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Effect of different surface treatments on the
shear bond strength of luting cements used
with implant-supported prosthesis: An in vitro
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PURPOSE. The aim of this study was to investigate the shear bond strength of luting cements used with implant
retained restorations on to titanium specimens after different surface treatments. MATERIALS AND METHODS.
One hundred twenty disc shaped specimens were used. They were divided into three groups considering the

surface treatments (no treatment, sandblasting, and oxygen plasma treatment). Water contact angle of specimens
were determined. The specimens were further divided into four subgroups (n=10) according to applied cement
types: polycarboxylate cement (Adhesor Carbofine-AC), temporary zinc oxide free cement (Temporary Cement-
Z0C), non eugenol provisional cement for implant retained prosthesis (Premier Implant Cement-PI), and non
eugenol acrylic-urethane polymer based provisional cement for implant luting (Cem Implant Cement-Cl). Shear
bond strength values were evaluated. Two-way ANOVA test and Regression analysis were used to statistical
analyze the results. RESULTS. Overall shear bond strength values of luting cements defined in sandblasting
groups were considerably higher than other surfaces (P<.05). The cements can be ranked as AC > Cl > Pl > ZOC
according to shear bond strength values for all surface treatment groups (P<.05). Water contact angles of surface
treatments (control, sandblasting, and plasma treatment group) were 76.17° + 3.99, 110.45° + 1.41, and 73.80°
+ 4.79, respectively. Regression analysis revealed that correlation between the contact angle of different surfaces

and shear bond strength was not strong (P>.05). CONCLUSION. The retentive strength findings of all luting
cements were higher in sandblasting and oxygen plasma groups than in control groups. Oxygen plasma
treatment can improve the adhesion ability of titanium surfaces without any mechanical damage to titanium

structure. [J Adv Prosthodont 2020;12:75-82]
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INTRODUCTION

Fixed implant-supported restorations provide widely accept-
ed and predictable rehabilitation for individuals who are
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missing natural teeth." Prostheses and implants may be con-
nected in one of two ways: cementation with a luting
cement, or retention with a fastening screw. The type of
connection used may vary depending upon the clinical situa-
tion, and the advantages and disadvantages of both meth-
ods have been well documented,*® with neither type of con-
nection demonstrating clear superiority over the other.*
Studies have suggested that in comparison to screw reten-
tion, cement retention results in lower complication rates,
better passive fit with multiple implants, greater fracture
resistance of the ceramic structure, good aesthetic appeat-
ance without occlusal gaps, easier application, and lower
costs.™ The bonding ability of a luting cement needs to be
sufficiently strong to ensure retention of the prosthesis dur-
ing functional movement as well as patient comfort.® At the
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same time, the prosthesis may requite removal for a number
of reasons, including loosening of screws located below the
prosthesis, abutment fracture, and peri-implant treatment
requirements.” Moreover, if recementation is required,
residual cement on the bonding surfaces may contribute to
bond failure.®

Zinc oxide-based, polycarboxylate, and glass-ionomer
cements, while designed mainly for prostheses retained with
natural teeth, may also be used as luting agents for implant
supported prostheses.” However, these cements were for-
mulated with dental hard tissue in mind and may have
adverse effects on titanium surfaces as well as peri-implant
tissue. For instance, polycarboxylate cement can produce
corrosion and trigger color changes in titanium alloys,"” and
resin-modified glass ionomer cements can induce toxic
activity, apoptosis, and inflammation of peri implant tis-
sue'l. Recently, special luting cements that are compatible
with titanium have been introduced for use with implant-
supported restorations.”” The bond strengths of these
cements have been evaluated by several studies,*”" the
results of which suggest they be classified as semi-perma-
nent cements, with bond strengths somewhere between
those of zinc oxide-based and polycarboxylate cements.
While there is no consensus regarding how an ideal balance
between retention and retrievability of a prosthesis can be
achieved through cementation, these new cements may be
presumed to provide a more appropriate balance between
prosthesis retention and retrievability.

In addition to the strength of the cement, retention is
also affected by factors such as abutment length, tapering,
and surface characteristics. Abutment surface properties and
various surface modification methods have been investigat-
ed in a number of recent studies.”'* According to one study,
modification techniques that alter the surface energy of tita-
nium may represent the greatest potential for improvement
in prosthesis retention' and secure an optimal balance
between luting-cement bond strength and prosthesis retriev-
ability. Methods such as sandblasting, airborne-particle abra-
sion, acid-etching, and the use of a diamond rotaty to create
circumferential grooves have all been reported to modify
titanium surfaces and thus improve luting-cement bond
strengths.'"'®!7 For example, Al Hamad e a/. found that
sandblasting of abutment surfaces had a greater effect on
luting-cement bond strength than increases in abutment
length.'

Another new method that has been introduced to
improve the surface energy of titanium is non-thermal plas-
ma (N'TP) treatment,” which involves the application of var-
ious gases, such as oxygen plasma, under atmospheric pres-
sute in order to increase titanium wettability.'*? N'TP has
been shown to achieve changes in surface chemistry without
any cytotoxic effects.”” Previous studies have investigated
different N'TP protocols,”* mainly in order to assess cell
response and gain a better understanding of the effects of
altered implant surfaces on osseointegration. However,
there is limited knowledge about the effect of shear forces
on the luting cement applied on the titanium surfaces
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altered by NTP treatment.

In view of this information, the present study intended
to comparatively assess the shear bond strength and failure
modes of two temporary implant luting cements and two
conventional cements following two methods for modifying
titanium surfaces - sandblasting and oxygen plasma treat-
ment. The null hypotheses of the study were as follows: (1)
the modification of titanium surfaces by either sandblasting
or oxygen plasma treatment has no impact on the shear
bond strength of luting cements; and (2) surface treatment
has no effect on the failure modes of different luting
cements.

MATERIALS AND METHODS

This study was conducted with 120 discs (6.6 mm dia. X 4
mm h.) produced from Grade-5 titanium (Ti-6Al-4V)
(Bioinfinity Dental Implant, Pre-milled abutment, Istanbul,
Turkey) and embedded in 20 mm dia. X 20 mm h. acrylic
resin (Meliodent, Kulzer, Hanau, Germany). Bonding sur-
faces of the titanium specimens were polished with 600 SiC
paper using an automatic polishing device under water.??*
Specimens were then ultrasonically cleaned (Transsonic
T700, Elma, Singen, Germany) for 10 minutes and dried by
air. Specimens were separated equally into 3 groups consid-
ering applied surface pre-treatment (n = 40), as follows:

Group CNT: No treatment (control group)

Group SAB: Sandblasting with 50 w ALO,(S). Surfaces
were sandblasted with 50 u AL, O, particles (Cobra, Renfert,
Hilzingen, Germany) applied perpendicularly from a dis-
tance of 10 mm at 0.4 MPa for 10 seconds. Following sand-
blasting, the specimens were cleaned by ultrasonic machine
with distilled water for 10 minutes and they were dried by
air spray.

Group OPT: Oxygen plasma treatment. Non-thermal
plasma (Plazmatek, Isparta, Turkey) was applied with oxy-
gen pressure at 7 X 107" torr and a discharge current of 30
mA for 5 minutes®. (Ultrasonic cleaning was not performed
so as not to disrupt the activated surfaces.)

Pollowing the surface treatments, water contact angle
analysis was performed (Kruss Drop Shape Analyzer,
Hamburg, Germany) using 2 plL distilled water per speci-
men. Next, 1 representative sample per group was coated
with 15-nm gold-alloy nano particles and examined at X500
magnification under a scanning electron microscope (Vega,
Tescan, Brno, Czech Republic). Then, energy-dispersive
x-ray (EDX) (Vega, Tescan, Brno, Czech Republic) elemen-
tal analysis was performed.

After surface analysis was completed, considering the
luting cement types applied, each group of specimens was
also divided into four subgroups (n = 10), as follows: AC:
polycarboxylate cement (Adhesor Carbofine, Pentron
Clinical, Orange, CA, USA); ZOC: temporary zinc-oxide-
free cement (Temporary Cement, Cavex, Haarlem,
Netherlands); PI: non-eugenol provisional cement for
implant-retained prosthesis (Premier Implant Cement,
Premier Dental, Plymouth Meeting, PA, USA); and CI: non-
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eugenol acrylic-urethane polymer-based provisional cement
for implant luting (Cem Implant Cement, BJM Laboratories
Silmet Ltd, Or-Yehuda, Israel) (Table 1).

Cements were prepared in accordance with the manu-
facturers’ instructions using the cement’s own syringe tips
and/ot auto-mixing or dispenser syringe tips. Specimens
were clamped to an Ultradent bonding jig (Ultradent
Product Inc., South Jordan, UT, USA). Luting cement was
applied to the titanium surfaces using an Ultradent Teflon
mold (Ultradent Product, Inc.) with an inner diameter of
2.3 mm and a height of 3 mm.” After allowing the cement
to set for 10 minutes, specimens were carefully dislodged
from the acrylic molds and stored in a covered box contain-
ing distilled water until bond strength testing to prevent any
stress to the cement material.”?

A universal testing machine (Bisco Bond Tester, Bisco,
Schamburg, 1L, USA) was used to test shear bond strength.
Specimens were placed in the specimen holder with the
cement sample parallel to the loading piston, and a load
with a cross-head speed of 0.5 mm/min was performed.
Maximum load at failure was recorded in Newton (N) and
the load at failure was divided by the bond area (mm?) to
calculate shear-bond strength values in MPa. Failure types
were identified with a stereomicroscope (M3B, Wild,
Heerbrugg, Switzerland) and classified as either adhesive,
cohesive, or mixed failure. In addition, a representative
specimen per group was selected and examined under an
SEM at X 500 magnification.

Statistical analysis was carried out using SPSS for
Windows, Version 11.0 (SPSS Inc., Chicago, 1L, USA) with
the level of significance set at 0.05. Following normality
testing (Shapiro-Wilk test: p = 0.122; P > .05), the influence
of cement type and surface treatment method on shear-
bond strength was analyzed using Two-way ANOVA.
Tukey’s multiple comparison test was performed to figure
out the interaction of cement and surface treatment among
the groups. Regression analysis was performed to evaluate
correlations between contact angle and shear bond strength
values. Fisher’s Exact test was used to analyze the distribution
of failure modes (adhesive, cohesive, mixed) in the different
surface-treatment groups.

RESULTS

SEM analysis performed prior to cementation showed no
changes in the morphological characteristics of the titanium
surfaces in either the CN'T or OPT group, whereas the
specimen surface of the SAB group was visibly rougher
than both the CNT and OP groups (Fig. 1). EDX analysis
of elemental atomic concentrations (%) also showed varia-
tions among groups (Fig. 2), with higher levels of O, and
lower levels of carbon in the OPT group (O,: 10.6; Carbon:
6.81) and higher levels of both elements (O,: 29.48; Carbon:
10.32) in the SAB group as compared to the CNT group
(O,: 0.11; Carbon: 7.82).

The results of two-way ANOVA indicated shear bond
strength outcomes to be crucially affected by both cement
type (P < .05) and surface treatment method (P < .05), as
well as by the interaction between cement and surface treat-
ment (P < .05) (Table 2). Mean shear bond strengths and
standard deviations for all groups are presented in Table 3.
For all surface treatment groups, the shear bond strength of
the AC subgroup was notably higher (P < .05) and that of
the ZOC subgroup was remarkably lower than the other
cement subgroups (P < .05). Tukey test results indicated sig-
nificant differences in the shear bond strength values of the
cement types, with the highest shear bond strength observed

Fig. 1. SEM images of the titanium surfaces (Ti-6Al-4V) at
x500 magnification: Control (CNT) group (A), Sandblasting
(SAB) group (B), and Oxygen plasma treatment (OPT) group
(©).

Table 1. Cement used in the study (including manufacturers and lot numbers)

Cement Abbrevations Cement type Manufacturer Lot No.
) Zinc polycarboxylate cement for
Adhesor Carbofine AC . . . Pentron 5956753-2
fixed partial prosthesis
Zinc Oxide Free Cement Z0C Zinc oxide non-eugenol provisional cement Cavex 180604
) Non-eugenol temporary cement for Premier Dental Products,

Premier Implant Cement P implant retained prosthesis Plymouth Meeting, PA 4288CI

Cem Implant Cement cl Non-eugenol acrylic-urethane polymer based  BJM Laboratories Silmet Ltd, 4296CITR

temporary cement for implant luting

Or-Yehuda, Israel
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Fig. 2. EDX analysis of titanium surfaces: Control (CNT) group (A), Sandblasting (SAB) group (B), Oxygen plasma treatment
(OPT) group (C).

Table 2. The results of two-way ANOVA on the shear bond strength (MPa)

Source SS df MS F Sig. P
Surface Treatment (ST) 13.490 2 6.745 89.369 0.000 .623
Cement (Ce) 139.447 3 46.482 615.851 0.000 .945
ST xCe 2.935 6 0.489 6.480 0.000 .265
Error 8.151 108 0.075
Total 1086.545 120

SS: Sum of square, df: Degree of freedom,MS: Meansquare, ST x Ce: Effect of the interaction between surface treatment and cement material.

in the AC subgroup, followed by the CI, PI, and ZOC sub- Table 3. Shear bond strength values (MPa); means and
groups for all surface-treatment groups (Table 3). standard deviations (two-way ANOVA Test)
Water contact angle testing of titanium surfaces is pre-

. Cement CNT SAB OPT
sented in Figure 3. Water contact angles (means + standard
deviations) were as follows: Group CNT, 76.17° + 3.99; AC 3.48 £ 0.34* 4.90 £ 0.37" 4.52 £0.31
Group SAB, 110.45° + 1.41; Group OPT, 73.80° £ 4.79. Z0C 0.95 + 0.19¢8 1.59 + 0.22%8 1.34 +0.178
Regression analysis revealed a weak negative correlation P| 215 + 0.96¢C 278 + 0.206C 252 4 0.33C
between shear bond strength and surface water contact al 579 4 017 3.07 4 0.31%0 .99 + 0.30°

angle (For CNT group %0 r = 0.00; p = 0.959 P > .05, for

SAB group %0.04 r = 0.004; p = 0.711 P > .05, for OPT Uppercase letters indicate significant differences in values in the same column.
group %0.4 + = 0.047; p= 0177 P> '05). Lower-case letters show significant differences in values in the same row.

Fig. 3. Water contact shapes: Control (CNT) group (A), Sandblasting (SAB) group (B), Oxygen plasma treatment (OPT)
group (C).
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Adhesive, cohesive, and mixed failure types of the luting
cements and different surface treatment methods were
shown in Table 4. Also, SEM images of representative spec-
imens are shown in Fig. 4. Failure mode distribution ana-
lyzed by Fisher’s Exact test. In CNT group, higher adhesive
failure rates were detected in the PI and CI cement sub-
groups than AC and ZOC subgroups (P < .05), whereas
cohesive and mixed failure occurred at higher rates in the
Z0C and AC subgroups as compared to the PI and CI sub-
groups (P < .05). In SAB group, mixed and cohesive failure
modes were predominated, with adhesive failure rates high-
er in the PI and CI subgroups (P < .05) compared to the
Z20C and AC subgroups and cohesive failure rates higher in
the ZOC and AC subgroups compared to the PI and CI
subgroups (P < .05). In OPT group, cohesive failure rates

were significantly higher in the ZOC and AC subgroups
compared to the PI and CI subgroups (P < .05).

DISCUSSION

The retention and retrievability of implant-supported pros-
theses can alter by the type of luting cement used and the
surface properties of the abutments. This study examined
and compared the shear bond strength values of four dif-
ferent luting cements to titanium surfaces treated using two
different techniques as well as to untreated controls.
Bonding procedures used in the cementation of titanium
discs wete performed according to Seker e a/* However, in
contrast to their study, plasma treatment in this study was
applied for 5 minutes, since previous studies have stated

Table 4. Distribution of failure modes per surface treatment group and luting cement

Luting cement AC Z0C Pl Cl
Failure mode
A Co M A Co M A Co M A Co M Total
Group
CNT 1 3 10 0 0 10 0 40
SAB 1 6 3 0 7 3 4 4 2 3 5 40
OPT 6 1 10 0 0 10 0 40

A: Adhesive, Co: Cohesive, M: Mixed

Fig. 4. SEM images of cements after shear bond testing (x500 magnification). (A) Mix failure for ZOC (sandblasting surface),
(B) cohesive failure for AC (oxygen plasma surface), (C) cohesive failure for Cl (sandblasting surface), (D) cohesive failure

for PI (control group). T: Titanium Surface, L: Luting Cement.
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that the level of energy stabilizes after the initial energy
bombardment that occurs during the first 5 minutes of
application.”* Most plasma studies have evaluated surface
changes using atomic force microscope and profilome-
ter?*; however, considering that these studies reported
changes of less than 1 nm, this study evaluated water con-
tact angle instead.

The first null hypothesis of the study that modification
of titanium surfaces by surface treatments would have no
impact on the shear bond strength of luting cements was
not accepted. Sandblasting indicated significantly higher
bond strength values than other groups in all the cement
groups. Also, control group was shown to lower shear bond
strength values than sandblasting and oxygen plasma treat-
ment groups. Furthermore, the second null hypothesis that
surface treatment would have no impact on failure modes
of different luting cements to titanium was also rejected, as
oxygen plasma treatment surfaces had higher rates of adhe-
sive failure.

Although polycarboxylate cement and zinc oxide non-
eugenol provisional cement are widely used as permanent
and temporary cements for tooth-supported prosthesis,
respectively, these cements were designed to provide adhe-
sion to tooth tissue via chelation, and the effects of these
cements on titanium surfaces has not been thoroughly
explored.” Non-eugenol provisional cements can facilitate
prosthesis retrievability, but their low tensile strength and
high solubility make for poor retention.” Moteovet, the
chemical composition and polymerization of cements can
produce changes in the surface characteristics of titanium;
for example, as Wadhwani and Chung have noted, polycar-
boxylate cements that contain stannous fluoride can caused
pit-shaped corrosion of titanium surfaces.” To avoid these
problems, new types of luting cements have been intro-
duced to the market specifically for use with implant-
retained prostheses. These include the eugenol-free, resin-
based Premier Implant (PI) cement, as well as a resilient,
urethane oligomer-based cement, Cem Implant (CI). Based
on previous studies, these cements can be classified as
“semi-permanent cements,” whose tensile strengths fall
somewhere between those of non-eugenol temporary
cements and polycarboxylate cement and which have been
shown to improve retention.*

The study found the shear bond strength of both CI
and PI to be lower than AC and higher than ZOC. More
soluble characteristic of conventional temporary cement
than resin based temporary cements can be a reason for
lower shear bond strength values for ZOC. Inversely, the
highest shear bond strength values were found for AC and
this result may be attributed to chemical chelation ability! of
the cement and a greater film thickness, which is stated as
25 wm by the manufacturer. Furthermore, the shear bond
strength value of CI was found to be higher than that of PL
This may be attributed to the excellent mechanical proper-
ties of TiO,.”* According to manufacturer, CI cement con-
tains TiO,, unlike PI. TiO, may act as a filler between the
particules of cement® and enhance the shear bond strength
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of CI. Whereas the low bond strength of ZOC can be
attributed to its greater solubility and minimal film thick-
ness, the higher bond strengths of CI and PI as compared
to ZOC can be attributed to the greater film thicknesses of
resin-based cements.”™' According to the manufacturers,
Z0C has a film thickness of less than 10 um, whereas the
resin-based PI and CI cements have film thicknesses in the
range of 10 - 15 um.

Friction between the abutment surface and the inner
surface of the prosthetic framework occurring under verti-
cal forces may affect the bond strength of luting cement. In
tensile bond strength studies, forces are implemented verti-
cally to the luting cement between the abutment surface and
the inner surface of the implant-retained prosthesis frame-
work'?; however, under clinical conditions, mastication forc-
es are not always applied on a vertical axis.** Unlike previous
studies, >
forces on the bond strength of luting cements, a subject
that has not been thoroughly explored.”” Interestingly, the
shear bond strength results found in this research were low-

er than the tensile bond strengths reported in previous stud-
1ag 09,13
ies.”

this research examined the influence of shear

Some previous studies*** have stated that the relatively
high bond strengths of polycarboxylate cement to titanium
are most likely due to the cement’s chemical chelation of
metallic ions from the titanium surface, while a previous
study that recommended ZOC cement for luting implant-
retained prostheses attributed to the chemical bond between
Z0C cement and titanium to organic acids (ethoxy benzoic
acid) contained in the cement formula.®® In line with this
information, this study found higher rates of cohesive fail-
ure in the AC and ZOC cement groups, which may be
attributed to the creation of a strong bond between titani-
um and cement by chemical chelation, whereas the higher
rates of adhesive failure in the PI and CI cement groups
may be due to the comparatively stronger molecular bond-
ing occurring within these resin-based cements.

The surface properties of titanium may also play a role
in the retention and failure patterns of luting cements.
Previous studies have investigated various procedures such
as sandblasting, circumferential roughening, and acid etch-
ing!33637
Another method that can alter the surface energy of titani-
um is oxygen plasma treatment, a non-invasive procedure in
which an oxide layer is formed on the titanium surface with-
out the creation of areas of micro-retention. By increasing
the amount of O, and decreasing the amount of C on the
titanium sutface, surface energy is increased.” Oxygen plas-
ma treatment can be performed under different atmospher-
ic pressure conditions and with various types of electrically
neutral ionized gas as well as using homogenous dielectric
barrier discharge, and it has a wide range of applications
from industry to medicine.*® Studies examining the effects
of oxygen plasma treatment application to titanium material
on cell movement and osseointegration”** have reported
increases in surface concentrations of reactive species (O,)
and hydrophilicity that optimized cell growth. However, few

that can change the surface energy of titanium'™.
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studies®* have looked at the effects of oxygen plasma

treatment on bonding ability between titanium surfaces and
luting cements. Moreover, comparing results among studies
is difficult due to differences in materials, gas type, and
amount and duration of applied pressure.

In the present study, oxygen-plasma treatment increased
the bond strength between cement and titanium when com-
pared to non-treated controls. In line with El-Helbawy ez
al’s® report of increases in increased O, levels following
oxygen-plasma treatment, the relatively higher bond
strength achieved through oxygen plasma treatment found
in the present study may be due to improvements in the
chemical adhesion between titanium and cement achieved
through higher levels of O, on the cleaned titanium surfac-
e, 3940

Sandblasting was also found to improve bond strength
values. Sandblasting of surfaces creates areas of micro-reten-
tion that can improve adhesion of luting cements through
mechanical interlocking. This would also explain the higher
rates of cohesive failure in the sandblasting group in the cut-
rent study, which is in line with ptior reports.'*?-

In contrast to previous studies comparing bond strengths
of untreated, sandblasted, and oxygen plasma treated sur-
faces,™* the present study found lower bond strength val-
ues for the OPT group than the SAB group. The differenc-
es in study findings may be due to differences in amounts
of applied power, discharge voltage, and treatment duration.

The results of contact angle analysis showing a lower
contact angle in the plasma-treated group in comparison to
controls verified this study’s findings regarding surface ener-
gy are in line with both Henningsen ¢# @/.** and Matthes e
al. Howevet, due to confounding factors such as hydro-
philicity, wettability and sutface energy,* it is not possible to
identify a direct relationship between luting cement bond
strength and water contact angle.

This study had a number of limitations that should be
noted. First, only one type of titanium was used in the
study. Second, only one oxygen plasma treatment protocol
was examined. Future studies should be conducted with dif-
ferent oxygen plasma treatment protocols in order to gain a
better understanding of how different plasma treatment
parameters affect bonding performance of luting cements
under clinical conditions.

CONCLUSION

Concerning the findings of this study, both sandblasting
and oxygen plasma treatment of titanium surfaces may
improve the bond strength of luting cements; however, as a
non-invasive procedure, oxygen plasma treatment may be
preferable to sandblasting, an invasive method that may
have an adverse effect on the physical structure of titanium.
Also, PI and CI cements are more easily removed from
abutment surfaces than conventional cements designed for
adhesion to natural teeth and may help avoid cementation
failure caused by residual cement on abutment surfaces in
clinical practice.
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