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Switzerland. E-mail:
mutluozcan@hotmail.com

Accepted: March 3, 2009

doi: 10.1111/j.1532-849X.2009.00547.x

Abstract
Purpose: The objective of this study was to evaluate the retentive strength of single-
unit crowns with 10◦ and 26◦ taper angles cemented using two surface conditioning
methods.
Materials and Methods: Thirty-two freshly extracted sound human molars were
divided into two groups (n = 16) and prepared in a standardized manner with 10◦ and
26◦ taper angles. All-ceramic (IPS e.max Press) single crowns were fabricated for the
prepared teeth. The crowns were then subdivided into two groups (n = 8), according
to type of surface conditioning for the intaglio surfaces. Half the groups were HF acid
etched and silanized, and the other half were conditioned with tribochemical silica
coating and silanization. The crowns were cemented using adhesive cement (Panavia
F 2.0). Retentive strength was measured in a universal testing machine.
Results: No significant difference was found between the mean retention forces for
both 10◦ and 26◦ taper angles when the crowns were conditioned either with silica
coating (613 ± 190 N and 525 ± 90 N, respectively), or with hydrofluoric (HF) acid
etching and silanization (550 ± 110 N and 490 ± 130 N for 10◦ and 26◦, respectively)
(p = 0.32).
Conclusion: Neither the surface conditioning type, nor the taper angle affected the
retentive strength of IPS e.max Press single-unit crowns when cemented adhesively.
Since silica coating and silanization did not show significant differences from HF acid
gel and silanization, the former can be preferred for conditioning intaglio surfaces
of glass ceramic crowns to avoid the use of the hazardous compound HF acid gel
chairside.

All-ceramics became the common material of choice for single-
unit crowns or multiple-unit fixed partial dentures (FPD) due to
their esthetic appeal as opposed to their metal-ceramic counter-
parts.1 Strong and reliable adhesion could be provided by resin-
based luting systems.2,3 Recently, heat-pressed all-ceramic ma-
terials that contain lithium disilicate as a major crystalline
phase have become available. One such system is IPS e.max
Press, heat-pressed between 890 and 1120◦C, with which sin-
gle crowns or multiple-unit FPDs can be fabricated for both
the anterior and posterior region of the mouth. The lithium
disilicate-containing ceramics have sufficient flexural strength
(350 to 400 MPa) and fracture toughness (3.2 MPa.m1/2), ex-
tending their range of clinical applications.4 With heat-pressed
ceramics, large pores caused by non-uniform mixing, extensive
grain growth, or secondary crystallization that occurs often dur-

ing sintering can be avoided.5 Longevity of all-ceramic FPDs
mainly rely on adequate adhesion of the resin-based luting ce-
ments both to the tooth tissues and the ceramic surface.4

Adhesion of luting cements increases the fracture resistance
of the tooth and the restoration itself. It also increases the
retention of the restoration and minimizes microleakage that
may play a role in the biological success of the restoration.2,6,7

Predictable adhesion between resin luting cements and glassy
matrix ceramics is usually created by several mechanisms. Mi-
cromechanical retention provided by hydrofluoric (HF) acid
etching followed by the application of a silane coupling agent is
one of the most commonly accepted conditioning methods.8-11

Bonding of the resin occurs by an additional polymerization re-
action between methacrylate groups of the resin matrix and the
silane molecule.12 Moreover, a silane coupling agent enhances
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the ceramic-resin adhesion by promoting the wettability of the
ceramic surface, thus making the penetration of the resin into
the microscopic porosities of the conditioned ceramic surface
more ideal.13-18 Since HF acid gel is a poisonous and caustic
compound, it presents a potential health hazard due to its toxi-
city and volatility.11 As an alternative to HF acid gel, advances
in adhesive dentistry have resulted in the introduction of mod-
ern surface conditioning methods. Silica coating and silaniza-
tion is one of these methods. In this technique, the surfaces
of the restorative materials are airborne particle abraded with
aluminum trioxide particles modified with silica. The blasting
pressure results in the embedding of these particles on the ce-
ramic surface, rendering the silica-modified surface chemically
more reactive to the resin through silane coupling agents.19-21

Retention of the single-unit crowns is also dominated by the
taper angle-–the angle of convergence between the opposing
axial walls. The retention of FPDs has been shown to depend
on the taper angle: the smaller the taper angle, the higher the
retention.22 The maximum retention is obtained between 6 and
12◦.22 In practice, ideal axial wall convergence may not be
routinely obtained. Studies have reported mean taper angles
ranging from 3 to 26◦.23-28 Among several factors, lack of
retention was shown to be a common reason for failure of
FPDs.29-31

It is, however, not known whether retention obtained with
surface conditioning could be impaired when single-unit
crowns have an increased taper angle. To the authors’ knowl-
edge, no study has been conducted comparing the surface con-
ditioning and the retentive properties of all-ceramic single-unit
crowns in conjunction with the taper angle. The objective of
this study, therefore, was to evaluate the retentive strength of
single-unit crowns with 10◦ or 26◦ taper angles when crowns
were cemented using two surface conditioning methods. The
research hypothesis was that increased taper angle would result
in decreased retention, regardless of the surface conditioning
method.

Materials and methods
Thirty-two recently extracted sound human molars were used
for this study. Upon collection, adhering soft tissues and blood
were removed under running water. The teeth were stored in a
1% chloramine-B hydrate disinfectant solution for a week32 and
then stored in distilled water until use. Undercuts were prepared
in the roots of the teeth. The teeth were then mounted in metal
rings with their coronal parts upwards using an autopolymeriz-
ing acrylic resin (Meliodent, Bayer Dent, Newburg, Germany).

Teeth were randomly divided into two groups (n = 16) ac-
cording to the degree of taper angle. While axial walls of half
of the teeth were prepared with 10◦, the other half was prepared
with 26◦ under controlled conditions. The occlusal surface of
each specimen was reduced to a flat plane perpendicular to the
long axis. All the resulting preparations had the same coronal
height (3 mm). The preparations were performed on a lathe
(AB Machine Tools LTD. SGia M/C No. 17531, Edmonton,
Canada) using a cross-slide carbide insert tool at a speed of
400 rpm under coolant water.33 Burs of 125 μm and 30 μm
torpedo-shaped, and 125 μm and 30 μm conical-shaped dia-
monds (Komet, Lemgo, Germany) were used.33 New burs were

Figure 1 IPS e.max Press crown with overhanging margins on the tooth
embedded in the metal ring in PMMA.

used after preparation of every four teeth. Preparations were
made by one operator throughout the experiment. After prepa-
ration, the teeth were stored in distilled water until cementation
process.

The impression of each prepared tooth was made
with poly(vinyl siloxane) (Coltene, Whaledent, Altstätten,
Switzerland) and poured with type IV improved plaster (GC,
Fuji Rock, Leuven, Belgium) to obtain stone dies. Each stone
die was carefully removed from the impression and examined
for presence of air bubbles or other defects. Then die spacer
was applied to the stone dies, 1 mm above the cervical end of
the preparation to ensure good marginal fit.

Single-unit all-ceramic IPS e.max Press (Ivoclar Vivadent,
Schaan, Liechtenstein) crowns were fabricated using the lost-
wax technique and by pressure injection of ceramic ingots in
the EP500 furnace (Ivoclar Vivadent) following the manufac-
turer’s recommendations. The crowns were constructed with
overhanging margins in the completed crown restorations from
which the crowns were pulled to accomplish the retention test
(Fig 1).33 The crowns had flat occlusal surfaces, 2 mm at the
occlusal, 2 mm at the axial, and 1.5 mm at the margins. The
produced ceramic crowns were randomly divided into two sub-
groups for two surface conditioning methods.

The intaglio surfaces of one group of crowns were condi-
tioned with 5% HF acid gel (IPS Empress HF gel, Ivoclar
Vivadent) for 20 seconds, rinsed for 30 seconds, and dried with
compressed oil-free air for 30 seconds.3 This was followed by
application of the silane coupling agent (3M ESPE, Seefeld,
Germany) that was allowed to evaporate for 3 minutes and air-
dried for 30 seconds.3 The intaglio surfaces of the other group of
crowns were treated with air abrasion with aluminium-dioxide-
modified particles at a pressure of 3 bar from a distance of
10 mm for 13 seconds,21 followed by application of the silane
coupling agent that was allowed to evaporate for 3 minutes and
air-dried for 30 seconds.

All teeth were cemented according to the protocol of Panavia
F 2.0 (Kuraray Medical Inc., Osaka, Japan) following the man-
ufacturer’s recommendations. A thin film of luting agent was
applied to the intaglio surface of the crowns with a plastic in-
strument. The crowns were seated on their corresponding tooth
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Figure 2 Apparatus for retentive strength measurement.

under a constant load of 5 kg for 10 minutes. Excess was re-
moved using microbrushes.

A longitudinally split cylindrical steel tube (10 cm long) was
reassembled using two steel screws.33 The lower end of the tube
was designed to accommodate the overhanging margins of the
cemented crowns. The upper end of the tube was designed to
be attached to the moving jig of the universal testing machine
(Lloyd Instruments LTD, West Fareham, UK) (Fig 2). Each
cemented specimen was fixed to the table of the testing machine,
and debonding force was determined. Cemented crowns were
pulled off along the path of insertion with a crosshead speed
of 10 mm/min, and the maximum force to debond each crown
was considered as retentive strength. Maximum pull-out force
of the jig of the universal testing machine was set to 2000 N.

Statistical analysis was performed using SAS System for
Windows, version 8.02/2001 (Cary, NC). The means of each
group were analyzed using two-way ANOVA. Tukey’s test was
used with the retentive force being the dependent variable and
the taper angles and surface conditioning methods as indepen-
dent variable. p values less than 0.05 were considered to be
statistically significant in all tests.

Results
No significant difference was found between the mean retention
forces for both 10◦ and 26◦ taper angle when the crowns were
conditioned either with silica coating (613 ± 190 N and 525 ±
90 N, respectively) or HF acid etched and silanized (550 ± 110
N and 490 ± 130 N for 10◦ and 26◦, respectively) (f = 3.39;
p = 0.32) (Table 1). Multiple statistical comparisons between
the experimental groups according to Tukey’s test are presented
in Table 2.

Table 1 Mean retentive strength (N) (± standard deviations) of IPS

e.max Press crowns. Same superscript letters in a row indicate no sig-

nificant differences (α = 0.05)

10◦ taper 26◦ taper p
angle angle values

Silica coating and silanization 613 ± 190a 525 ± 90a p > 0.05
HF acid etching and silanization 550 ± 110a 490 ± 130a p > 0.05

Table 2 Multiple comparisons between the experimental groups in

terms of statistical differences

Silica-coating and HF acid etching
silanization/26◦ and silanization/26◦

taper angle taper angle

Silica-coating and
silanization/10◦ taper
angle

0.370 0.35

HF acid etching and
silanization/10◦ taper
angle

0.778 0.991

Discussion
Since retention has always been a concern in prosthetic den-
tistry, this study was undertaken to evaluate the retentive
strength of all-ceramic single crowns as a function of taper
angle and surface conditioning. The most difficult technical as-
pect of this study was connecting the all-ceramic crowns to the
upper jig of the universal testing machine without damaging the
crowns themselves during the retention test. Based on several
pilot tests, a special cylindrical metal tube was designed to ac-
commodate the overhanging margins of the cemented crowns
that did not cause any breakage of the crowns during force
application. Two taper angles were studied (10◦, 26◦) where
the latter was reported by Nordland et al as the extreme oc-
clusal tapering that could affect the retention of crowns.27 On
the other hand, a 10◦ taper angle was chosen because Weed
and Baez25 and Dodge et al26 found non-significant retention
values between the preparations made with 3◦ to 16◦ taper an-
gles. Although there was a trend for higher retention values
with a 10◦ taper angle with both surface-conditioning meth-
ods studied, no significant effect of taper angle was found on
the retention. Therefore, the hypothesis was rejected. The rea-
son for this could be attributed to the luting cement (Panavia
F2.0) used, as it adheres to both the tooth structure and the
crown substrate mechanically and chemically. Also, the use of
silane-coupling agents as adhesive promoters, capable of form-
ing chemical bonds to organic and inorganic surfaces, con-
tributes further to the adhesion of the cement to the ceramic
surfaces, thereby the retention. Even though higher mean re-
tention values were recorded with tribochemical silica coating
and silanization, the results were not significant as compared
to that of HF acid-treated groups. Tribochemical silica coating
and silanization increases the silica content on the ceramic sur-
face and enhances the adhesion between the ceramic surface
and the luting cement. On the other hand, the obtained micro-
porosity increases the surface area and makes micromechanical
interlocking of the resin possible. In spite of that, conditioning
method did not affect the retention results significantly. A pre-
vious clinical study with zirconia ceramic, where adhesion of
the resin cement is much inferior compared to glassy matrix
ceramics, has also reported that silica coating was not neces-
sary for the cementation of zirconia;33 however, glass matrix
ceramics cannot be compared with oxide-based ceramics such
as zirconia in terms of cementation protocols. Zirconia is an
inherently stronger material than glass ceramics, and therefore
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the latter needs to be adhesively cemented to improve their
tensile strength.

Although no clinical report exists in the dental literature
regarding the hazardous consequences of HF acid gel, caution
should be exercised when handling this material. Based on the
insignificant differences between the two surface conditioning
methods, and considering the possible hazardous effects and
the non-significant differences between HF acid etching and
silica coating, clinicians may consider the use of the latter for
safer application; however, after both conditioning methods,
silane application is compulsory,12,21 and silica coating requires
additional armamentarium in the dental practice, adding to the
cost of this conditioning system.

In this study, the coronal length of the preparations was kept
at 3 mm, similar to a previous study.33 This coronal length could
be considered as the minimum where mechanical retention may
be impaired. Longer preparations or smaller taper angles, where
available, may contribute to better retention. Nevertheless, both
factors could be compensated for with the adhesive luting ce-
ment tested. Because no aging conditions were implemented,
the results represent early clinical failures. Further in vitro stud-
ies are needed using a similar methodology but with long-term
storage in an aqueous medium to investigate whether the reten-
tion of such crowns would be affected. Furthermore, clinical
studies should incorporate factors associated with retention to
find out the most dominant factor playing a role in retention of
such restorations.

Conclusion
From this study, the following could be concluded:

1. neither the surface conditioning type nor the taper angle
affected the retentive strength of IPS e.max Press single-
unit crowns when cemented adhesively;

2. since silica coating and silanization did not show signif-
icant differences from HF acid gel and silanization, the
former can be preferred for conditioning intaglio surfaces
of glass ceramic crowns to avoid the use of the hazardous
compound HF acid gel.
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