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THE EFFECT OF DIFFERENT SURFACE TREATMENTS
ON THE PUSH-OUT BOND STRENGTH OF CAD/CAM
MILLED ZIRCONIA POSTS
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ABSTRACT

INTRODUCTION: Badly destructed teeth receiving root canal treatment is a main indication for post an
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INTRODUCTION
Teeth that previously received
in need to be restored with
coronal tooth structure to suppa
main indication for post and
intraradicular retention and suppor
(1,2). Root fractures are the most
encountered in post-restored teeth if
resistance to rotational forces. In order
or root fracture, posts should have an el
to that of dentin (3) and it is important for
cemented to provide maximum retentiontfor the restoration
and adequate support for the remaining tooth structure (1).
Posts made of tooth-colored material were introduced, and had
to have two main clinical requirements; a high flexural
strength and an elasticity modulus close to that of dentin (4).
Due to their low modulus of elasticity and relatively low
flexural strength, glass Fiber posts were found to bend
generating stresses at the post/resin cement interface causing
subsequent debonding (5).

Due to favorable esthetic and mechanical properties,
endodontic posts made of partially stabilized zirconia ceramic

ious type of failure
y have inadequate
decrease incidence

ost to be firmly
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dation. Zirconia posts were also a good
ility of zirconia to dentinal walls.
bond strength of zirconia to the

ere randomly divided into
irradiation and Group (111)
in until post debonding

Group | had a mean of
.17 MPa)
when compared to CO2
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have also been described. Using partially stabilized zirconia
posts were found to be biocompatible and at the same time

enabled clinicians to use translucent all ceramic coronal
restorations with no fear of displaying the underlying metal
post color, in addition to the chemical stability of zirconia (6, 7).
One factor that can improve the resistance to fracture of teeth
restored with zirconia posts is adhesive cementation. The use
of resin cements for cementation renders the root less prone
to fracture under masticatory loads achieving the monoblock
concept; in which the root along with the post and resin
cement act as a one unit minimizing the load per unit area
being subjected on the tooth and preserving the dental
structure (8).

Different mechanical and chemical pre-treatments for the post
surface have been recommended to improve the bonding
effectiveness of composite cement to zirconia by inducing
surface alterations and micro roughness that can enhance
further bonding to the ceramic surface (9).

This study evaluated the effect of surface treatment by
tribochemical silica coating, CO2 laser and Er.Cr.YSGG laser
irradiation on the push-out bond strength of CAD/CAM
milled zirconia posts. The null hypothesis proposed was that
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there were no differences regarding the bond strength between
the three different surface treatments.

MATERIALS AND METHODS
o Ethical considerations
The current study has been conducted after being approved by the
Scientific Research Ethics Committee, Alexandria University.
All teeth were extracted due to severe mobility or lack of
restorability and collected from the oral and maxillofacial
surgery department, Faculty of dentistry, Alexandria
University.
e Sample size estimation
The minimal sample size was calculated based on a study
aimed to evaluate the influence of post surface treatment by a
zirconia primer on the push-out bond strength of adhesively
luted zirconia posts to root dentin. (10)
Thirty freshly extracted human maxillary central teeth were
used. The crowns of each tooth were removed two millimeters
above the level of the cement—enamel junction. Root canal
systems were instrumented till size (40) apical preparation
according to the conventional step back technique till the full
working length of the canal and then obturated by cold |
compaction. The root canal of each tooth was enlarge
drills (Glassix,H.Nordin sa, Chailly—Montreaux,
mounted on a low speed contra angled handpiec

#4 which was used as a final drill for sh
Irrigation by 1% NaOCI solution wa
The post preparation was terminated at 2/3 of t
leaving approximately 4-5 mm of gutta-percha

into the prepared spag
and to ensure good fitt
One glass fiber

he canal walls.
prayed by scan spray
(Renfert,GmbH, German Irther scanned by an
extra oral scanner (Kavo 3 e, Dental GmbH,
Biberach, Germany) to achigve C all zirconia
posts dimensions which were
Thirty zirconia posts were
(Everest engine) and ZS b
Biberach, Germany) having the ¢
the fiber post. They were re-inse
their fit into the prepared space a
ensure adequate post length. All

X-rays were taken
5ts were cleaned by

posts were further divided into 3 gro
method of surface treatment each group
consisted of 10 zirconia posts. During the | dure of surface
treatment all posts were fixed onto aj$pecially designed
mandrel for the posts to be snugly fitted and secured by means
of sticky wax to avoid eccentric rotation of the posts. The
mandrel was mounted on a straight handpiece connected to a
micromotor adjusted at a speed of 130 RPM regardless the
type of surface treatment carried out (10).

Group (I): Posts were subjected to tribochemical silica coating
using 30-pm silica-modified AI203 particles (Rocatec™ Sofft,
3 M Espe, Seefeld, Germany) at a pressure of 2.5 bars at a
perpendicular distance of 10 mm for 10 seconds then BIS-
Silane was applied in a thin layer using a micro-brush and left
to react then dried with oil and water free air. During the
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procedure, a Ni-Ti wire was cut and part of it was cut and
fixed onto the tip of air-abrasion hand piece to maintain a
constant distance from the rotating post with perpendicular
hand movements 10 times back and forth along the post
length. Fig. (1-a)

Group (I1): Posts were be subjected to CO2 laser irradiation
(Smart US20D, Deka, Florence, Italy) in a pulse mode, at a
wavelength of 10.6 pm with a pulse repetition rate of 100 Hz,
pulse duration of 160 ms, output power of 3W for 50 seconds
by laser and air spray (11-12). Fig. (1-b)

Group (II): Posts were subjected to Er.Cr:YSGG laser
irradiation (Waterlase; Biolase Technology, San Clemente,
ifl’a pulse mode and at a wavelength of 2780 nm,
n rate of 50 Hz, pulse duration of 140ms, output
water ratio of 50/1 respectively and at a

to deliver the laser beam to the post
rameters were used according to the

moved in a back al
length of the post. Fig.

wing the post mounted on a straight handpiece
ilica coating.

root was placed inside an acrylic block to be retained in
position during cementation using a specially designed copper
mould.

Before cementation of the posts, the root canals were
thoroughly irrigated by EDTA solution and finally saline to
ensure the best outcome for smear layer elimination that
resulted from drilling, and then they were dried by paper
points. Panavia F2.0 resin cement system (Kuraray noritake
dental Inc, Osaka, Japan) was used for cementation of all posts
into the canals according to the manufacturer's instructions.
Equal amounts of paste A and paste B were dispensed on a
mixing paper pad, mixed and inserted into the canal using a
lentulo spiral, the treated posts were coated with the cement
then inserted in the canal under static load device till excess
cement was extruded and cured for 5 seconds the partially set
excess cement was wiped away by a plastic filling instrument.
Oxyguard was applied on the cervical portion of the tooth then
light cured for 40 sec on top and on each side of the root.

Each specimen was further sectioned using a diamond disk
0.6 mm thickness mounted on a microsaw (IsoMet 4000
Buehler USA) at speed of 2500 rpm and feeding rate 10
mm/min under water cooling. 2mm thick slices of apical-root
portion for assessment of push out bond strength. Three
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sections were obtained from each specimen one apical, one
middle and one coronal, each section was marked on its
coronal aspect using an indilible marker to distinguish the
coronal from the apical segments.

The radii of posts for each segment were measured coronally and
apically using stereomicroscope (Nikon MAZ100 Japan) to be used
further in calculating the area of the bonded post to tooth.

For the specimen to be fixed in place with no minute
movements during the testing procedure, a custom made
specimen holder was made to maintain the specimen in place
while delivering the load.

The other compartment used for delivering the load was also
custom-made metallic cylinder with a smaller stainless steel
plunger of 4mm length and 0.9 mm diameter fixed on top of
it. This small diameter ensured that the rod contacted only the
post while exerting the load.

The two compartments were attached to the universal testing
machine and the test was conducted at a cross head speed of
0.5 mm/min using a 500N load cell. Load was confined to the
post area till debonding occurred and the post was seen
extruded from the canal. The highest value recorded was taken
as the push-out bond strength. Fig. (2)

Fig. (2): Showing the post m
while subjected to CO2 laser be

The following equation was used to
in MPa;

in the bond strength (

o =F/A
While:
F: Debonding force in Newtons (N).
A: Bonded area to the tooth structure (mm
To calculate the bonded area (A) the fol
used:

ng formula was

A=nx gx (R1+R2)
m: 3.14
g: Trunk generatrix
R1: smaller base radius
R2: larger base radius
h: Specimen height
Pythagorean Theorem will be used for (g) calculation
g2 = h2 + (R2-R1) (14)

Statistical analysis
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Data were collected and entered to the computer using SPSS
(Statistical Package for Social Science) program for statistical
analysis (ver 21) (15). Kolmogorov-Smirnov test of normality
revealed no significance in the distribution of the variables, so
the parametric statistics was adopted (16). Data were
described using minimum, maximum, mean, standard
deviation and 95% CI of the mean (17).

Comparisons were carried out between more than two
independent normally distributed subgroups using one-way
ANalysis Of VAriance (ANOVA) test (18). The F ratio of
ANOVA was significant so Brown-Forsythe Robust test was
¢ multiple comparisons (19) was done using
(20).

was set to 5% with a significance level of 95%.

f debonding load was recorded in
ical analysis revealed that Group I had
oad of (12.20+0.90 MPa) and
hile the mean of debonding load
. Table (1) and Fig. (3)

=

=
1

Mean Pressure (o) (Nimm?)

1

J
sic

Group

wing post mounted on a straight handpiece
Er.Cr.YSGG laser beam.
1): Statistical Analysis of the results

Group

Pressure (c) Test of
(N/mm?) Group (1) Group (1) Group (111) significance

SIC

CO2

Er.Cr

-n
30

30 30

- Min-Max

10.50-14.67

8.56-11.44 4.53-8.43

- Mean + Std.
Deviation

F(BF)=305.583

12.20£0.901 | 10.20+0.74 6.22+1.17

1.86-12.53 9.91-10.47 5.78 -6.65 p=0.000"

- 95% ClI for
mean

Multiple Comparisons

(Games-Howell method)

Cc0o2 ErCr

Dift=2.005 | pifr- .3.077

sic p=0.000*

p=0.000*
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Pressure (o)
(N/mmg)

Group

Group (1)

SIC

Group (I1)

CO2

Group (111)

Er.Cr

Test of
significance

Diff=-3.982

p=0.000*

One way ANOVA test was conducted and showed a
statistically significant difference in the debonding load (Mpa)
among the three studied groups (p <0.05). Games-Howell
post-hoc test was carried out between different groups and
revealed that Group (I) showed the highest debonding load
when compared to Group (1) (p < 0.05) and group (lI1) (p
<0.05). Group (1) showed higher debonding load when compared

to Group (1) (p < 0.05) but lower to that of Group (1).

The one way ANOVA test showed no significant difference
when comparing the debonding load at all coronal sections of
the three groups to the load at all the middle and apical
sections of the three groups. The coronal sections show:
highest values regardless the surface treatment used.

and Fig. (4)

12.004

10.00]

8.00

6.00

Mean Pressure (g) (Nimm?)

4.004

0.00

T
Coronal

testing machine.

Table (2): Statistical Analysis of
among three groups

(N/mm?)

Pressure (o)

Middle
Group

Section

Coronal

Middle

Api

Apical

for all sections

Test of
significance

-n

- Min-Max

-Mean
Deviation

- 95% CI for mean

30
5.21-14.67
Sl 1004273

9.01-11.05

30

4.70-13.86

9.57+2.67

8.57-10.56

30

4.53-13.12

9.02+2.61

8.04-9.99

F(BF)= 1.096

p=0.339 NS

Multiple Comparisons

(Games-Howell method)

Coronal

Middle

Apical
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Section

Test of
significance

Pressure (o)

(N/mm?)

Coronal Middle Apical

Diff= 0.466

Diff=1.019

Coronal

p=0.782 NS | p=0.309 NS

Diff=0.553

Middle
p=0.697 NS

Apical

Stereomicros
tribochem

opic study revealed that specimens treated with
silica coating had a considerable amount of
aining on the surfaces of the debonded post
a 100% adhesive/cohesive failure. However
: ith CO2 laser also showed some mixed
types of failure
other specimens.

t surface treatments
e changes that will
ructure and Y-TZP
ording to a previous
e size to standardize the
all posts. It was the aim of this study to
different surface treatments to the
any aging effects induced to avoid any
ed as a result of the different thermal
terials used or bond degradation at the
ysis (21). On the basis of the present data,
S was rejected.

ere subjected to a push-out test to evaluate the

scan for a glas
length and diam
evaluate the eff
zirconia posts wit
stresses being ge

eptable compromise for the drawbacks of tensile and
r stresses where non-uniform forces are exerted on the
ooth surface as a result of the large surface area bonded to the
posts (22). Microtensile test overcame this drawback of the
previous tests giving better uniform stress distribution due to
smaller-sized specimens having smaller surface areas bonded.
Unfortunately, a high rate of premature failure was
encountered in addition to large data distribution was also
needed. So push-out tests were found to have smaller bonded
surface areas along with absence of premature failures and
parallelity of the applied force to the interface (23).
Tribochemical silica coating showed to have the highest push-
out bond strength results when compared to those of CO2 and
Er.Cr.YSSG laser groups so the null hypothesis was rejected.
These results were similar to those obtained by Akyil et al
(24) who stated that TSC was found to improve the bond
strength and Gomes et al., (21) who found that TSC showed
more durable bond strength values even when subjected to
thermocycling. In this study, silica coated Al203 particles was
chosen over air abrasion by conventional AL203 particles as
it provides a chemical affinity for zirconia to silane in addition
to the mechanical interlocking provided by air abrasion.
Several studies (21, 25-27) reported that the silica coating for
Y-TZP surface achieved better bond strength than air abrasion
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for resin bonding. However, it was found that using
tribochemical coating could result in a non-uniform silica
layer being embedded into the surface, which subsequently
could show some variation in bond strength. Moreover,
zirconia is a material with a higher surface hardness, smaller
crystal size and higher density than glass ceramics; these
physical properties make it hard for the silica particles to be
bonded to the surface (28).

Even when trying to increase the silica layer thickness by
vapor-deposition, these additional layers are partially bonded
together by van der walls which are secondary chemical bonds
that showed no significance in increasing the chemical
bonding to the luting cement over the traditional silica coating
procedure (29).

In this study, it was found that using CO2 laser was beneficial
in achieving some surface changes and thus enhancing the
bond strength to luting cements. These surface changes were
represented in the form of trench-like depressions and micro-
porosities giving some means of micro-roughness to the
surface for further adhesion .The results for this study
confirmed those obtained by Akyil et al., (24) when CO2 laser
was used solely on to the ceramic surface. However, it
found in the same study that using CO2 laser along
abrasion showed a decrease in the bond strength. St
al., (30) found distinct ceramic surface changg

Kunt et al., (31) and Kasraei et al., (1
(B3W) CO2 laser respectively and obs
surface alterations. The laser parameters we

surface is the main int8
According to Akyil (24),
Nd.YAG lasers as surface t
porosities are formed as a res
on the surface of the ceramic.
penetrate and harden inside pro

Sity of (159,22J/cm
d with very limited
ghness thus resulting

by using CO2 with an energy d
smooth surface for the ceramic res
amount of scaly fissures and surface

abrasion. Kasarei et al., (12) studied the
on zirconia and attributed this failure to thé
used which was below the material thres
and thus failing to induce any surface
ceramic surface.

Other factors that govern the absorption of laser energy by
zirconia as explained by Kunt et al., (31) are the pigments
incorporated in the ceramic and water content. Since zirconia
is a white opaque material and devoid of water content, this
makes it a material of low affinity for absorption of laser
energy.

Er,Cr:-YSGG laser system has no enough data shown
concerning its effect on improving the bond strength to
zirconia ceramics. This system has the capability of modifying
the surfaces by ablation process which is regarded as
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removing the surface particles via a process of vaporization
and some microexplosions (35, 36).

The findings of the current study were found to be congruent
to those of Ghasemi et al. who showed that using Er,Cr:YSGG
in a (2W) output power didn't have a significant effect in
improving the bond strength whether used in a pre-sintered or
a sintered state (37). Er.Cr:YSGG failed to show significant
surface alterations when compared to those found in silica
coating and CO2 groups and the surface was found to have
nearly a similar topography to that of an untreated surface.
Similarly, Miranda et al. compared the effect of Er.Cr:YSGG
on the surfacg alterations created in (Y-TZP) and titanium
discs and d that using Er,Cr:YSGG showed to have a
face roughness than the untreated specimens
ent study failure of the Er,Cr:YSGG to cause

by creating deep
topographic changes.
On the other hand, a st

which took place when
output power and were
CO2 laser in a (4W)
e same time, using
) was found to form
face owing to the
with a subsequent
(39). Accordingly the
study were determined.

)scope to inspect the mode of failure, it
most of the laser-group samples, the
ainly adhesive meaning that debonding

tetragonal to m@
laser parameters
On using a stereo
was observed th
mode of failure
occurred at the j

udy stating that air abrasion group showing a mixed type and
an adhesive failure in CO2 and Er.Cr:YSGG groups (12).
Using a chairside air abrasion device with 30-um Al203 as a
method of TSC or using CO2 laser device are clinically
feasible and could enhance the bond strength while bonding to
zirconia posts rather than placing posts with no surface
treatments or using Er.Cr.YSGG laser since an adhesive
failure is most probably the type of failure that would be
encountered.

In this study, the tribochemical silica coating was considered
as a positive control to be compared with the other two groups
as it was considered the surface treatment of choice for
bonding to zirconia by many studies. However, the current
study lacks information about the results of the three groups
and a group of untreated zirconia surfaces which is considered
a limitation of this study along with lacking of aging
procedures

CONCLUSION
Within the limitations of this study, the following points could
be concluded:

131



Abd El Aziz et.al

1. Tribochemical silica coating is an effective way that is
regarded a micromechanical mean of retention along with
chemical bonding of zirconia ceramic to the luting cement.

2. CO2 lasers proved to be a better laser system to be used as
a method of surface treatment than Er.Cr:YSGG but both
systems were found to be inferior to (TSC).
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