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ABSTRACT

Objective: To evaluate the effect of different cement gap on retention of zirconia crowns cemented with resin cement.
Materials and methods: Thirty natural human molar teeth were collected and mounted in an acrylic mold. Teeth were prepared
through CNC, and then zirconia crowns fabricated by CAD/CAM. Samples were divided into 3 subgroups according to the cement
gap (CG) (n=10): 25um (CG25), S0um (CG50), 100pm (CG100). Zirconia crowns cemented with Breeze Self-Adhesive Resin
Cement. Samples were thermocycled for 5000 cycles between two water baths at 5°C and 55°C with a dwell time of 20 seconds
and 10 seconds of transfer time. Samples were subjected to tensile test, dislodgment force recorded in MPa. Results: No significant
difference was found between mean pull-out bond strength at different cement gaps. Conclusion: The 25 um cement gap gave the
best retention for zirconia restorations.
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INTRODUCTION

Retention and accurate fit of extra coronal
restorations are of prime concern for both the dentist
as well as the patient. Displacement of the fixed
dental prosthesis is best prevented by proper tooth
preparation, by closely adapted internal surface
and margin. Cementation variables such as type of
cement, physical and mechanical properties of the
luting agent, placement techniques, seating force,
and environmental conditions also play essential
roles on the long-term success of restorations”.

Dental luting agents serve as a link between the
prepared supporting tooth and FDPs. During the
last decades, dental luting cements have evolved
with a rapid rate, among these newly introduced
luting cements is the bioactive luting cement.
These cements fall under a well-known and long-
standing group of dental and medical materials:
the chemically bonded ceramic (CBC) cements.
These cements are water-based and hence also
often termed “hydraulic” cements. This group of

dental materials is set by an acid-base reaction that
is the basis of CBC cements in dentistry. This trend
is further defined by three significant functional
aspects: (1) adhesion to the tooth structure, (2)
continuous release of measurable levels of fluoride,
and (3) an increasing trend toward the development,
use, or incorporation resin methacrylate chemistry
in dental restorative materials and cements®?.

Aim of this study was to evaluate the effect of
cement gap on the retention of zirconia crowns. The
hypothesis was that the smallest cement gap would
give the highest retention.

MATERIAL AND METHOD

A total of 30 extracted natural molar teeth were
used in the study. Teeth were checked under a
magnifying glass to be free from caries, debris, or
crack. The teeth were randomly assigned in three
groups (n=10) according to the used cement gap
(CG) setting in the CAD system; 25um (CG25),
50pum (CG50), and 100pm (CG100).
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Teeth were embedded vertically into acrylic resin
blocks. Preparation was done so that the occlusal sur-
face was flat, with a 1mm round shoulder finish line,
4mm height, and a total convergence angle of 20°.

An optical impression of each abutment was
made with the Medit i500 (Medit, Seoul, Korea)
intraoral camera. Zirconia coping was designed in
wax with an enlarged projection on the occlusal
portion of zirconia coping designed to be 5-mm
thick. A 2-mm hole added manually on the occlusal
portion of the design to provide a way of pulling the
coping during retention testing.

Using exocad software (Exocad GmbH, Darm-
stadt, Germany), scans were modified to allow 25-
um, 50 pm, and100 pum relief (cement gap). Roland
dwx 50 (Roland DG Corp) was used to mill the cop-
ing from DD Bio Z — High Strength (HS) (Dental
Direkt, Spenge, Germany), burs were changed after
five millings, to control any variability in bur wear.
Zirconia copings were sintered according to the
manufacturer’s instructions.

Sandblasting was carried out to zirconia copings
using 50 pum Aluminum oxide particles (ALO,)
applied perpendicular to the surface, using an
airborne particle-abrasive device. The specimens
were held at a distance of 10 mm between the surface
of the sample and the blasting tip. Air-abrasion was
performed for 15 seconds, with 3 bar pressure.
Samples were cleaned by ultrasonic cleaner for one
minute.

The scanned abutments .obj files were used to
calculate the surface area (mm?) of the prepared
tooth using the software Meshlab 2016.

Breeze self-adhesive cement (auto-mix) was
used according to manufacturer’s instruction, and a
static load of 50 N placed over the samples for 5
minutes using a specially designed loading device,
excess cement was removed after initial setting.
After complete setting and polymerization of the
luting cements, samples were placed in distilled
water for 24 hours to allow the relief of internal
stresses of the cement.
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All samples undergone thermocycling for 5000
cycles between two water baths at 5°C and 55°C
with a dwell time of 20 seconds in each bath and 10
seconds of transfer time.

Retention was measured by Universal Testing
Machine (Model 3345; Instron Industrial Products,
Norwood, USA) with a load cell of 5 kN. Data was
recorded using computer software (Bluehill Lite;
Instron Instruments). The crown was suspended
from the upper movable compartment of the testing
machine by an orthodontic wire loop (0.7 mm)
through the hole at occlusal projections made during
milling, while the epoxy base of the sample secured
at the bottom of the testing machine. The device
was subjected to a slowly increasing vertical load
(Imm/min) until total dislodgment of the crown.
The force required to dislodgment was recorded in
Newton (N).The retention force was calculated in
MPa by the formula:

Retention (MPa) =
Debonding Force (N)

Total Bonding Surface Area of Preparation (mm?)

RESULTS

There was no statistically significant difference
between mean pull-out bond strength at difference
cement gaps (p-value = 0.285, Effect size = 0.069),
figure (1) and table (1).

( )
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FIG (1) Bar chart representing mean and standard deviation
values for pull-out bond strength with different interac-
tions of variables
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TABLE (1) The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison
between pull-out bond strength values with different interactions of variables

Resin cement

Cement gap p-value Effect size (Partial eta squared)
Mean SD

25 2.25 0.51 0.256 0.037

S50 1.94 0.6 0.014* 0.160

100 p 1.84 0.1 0.484 0.014

P-value 0.285

Effect size (Partial eta squared) 0.069

*: Significant at p < 0.05, Different superscripts in the same column indicate statistically significant differences

between cement gaps

DISCUSSION

In the present study, the influence of different
cement gaps on the retention of zirconia crowns ce-
mented with self-adhesive resin cement was studied.

Dental luting cements play a vital role in the
success of indirect restorations. The primary
function of the luting cement is to fill the space
between the prepared tooth and indirect restoration,
in addition to mechanically or chemically bonding
the restoration to the preparation to prevent
dislodgement during the function*®.

Resin cements have gained popularity in the
dental market during recent years due to high
compressive and tensile strengths, low solubility,
and favorable esthetic qualities. Besides, in vitro
and in vivo studies suggest that resin bonding helps
diffuse stress and limit crack propagation on the
internal aspect of porcelain restorations”. However,
they are expensive and have the disadvantages of
being technique sensitive, easily contaminated
during multiple-step application procedures, and
difficult and time-consuming during clean-up®.

They can be categorized based on the bonding
process as (a) total etch adhesive resin cements
(b) self-etch adhesive resin cements and (c) self-
adhesive resin cements.

It is well recognized that any new luting cement
(or, for that matter, any new dental material) should
be characterized by several laboratory physical
and mechanical tests to elucidate that material’s
physical properties. Therefore, the objective of
this experimental study was to test the effect of
the cement gap of self-adhesive resin cement
regarding retention, according to the International
Organization for Standardization (ISO) 11405:2015
(testing of adhesion to tooth structure). Breeze self-
adhesive dual-cure resin cement was subjected to
retention testing.

Crown retention is known to be influenced by a
number of different parameters: the abutment size
and surface roughness, ®'” the total convergence
angle of the walls of the abutment, and the used
cements'.

However, because retention failures are still a
major complication in fixed prosthodontics!'?, there
is a need to study the contributing factors for further
development of new and better luting cements.

The most common laboratory tests which assess
the adhesive properties of a luting agent are shear,
tensile and microtensile or push-out bond strength
tests'¥. The advantages of bond strength tests are
reproducibility and ease of conducting the test.
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The drawback is that the bond strength testing
does not reflect the clinical situation where the
thixotropic cement applied under pressure during
crown insertion exhibits flow and lower viscosity
permitting it to bond differently than a passive
bonding test to a flat prepared tooth. Therefore,
crown tensile testing procedures were developed to
stimulate clinical procedures more closely!?.

Many parameters influence crown retention.
These include crown convergence angle, cyclic
loading, the surface roughness of the abutment, and
the intaglio surface of the restoration as well as the
cement®'?,

Zidan and Ferguson compared the retention
strength achieved with three different tapers
of 6-degrees, 12-degrees, and 24-degrees. The
concluded that the retentive values of the adhesive
resins at 24-degree taper were 20% higher than
the retentive values of the conventional cements at
6-degree taper!?.

The influence of the type of cement is controver-
sial with several studies, showing that resin cement
has higher retention strength than conventional ce-
ments>'. However, Rosario et al. found similar
crown retention strength of total-etch resin cement,
self-adhesive resin cement, and a RMGI cement!®.

Retention of the single-unit crowns is influenced
by the taper angle-—the angle of convergence
between the opposing axial walls. The retention of
bonded crowns has been shown to depend on the
taper angle: the lower the taper angle, the higher the
retention'"'820, The maximum retention is obtained
between 6° and 12° taper'¥. In practice, ideal axial
wall convergence may not be routinely obtained.
Studies have reported mean taper angles ranging
from 3°to 26°@Y.

Jing et al.?» concluded that zirconia crowns
are related to occluso-cervical heights, so 4mm
abutment height was used in the current study so
that the effect of cement gap to the retention of
crowns may be better evaluated.
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Samples were stored in a 37°C water bath for
24 hours before the bonding procedure was done
to represent the exact oral temperature, which may
increase the polymerization of the resin cements.

To simulate oral environment conditions, sam-
ples were thermocycled. Thermocycling mirrors the
temperature variance occurring in the oral cavity®?.
It was reported by Gale et al. that if one year of clin-
ical service is the aim, then 10,000 cycles are re-
quired®®. In our study samples were thermocycled
for 5000 cycles as recommended by Iso test for test-
ing adhesion with tooth structure®.

The use of a different ceramic, the treatment
of the ceramic crown intaglio surface, the aging
conditions, the degree of convergence, the axial wall
length, the surface area measurement, and the type
of cement, were all different from previous studies.
Furthermore, the physical properties of different
resin cement may influence the retentive qualities.

Our pull-out test results showed standard devia-
tions lower than those in previously published stud-
ies. As mentioned previously, this is presumably
because of strictly standardized protocol at every
stage.

Regarding the cement gap, 50 pm group scored
the highest pull-out bond strength [2.26+0.61],
followed by 25 pm group scored [2.1+0.44], and
finally, 100 um group scored [1.94+0.5], this can be
explained that 50 pm cement gap form the best fit
for the zirconia coping to the abutment as it is not
too tight nor too wide, this result is in agreement
with Gultekin et al. ®7, as they found that increasing
the cement gap from 20 to 40 um led to significantly
greater retention. For the 100 um gap, the cement
thickness will increase, leading to decrease retention.

Limitations:

1. Extracted human natural teeth were used in the
current study, whereas natural teeth should be
used to match the clinical situations. However,
the use of standard dies may have an advantage
in that equalizing the surface area.
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The use of a pure tensile test. In a clinical
situation, it is likely that other forces also
contribute to crown de-cementation. However,
the tensile test was adopted in our study to allow
comparisons with previous studies.

CONCLUSION

The 25 um cement gap gave the best retention

for zirconia restorations.
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