternative for
highly esthetic areas.1 Prestipino and Ingber5 proposed the use
of the first ceramic abutments, which were made of aluminareinforced ceramic. In search of a ceramic material for
abutments with better physical properties, yttrium-stabilized
zirconia was introduced in 1996, with a fracture resistance
approximately twice that of alumina.6 As well as esthetics, such
ceramics display similar biocompatibility to titanium7 and a low
degree of biofilm adherence.8 Zirconia abutments can be
São Leopoldo Mandic Institute and Dental Research Center, Campinas/SP,
Brazil.
* Corresponding author, e-mail: biagomes@yahoo.com
DOI: 10.1563/aaid-joi-D-16-00018

customized creating a more superficial crown-abutment line of
cement in relation to the gingival margin, placed slightly into
the crevicular sulcus.9
The base of the of zirconia abutment, which is the region
that connects to the implant platform, has a high incidence of
stress; this can lead to failures in the single-piece zirconia
abutments.10 To ameliorate this drawback, a titanium base can
be screwed into the implant onto which the customized
zirconia abutment can be cemented.10–13 Retention of the
titanium-based zirconia-abutment is therefore achieved via the
cement.11
Resin cements are commonly used for fixing restorations
(ceramic or resin) and can be bonded to both the tooth
structure and the restoration, resulting in good esthetic and
mechanical properties.14 These cements are composed of
methacrylate monomers with different molecular weights and
inorganic particles treated with silane. The curing mechanisms
of such materials can be chemical, light-induced, or dual. Dualactivation cements have both forms of polymerization (chemical and physical) that are supplementary yet not independent.15 Several factors can influence cement polymerization—
such as chemical composition, thickness, opacity, and the
shade of the ceramic material that can attenuate the passage of
light—that can result in a decreased polymerization capacity of
the cement.16 Chemical or dual-cure cements have been
suggested to cement zirconia abutments onto the titanium
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The purpose of this study was to evaluate the effects of steam autoclave sterilization on the tensile strength of two types of resin cements
used to bond customized CAD/CAM zirconia abutments onto titanium bases. Forty sets of zirconia abutments cemented to screwed
titanium bases of implants analogs were divided into 4 groups (n ¼ 10). Two groups were treated with a conventional chemically activated
resin cement (ML, Multilink Ivoclar Vivadent) and the other two groups with a self-adhesive dual resin cement (RelyX U200, 3M ESPE). One
group from each cement was submitted to steam autoclaving. The autoclave sterilization cycle was performed after 72 hours of
cementation for 15 minutes at 1218C and 2.1 Kgf/cm2. The samples were subjected to tensile strength testing in a universal testing
machine (200 Kgf, 0.5 mm/min), from which the means and standard deviations were obtained in Newtons. Results showed (via ANOVA
and Tukey’s test; a ¼ 0.05) that in the absence of steam autoclaving, no difference was observed in tensile strength between the cements
tested: ML: 344.87 (93.79) and U200: 280 (92.42) (P ¼ .314). Steam autoclaving, however, significantly increased tensile strength for the ML:
465.42 (87.87) compared to U200: 289.10 (49.02) (P , .001). Despite the significant increase in the ML samples (P ¼ .013), autoclaving did
not affect the tensile strength of the U200 samples (P . 0.05). The authors concluded that steam autoclaving increases the mean tensile
strength of the chemically activated cement compared to the dual-cure self-adhesive cement. The performance of both cements
evaluated was similar if the sterilization step was disconsidered.

Sterilization and Two-Piece Zirconia Abutment

TABLE 1
Composition, lots, and manufacturers’ instructions of cements used*
Brand and Batch No.

Composition

Mixing Instructions

Ivoclar Vivadent,
Schaan, Liechtenstein,
Germany

Bis-EMA ethoxylate, UDMA, Bis-GMA
and HEMA, barium glass,
ytterbium trifluoride, and
spheroidal mixed oxides.

RelyX U200 Clicker 499518

3M ESPE, St Paul, Minn

Methacrylate monomers containing
phosphoric groups, silanized silica,
calcium hydroxide, titanium
dioxide, dimethacrylates, dyes,
camphorquinone, primers for selfreaction.

Multilink is dispensed from the syringe
in the correct ratio through
simultaneous dosing on a mixing pad.
Manual mixing of base and catalyst
pastes for 10 sec and application to
the desired surface.
RelyX U200 is dispensed through the
clicker system with a simultaneous
dosage. Manual mixing of base and
catalyst pastes on a mixing pad for 10
sec and application to the desired
surface.

*Bis-EMA indicates ethoxylated bisphenol-A dimethacrylate; UDMA, urethane dimethacrylate; Bis-GMA, bisphenol-glycidyl-methacrylate; HEMA, 2hydroxydoethyl methacrylate.

base because of the difficulty of cement light curing under the
zirconia abutment.15 The maximum human bite force may
range from 90 to 370N, averaging 270N. In such scenario,
abutment cementation onto titanium bases should be able to
bear such forces, including masticatory movements. The
cementation line should not come loose while the prosthetic
restoration remains in function in the oral cavity,17 thus
reiterating the importance of adequate mechanical properties
of the cement.14
The cementation step introduces a handling stage that may
risk bacterial contamination of the surfaces in contact with the
cement. Therefore, cementation of the zirconia abutment to
the titanium base should be performed prior to sterilization so
that a bacteria-free surface can be obtained, increasing the
chances of epithelial adhesion and thus reducing the risk of
peri-implantitis.18,19 However, the effect of sterilization on the
zirconia-titanium abutment interface when chemically or dualcure cements are used is yet unknown. The temperature and
pressure of the steam autoclaving method may affect the
zirconia-titanium bonding interface.
Therefore, the aim of this study was to evaluate the effect
of steam autoclave sterilization on the tensile strength of two
types of resin cements, a conventional chemically activated
resin cement (Multilink Ivoclar Vivadent, Schaan, Liechtenstein,
Germany) and a dual cure self-adhesive resin cement (RelyX
U200, 3M ESPE, St Paul, Minn) used to bond customized CAD/
CAM zirconia abutments onto titanium bases. The null
hypothesis tested was that different types of resin cements
and steam autoclaving did not affect the tensile strength of
zirconia abutments bonded to titanium bases.

MATERIALS

AND

METHODS

Experimental design
The experimental units consisted of 40 samples of customized
CAD/CAM zirconia abutments cemented onto titanium bases
screwed onto implant analogs. The response variable was the
tensile strength of zirconia abutments. The study factors were
‘‘cements’’ on two levels: conventional chemically activated
resin cement (Multilink, Ivoclar Vivadent, Schaan) and dual-cure
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self-adhesive resin cement (Rely X U200 3M ESPE) and
‘‘autoclaving’’ on two levels: without steam autoclaving
(control) and steam autoclaving 72 hours after the cementation. The studied factors were assigned to experimental units
randomly forming four experimental groups (n ¼ 10): group 1:
chemically activated resin cement (Multilink) without sterilization; group 2: self-adhesive resin cement (RelyX U200) without
sterilization; group 3: chemically activated resin cement (Multilink) with sterilization; group 4: self-adhesive resin cement
(RelyX U200) with sterilization. Two cementing agents used in
this study and their characteristics are described in Table 1.
Test specimens and cementation procedures
Forty customized zirconia abutments (InCoris Zr, Sirona Dental
Systems, New York, NY) were obtained by milling in a CAD/CAM
system (in Lab, Sirona Dental Systems), and subsequent
sintering designed without a central perforation through which
the retaining screw would be activated, stabilizing the titanium
base connected to the platform of the implant analog. The
abutments were made of zirconia measuring 4 mm in height, 7
mm in outer diameter, with a wall thickness of 1.5 mm.
The 40 zirconia abutments were cemented over 40 titanium
bases (Abutment–Amplified cemented cylinder, P-I Brånemark
Philosophy, Sävedalen, Sweden). The titanium base has a mild
vertical taper and a seating ring of 4.75 mm in diameter (Figure
1). The abutments were made of zirconia with a 1.1-mm
shoulder beyond the edge (overcontour) of the titanium
seating ring (Figure 2).
The titanium bases were sandblasted for 10 seconds from a
10-mm distance using 50-micron aluminum oxide particles, 2
bar of pressure and a rotating movement.
All 40 zirconia abutments were cleaned internally with
isopropyl alcohol and received a layer of zirconia primer
(applied with a disposable brush for 180 seconds) and then
scattered with jets of air (Metal/Zirconia Primer, Ivoclar
Vivadent, Schaan).
The cements were handled according to manufacturer
recommendations (Table 1) in a controlled temperature room
at 24 6 18C. The amount of cement used was 0.3 grams. A
disposable brush was used to carry and apply the cement to
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the titanium bases, and the internal surface of the abutments
was carried out using a disposable microbrush. The screw
access holes in the titanium bases were sealed with polytetrafluoroethylene tape (Amanco, São Paulo/SP, Brazil) prior to
cement application. The abutments were accommodated
manually onto the bases using finger pressure. The excess
cement found around the samples was removed with a brush
and then placed in a manual press under 5 kg of pressure for 10
minutes.20
The samples cemented with the dual-cure self-adhesive
cement U200 were then light-cured for 40 seconds on each side
using an LED light set to 1200 mW/cm2 (Call Radii, SDI,
Bayswater, Victoria, Australia).
Steam autoclaving
After 72 hours, the specimens from groups 3 and 4 were placed
in special autoclaving pouches made from surgical grade paper
and laminated polyester film/polypropylene. They were sterilized in a 15-minute cycle at 121 centigrades and under 2.1 Kgf/
cm2 of pressure (Autoclave AHMC 21L, Sercon Industry and
Commerce, Mogi das Cruzes/SP, Brazil). Groups 1 and 2 were
stored in an incubator at 378C during the sterilization period.
Tensile strength test
All samples were subjected to tensile testing in a universal
testing machine (DL2000, EMIC, São José dos Pinhais/PR, Brazil)
at a speed of 0.5 mm/min and a load cell of 200 Kgf.
For the tests to be performed securely, a special device was
custom made so that no artifact needed to be welded onto the

abutment and the analog. A threaded metal device was
prepared to permit that the analog passed through it21 (Figure
3). The 1.1-mm abutment overhang made of zirconia was used
as retention by mechanical imbrication for the tensile test,
which allowed it to become trapped inside the device. A
second device was used so that the slot in the apical portion of
the analog of the hexagonal abutment fit and remained locked
during the test.
Resin cement residue index
The resin cement residue index was evaluated for each sample
tested under a 3.53 optical magnification (SurgiTel FrontMounted Lens, TTL, Ann Arbor, Mich). Each sample was
classified into one of three scores: A, resin cement fully
adhered to the zirconia abutment; B, resin cement fully
adhered to the titanium base; C, mixed.
Statistical analysis
The data were submitted to the two-way (cement and
autoclaving) analysis of variance (two-way ANOVA). The
comparison between the groups was performed using the
Tukey test. All tests adopted a statistical significance level of
5%.

DISCUSSION

Zirconia abutments are used because of their esthetic
advantage over titanium abutments in patients with a thin

TABLE 2
Mean tensile strength values (standard deviation) for the resin cements with or without steam autoclave sterilization*
Sterilization
Cement

With

Without

Self-cure resin cement (Multilink)
Self-adhesive resin cement (U200)

344.87 (93.79) Aa
280.06 (92.42) Aa

465.42 (87.87) Ba
289.10 (49.02) Ab

*Different capital letters indicate a significant difference between autoclaving treatments. Different lowercase letters indicate a significant difference
between cement treatments.
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FIGURES 1 AND 2. FIGURE 1. Abutment-Amplified cemented cylinder (P-I Branemark Philosophy). FIGURE 2. Relationship between the thickness
of the Ti base ring and the Zr abutment.

Sterilization and Two-Piece Zirconia Abutment

gingival biotype. It is known, however, that single-piece
zirconia abutments may show mechanical incompatibility,
leading to loosening of the implant screw, wear of the interface
between the implant and the abutment, and an increased
marginal gap.10,22 Therefore, an intermediate titanium component is recommended.23 The use of chemically activated or
dual-cure cements is generally advised when cementing twopiece zirconia abutments because of the difficulty of light
curing under the zirconia abutment.12,24
In the absence of sterilization, the tensile strength was
similar for both groups tested. This result is consistent with
those by Gehrke et al.,12 who also found no difference between
90
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the resin cements regarding the tensile strength of two-piece
zirconia abutments. Similar performance between the cements
can be justified on the similarity in composition between the
materials used.
The Multilink material is classified as a conventional
chemically activated cement composed of Bis-EMA, ethoxylated
UDMA, Bis-GMA, HEMA, barium glass, ytterbium trifluoride, and
spheroidal mixed oxides. A primer is also part of the bonding
system, which should be applied on both metal and zirconia
surfaces when they are to be bonded together.25 RelyX U200 is
classified as a dual-cure self-adhesive cement. It does not
require pretreatment of the tooth surface, as it is composed of
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FIGURE 3. (A) Schematic outline of the device used for the test. a: Metal device that was turned internally, so that the portion of the analog
and the zirconia abutment would pass through it (this device is connected to the load cell); b: another device was made by hollowing a
steel cylinder so the groove in the apical portion of the implant analog would fit and remain fixed (this device is attached to the base of
the universal test machine); c: device screwed into a metal apparatus to secure the zirconia abutment in position; d: zirconia abutment; e:
implant analog. (B) Tensile test moment.
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FIGURES 4–6. FIGURE 4. (a) Illustration of the resin cement fully adhered to the zirconia abutment. (b) Implant analog without resin cement.
FIGURE 5. (a) Ilustration of the zirconia abutment without resin cement. (b) Resin cement fully adhered to the titanium base. FIGURE 6. (a and
b) Illustration showing the mixed fracture mode of the resin cement in the zirconia abutment and adhered to the titanium base.

multifunctional methacrylates of phosphoric acid (acidic
monomers), silanized silica, calcium hydroxide, titanium dioxide, dimethacrylates, dyes, camphorquinone, and primers for
chemical curing.26 Both cements have similar chemical
compositions.

Another factor that may explain the similar performances
by both cements would be the curing time allowed prior to the
tensile test. A minimum of 48 hours of polymerization was
guarded, as deemed suitable for both conventional chemically
activated and dual-cure self-adhesive cements.27 Ferracane28
Journal of Oral Implantology
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TABLE 3
Absolute and relative frequency (%) of the residual resin cement index after the tensile test

Completely adhered to the zirconia abutment
Completely adhered to the titanium base
Mixed

Multilink Without
Autoclaving (%)

U200 Without
Autoclaving (%)

Multilink With
Autoclaving (%)

U200 With
Autoclaving (%)

1–10
0–0
9–90

0–0
1–10
9–90

0–0
4–40
6–60

0–0
4–40
6–60
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than thermal cycling and mechanical cycling, particularly in
terms of fracture resistance of zirconia abutments.33
Based on the results of the present study, the feasibility of
using either cementation protocols for customized zirconia
abutments onto titanium bases was confirmed. This approach
would bring functional, biological and esthetic benefits for
cases of single-unit implant in highly esthetic areas. Additionally, the sterilization process positively influenced the mechanical properties of the cement, thus adding to the biological
benefit of such an approach. Therefore, autoclaving may be
used prior to final installation of customized abutments.

RESULTS

The analysis of variance showed a significant effect of the study
factor ‘‘cement’’ (P ¼ .0001) and ‘‘steam autoclaving’’ (P ¼ .018),
and the interaction cement autoclaving (P = .04) on the tensile
strength. The Tukey test revealed that in the absence of
autoclaving, the average tensile strength was not significantly
different between the cements (P = .314), however, the samples
cemented with the conventional chemically activated cement
had higher average tensile strength values compared to the
dual cure self-adhesive cement when they were subjected to
autoclaving (P , .001) (Table 2).
Furthermore, autoclaving significantly increased the tensile
strength of the samples that used conventional chemically
activated cement (P ¼ .013). For the dual self-adhesive cement,
no influence of autoclaving in the average tensile strength was
observed. Regarding the residual resin cement index, Table 3
illustrates that in the nonautoclaved group, most failures were
mixed (90%) whereas in the autoclaved group, the majority of
the failures were mixed (60%) or fully adhered to the titanium
abutment (40%). Figures 4 to 6 illustrate the residual resin
cement index.

CONCLUSION

The results show that steam autoclaving increases the mean
tensile strength of the chemically activated cement compared
to the dual-cure self-adhesive cement. If the sterilization step
was not considered, the performance of both cements
evaluated was similar

ABBREVIATION
Bis-EMA: ethoxylated bisphenol-A dimethacrylate
Bis-GMA: bisphenol-glycidyl-methacrylate
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found that after the first 5–10 min of curing, the increase in the
degree of conversion (DC) was linear with time over 24 hours;
however, such DC increase was not observed for any other
resin in 48 hours.
In addition, in the present study, a zirconia primer was used
for all 40 abutments to optimize the bond between zirconia
and the resin cements,26 which can also justify the similar
performance of the cements before steam autoclave sterilization. Keul et al.29 reported that ceramic primers in combination
with adhesive resin cements demonstrated a positive effect on
the shear strength to zirconia and should, therefore, be
recommended for cementation.
A significant increase in tensile strength was observed after
sterilization for the chemically activated resin cement (Multilink), thus rejecting the null hypothesis. This result can be
explained by the possible increase in the density of crosslinking
upon exposure to heat and pressure during autoclaving. The
chemically activated cement forms more linear polymer chains
than will dual-cure cements, which may have (after sterilization)
experienced an increase in crosslinking, favoring higher values
of tensile strength.28,30 In dual-cure cements, light curing
triggers a faster polymerization rate, further limiting crosslinking. Additional polymerization methods (such as light, heat,
and pressure) have been tested on resin materials and been
shown to improve their mechanical characteristics,31,32 which
could explain the findings of the present study.
The residual resin cement index after the tensile test was
found to be mostly of the mixed type. This may be related to
the internal treatment of the ceramic (primer application for all
groups) and sandblasting of the titanium base. However, after
sterilization, we observed an increase in bonding failures with
the zirconia. This may be due to changes in the physical
properties of the cement, resulting in an increase in cohesive
strength and consequently greater adhesion to the titanium
surface due to sandblasting.
Finally, translating the results from this in vitro study into
clinical scenarios, the tensile results were 465.42 6 87,87N for
the conventional chemically activated cement and 289.10 6
49,02N for the dual cure self-adhesive cement subjected to
steam autoclaving, which, despite the statistical difference,
would be sufficient strength in either case to tolerate
masticatory loads.17
Additionally, it is possible that steam autoclaving could
have had a clinically significant impact on the zirconia. In fact,
Bası́lio et al.33 evaluated the effect of mechanical cycling, steam
autoclaving, and thermal cycling on the fracture load, phase
stability, and surface microstructure of a Y-TZP abutment. Their
results revealed that steam autoclaving was less deleterious

Fadanelli et al
DC: degree of conversion
HEMA: 2-hydroxydoethyl methacrylate
UDMA: urethane dimethacrylate
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