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ABSTRACT

INTRODUCTION: Durability of the removable prostheses is dependent on strong adhesion between the metal framework and acrylic resin.
Weak adhesion causes separation of the denture base from the metal framework. It was reported that Neodynium-doped yttrium aluminium
garnet (Nd:YAG) laser surface treatment can be used to strengthen the bond between dental alloys and resins. Aryldiazonium salts have been
used to create a strong chemical bond between dental alloys and polymers.

OBJECTIVES: To evaluate and compare the effect of Nd:Y AG laser surface treatment and Aryldiazonium salts of cobalt chromium (Co-Cr)
alloy on its bond strength with heat cured acrylic resin. Also, to analyze the metal-resin interface at a high-resolution level after laser and
Aryldiazonium salts surface treatments.

MATERIALS AND METHODS: Ten healthy adult white Albino New Zealand rabbits, after creating two osseous defects in the right femur
in each. The defects (upper and lower) were divided in to two groups according to the material used for filling:

Group A (Control): in the upper defect, bone graft only was added in the lateral side of the right femur.

Group B (Study): in the lower defect, MPM. was added in the lateral side of the right femur.

After 2 &8 weeks respectively postoperatively, sacrification of the rabbits was done.

RESULTS: Data collected from histological results revealed that MPM enhanced bone formation where increased amount of new bone
formation was observed in the study group in relation to the control group. At the end of the experimental period, the defect area was almost
filled with mature bone which occupied a greater surface area in the study group. Histomorphometric analysis revealed that there was increase
in the mean percentage of bone surface area in the study group in comparison to the control group. This increase was statistically significant
in the 8 weeks period.

CONCLUSIONS: The bond strength between heat cured acrylic resin and alloy can be increased by Aryldiazonium salts application and laser

surface treatment.
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INTRODUCTION

Complete and partial tooth loss is associated with reductions
in physical, psychological and social functions, ability to
chew, and potential harm to general health. Therefore,
rehabilitation of stomatognathic system by removable
prosthodontics can be considered /satisfactory, when
prosthesis can give effective and efficient service to the
patient (1).

Most removable prostheses were constructed of cast
metal base and acrylic resin which was processed to retain
artificial teeth, restoring lost tissue contours, and enhancing
esthetics. The metal framework commonly constructed of
cobalt chromium alloys (Co-Cr) because of its adequate
strength, rigidity, resistance to corrosion, lightness in
weight, and low cost. Heat polymerized acrylic resin is also
generally utilized as a denture base polymer for removable
prostheses. It was chosen based on availability, dimensional
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stability, handling characteristics, and color compatibility
with the oral tissues (2).

The bonding between the metal components and the
denture base resin plays an important role in the longevity
of the prosthesis. In the oral cavity, the bond between
acrylic resin and metal framework should withstand
continuous exposure to occlusal forces, constant flow of the
saliva, and temperature variations that occur during
ingestion of food and drinks (3).

Weak adhesion and lack of chemical bond cause
separation of the denture base from the metal framework.
Discrepancies in the coefficient of thermal expansion
among these components may promote this space, leading
ultimately to microleakage of saliva. Furthermore,
microleakage in the area of internal and external finishing
lines results in discoloration, deterioration of denture base
material, and introduction of potentially pathogenic
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microorganisms that may be harbored within the crevice
and contribute to an adverse soft tissue response (4).

Metal-resin bonding systems may be categorized as
mechanical, chemical or a combination of both. Failure of
the metal-resin interface occurs when forces exceed the
capacity of the bonding mechanisms. The bonding between
the metal framework and the denture resin is critical;
especially in situations such as limited interridge space,
short span edentulous area, and where excessive functional
forces are anticipated (5).

Conventional methods of attaching the denture base
resin to the metal framework include loops, mesh, beads,
nail heads, and struts, which provide macromechanical
retention. The major disadvantage of macromechanical
retention between the denture base resin and the metal
framework is poor marginal sealing, which is not sufficient
to prevent microleakage (6).

Because of the disadvantages of macromechanical resin-
metal attachment, microscopic retentive designs were
suggested to improve bonding of resin and metal, such as
sandblasting the metal surface, electrolytic and chemical
etching (7), and laser surface treatment(8).

Laser surface treatment seems to be a very promising
method because it is fast, precise, and nearly damage-free
material processing (5, 9). Since the development of the
first working laser by Maiman in 1960 (10), advances in this
technology have resulted in using laser in‘many fields of
dentistry. Neodynium-doped yttrium-aluminium garnet
(Nd:YAQ) lasers are solid-state lasers used in (&) prosthetic
dentistry to modify feldspathic ceramic surfaces and to
improve titanium- porcelain bonding, (b) surgery on
intraoral soft and hard tissues, and (c) endodontics (11).

Murray et al (12) reported that laser etching of a dental
alloy can increase the bond strength between the alloy and
resin composite. Kim and Cho (13) demonstrated that
Nd:YAG laser etching improved the bond strength of a
titanium substrate to porcelain. Collectively, the results of
these studies showed that Nd:YAG laser surface treatment
can be used to strengthen the bond between. dental alloys
and porcelain or resins (14).

Further improvement in the bonding strength between
the denture base resins to the metal framework is still
needed to prevent debonding and reduce microleakage at
the resin-metal interface. Therefore, resin-metal bond can
be strengthened by adding a chemical link between the
denture base resin and the metal framework (15).

Many techniques and materials have been used to
enhance chemical bonding between metal and acrylic resin,
such as adhesive resin 4-methacryloylexy ethyl trimellitate
anhydride (4-META), Silicoater system, and adhesive
metal primers (16).

A novel method for creating a strong chemical bond
between the denture base resin and the metal framework for
dental prostheses is developed based on Diazonium
chemistry (17). Aryldiazonium salts have been used to
modify material surfaces for many applications. Diazonium
ions can be produced from aromatic amines and grafted
onto almost any surface, including metals, glass, and carbon
(18).

There are limited data available on Nd:YAG laser
surface treatment and Aryldiazonium salts application for
improving the metal-resin bond. Hence, the objective of this
study is to evaluate and compare the effect of Nd:YAG laser
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surface treatment and Aryldiazonium salts of Co-Cr alloy
on its bond strength with heat cured acrylic resin.

MATERIALS AND METHODS

The following materials were used in this study:

1.Co-Cr alloy (MAGNUM H50, MESA di Sala Giacomo,
Italy).

2.Heat cured Poly-methyl methacrylate (PMMA)
(Acrostone Co. Ltd. Egypt).

3.Aryldiazonium salts which was prepared from [P-
phenylenediamine (PPD), sodium nitrite (NaNO2),
sodium dodecyl sulfate (SDS), benzoyl peroxide (BP),
and iron powder (Fe)].

4.Hydrochloric acid (HCI) of 0.5 M concentration (El-
Gomhouria. CO, for chemicals & medical Supplies,
Egypt).

Seventy two tensile bar specimens were prepared in
such a way that half of the bar was made of Co-Cr alloy and
the other half made of heat cured acrylic resin. The size,
design and dimensions of the specimens complied with
those of the British standardization (Figure 1) (19).

42mm

| 27mm |

8mm 11mm

S~ 1.5mm &
| Gmm‘

Figure 1: Diagram showing the dimensions of the tensile
bar specimen.

Preparation of the metallic samples:

Seventy two wax patterns were fabricated using special
copper mold (corresponding to half of the tensile bar
specimen), which were then invested and casted in Co-Cr
alloy (Figure 2).

Figure 2: Wax pattern corresponding to half of the tensile
bar specimen and the split copper mold.

After casting, all visible protruding metal fibers on the
surface of each specimen were removed with a bur, finished
and polished. Each specimen was then cleaned ultrasonically
in distilled water for 60s (10).

Sandblasting of the metallic samples:

The surface of each cast specimen was then sandblasted using
110-mm aluminum oxide (Al>Os) at 0.25MPa for 30 s, and
then cleaned with water in an ultrasonic bath for 10 min (14).
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After sandblasting, the cast specimens were then
randomly assigned to three equal groups according to the
surface treatments:

Group I: sandblasting only (control group).

Group II: sandblasting + Aryldiazonium salts.

Group III: sandblasting + Nd:YAG laser.

Surface preparations

Aryldiazonium salts application:

The surface treatment of metal samples using
Aryldiazonium salts was performed in a two steps protocol
(priming and adhesive). Both steps were carried out in
acidic DW solution at pH < 2, since Diazonium cations are
stable at pH < 2.5, at room temperature in a simple glass
beaker (17).

The priming step was conducted as follows:

1. PPD (0.054 g) and NaNO2 (0.034 g) were dissolved in
a glass beaker containing 10 ml of 0.5 M HCI.

2. The solution was ultrasonicated for 5 min to produce
Aryldiazonium salt.

3. The metallic samples were immersed in the previous
solution and Fe powder (0.250 g) was added as a
reducing agent to produce Aryl radicals (the resultant
Aryl radicals are nominated Polyaminophenyleng).

4. The samples were left to react for 15 min.

5. Ultrasonicating the samples in DW and acetone for 5
min.

The previously mentioned steps’ (priming). lead to
spontaneous grafting of a Polyaminophenylene (PAP) layer
on the metallic samples. These samples are referred to as
metal-PAP from here onwards.

The second (adhesive) step to optimize the adhesion of
MMA to metal-PAP samples was conducted as follows:

1) NaNO;(0.034 g) was dissolved in 10 ml of 0.5 M HCI.

2) The metal-PAP samples were introduced in the
solution.

3) Adding Fe powder(0.250 g) to the solution.

4) Surfactant (SDS, 0.026 g) was added. along with the
monomer (MMA) to help emulsify the hydrophobic
monomer.

5) The reaction was allowed to continue for 15 min in the
ultrasonic bath.

6) An initiator (BP) was added after the 15 min sonication
stage to accelerate the polymerization reaction on the
metallic surface.

7) The reaction was allowed to continue for another 30 min
on the bench top; during this' period the monomer
polymerized forming a layer of PMMA on the metallic
surface.

8) Finally, the samples were thoroughly rinsed with
acetone, and then ultrasonicated in DW and acetone for
5 min in order to discard any ungrafted matter.

Laser surface treatment:

The sandblasted Group 1ll was treated with an Nd:YAG

laser with a wavelength of 1,064nm. The parameters used

for laser surface treatment were 1.30 KV potential, 84.4 mJ
energy, 1Hz frequency, and 10 pulses for every spot.

The laser beam was directed perpendicular to the surface
of the specimen. This laser beam was collimated using
optical lens with 10 cm focal length. The specimen was
mounted on a scaled wheel at a distance of 10 cm from the
lens (focal length). A laser spot was made every five
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degrees on the scale to form a continuous circular line on
the periphery of the specimen (14).

Bonding of heat cured PMMA to Co-Cr alloy specimens:
Full size tensile bar specimens were constructed by milling
from copper material and invested in dental stone in a
conventional dental flask (three per flask). After dental
stone has set, the copper specimens were removed carefully
from the flask, as they left empty mold cavities
corresponding to the full size of the tensile bar specimens.
After that, the surface treated alloy specimens were placed
in the mold cavities to fill half of the space (Figure 3).

Figure 3: The surface treated alloy specimens placed in the
mold cavities.

Heat cured PMMA was prepared according to the
manufacturer’s instructions, packed into the stone cavity,
and then polymerized in denture flasks. Once
polymerization completes, the denture flask was allowed to
cool slowly at room temperature before deflasking of the
speicimens (Figure 4) (20).

it }

M

Figure 4: Heat cured PMMA-alloy specimens.

Determination of the bond strength:

The tensile bond strength of each heat cured PMMA-alloy
specimen was determined in air at room temperature using
Universal testing machine (Figure 5).
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Figure 5: Universal testing machine.

All specimens were mounted on the Universal testing
machine and were debonded in tension at a crosshead speed
0.5 mm\min until the specimen failed. The load in
kilograms at which the specimens were debonded was
recorded.

Tensile bond strength was expressed by dividing the load
in kilograms by the surface area of the bonded surface of the
tensile bar in centimeters square.

Bond strength _Load at failure.

Kg cm?
(S) = Surface area

Surface area= r? =3.14x (0.4) = 0.5024 cm?
n=23.14 r = radius of the cross sectional
surface of the tensile bar = 0.4 cm.
Tensile bond strength values in Kgs\cm? were converted
into Mega Pascal by manipulating x 0.0980665. Then, the
results were tabulated and statistically compared (17).
Scanning electron microscopy:
Scanning electron microscope images were taken to analyze
the interface between heat cured PMMA to Co-Cr alloy at the
surface of the treated side. Images were taken at specific
position marked in all specimens.

The specimens were gold coated using.a sputter coating
machine. Then, they were mounted on aluminum table
using a double sided tape to ‘stabilize the specimens for
viewing in the SEM chamber (21).

Statistical analysis

Data were analyzed statistically "using a computerized
statistical software program (IBM SPSS software package
version 20.0. (Armonk, NY: IBM Corp)). The differences in
the mean tensile bond strength were analyzed using F test
(ANOVA), while comparison between the mean values of the
gap was analyzed using Kruskal-Wallis test. The Pairwise
comparison between each two groups was done using Post
Hoc Test (Tukey). Significance of the obtained results was
judged at the 5% level.

RESULTS

1- Evaluation of the tensile bond strength

The mean tensile bond strength (Mega Pascal) between
PMMA and the Co-Cr alloy after the various surface
treatments are summarized in Table (1) which was as
follows group | (1.624), group 1l (3.288) and group Il
(3.432).
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Table (1): Comparison between the three study groups according
to tensile bond strength (Mega Pascal)

Tensile bond
strength Group Il
(Mega (n=24)
Pascal)

2.072 -
4.452

3.288 + * *
51.527" | <0.001
Mean + SD. 0580

Median 3.244

Min. — Max.

F: F for ANOVA test, Pairwise comparison bet. each 2 groups
was done using Post Hoc Test (Tukey)

p: p value for comparing between the three groups

*: Statistically significant at p < 0.05

Group I: Sandblasting

Group Il: Aryl diazonium salts

Group 1: ND: YAG Laser

The mean tensile bond strength of laser surface
treatment of the sandblasted surface was higher than that
after applying Aryldiazonium salts to the sandblasted
surface. Also, we found that the tensile bond strengths were
the highest when the sandblasted surfaces were treated with
Nd:YAG laser, and lowest in the sandblasted-only surfaces.

By analyzing the data using one way ANOVA test, we
found that all groups have significantly higher mean values
for tensile bond strength in comparison with the control
group (p<0.05).

Table (2) showed the results.of Post Hoc Test (Tukey)
which compared between each two groups. A significant
differences in the tensile bond strength were found between
group | and the other two groups &Il (p<0.05).While,
non-significant difference in the tensile bond strength was
found between group Il and group 111 (p>0.05).

Table (2): Comparison between each two groups according to
tensile bond strength (Mega Pascal)

Groups p Significance

Group | - Group Il <0.001" Significant

Group I - Group 111 <0.001" Significant

Group Il - Group |11 0.749

Non-significant
Comparison between each 2 groups using Post Hoc Test (Tukey)
p: p value for comparing between each 2groups

*: Statistically significant at p < 0.05

Group I: Sandblasting

Group Il: Aryl diazonium salts

Group I1l: ND: YAG Laser

2- Scanning electron microscopy

Scanning electron microscope (SEM) images showed that
group | (sandblast) specimens exhibited obvious wide space
or gap at the interface between heat cured PMMA and Co-
Cr alloy. This gap was narrower in group Il when the
sandblasted surfaces were treated with Nd:YAG laser. On
the other hand, this gap was dramatically reduced and in
certain positions was not detected at the interface between
heat cured PMMA and Co-Cr alloy after Aryldiazonium
salts application (group I1) (Figure 6).
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Laser surface treatment Chemical surface treatment

Sand blasting
Figure 6: Scanning electron microscope (SEM) images
showing the interface between heat cured PMMA to Co-Cr
alloy in the three groups.

Table (3) showed the mean value of the gap
(Micrometer) at the interface between heat cured PMMA
and Co-Cr alloy which was as follows group | (4.69), group
11 (0.52) and group 111 (1.38).

By analyzing the data using Kruskal-Wallis test, a
significant difference in the value of the gap was found
between the three groups (p<0.05). Additionally, Post Hoc
Test (Tukey) revealed a significant difference between each
two groups (p<0.05).

Table (3): Comparison between the three study groups according
to the value of the gap at the interface between heat cured PMMA
and Co-Cr alloy (Micrometer).

Value of the Group | | Group II Group
gapatthe (n = 24) (n = 24) 111
interface (n=24)

085 -
3.67

138 =
0.59

4.85 0.65 1.22

Min. - Max. 2.68-7.90 {0.0-1.20

4.69+1.43|0.52+0.44

P:1<0.001%; p,<0.001", ps<0.001"

H: H for Kruskal Wallis test, Pairwise comparison between each
2 groups was done using Post Hoc Test.

p: p value for comparing between the three groups

p1: p value for comparing between Group I and Group |1

pz: p value for comparing between Group I and Group 111

ps: p value for comparing between Group Il and Group |11

*: Statistically significant at p <0.05

Group I: Sandblasting

Group IlI: Aryl diazonium salts

Group I11: ND: YAG Laser

DISCUSSION

The serviceability of the removable prosthesis is dependent
on the bond strength at the resin—metal interface. The
absence of bonding at the interface between the resin and
metal can lead to loosening of the resin parts from the metal
or discoloration of the margins between the resin and metal
(22).

The difference in the coefficients of thermal expansion
between the metal and resin contributes to the deterioration
at the junction between the two materials. In addition, the
polymerization shrinkage of heat-polymerized denture base
resin affects the stress at the resin-metal interface (23).

Poor bonding at the metal-resin interface might cause
microleakage leading to the ingress of oral fluids and
microorganisms. The increased presence  of
microorganisms and plague may cause an unfavorable
response of the adjacent soft tissues especially in the region
of marginal gingivae and discoloration of the acrylic resin
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base material. Also, incomplete fracture or total separation
of the resin can occur. Improvement of acrylic resin to metal
bond strength could enhance clinical success (24).

Significant research has focused on improving the bond
between acrylic resin and metal to withstand the occlusal
forces and endure the oral environment. The current study
evaluated the effect of Nd:YAG laser surface treatment and
Aryldiazonium salts of Co-Cr alloy on its bond strength
with heat cured acrylic resin.

The bond strength between the untreated polished Co-Cr
alloy and heat cured PMMA was very low, indicating that
the mechanical and chemical bonds were minimal. In fact it
is extremely difficult to test the bond between a polished
Co-Cr surface and PMMA, since the samples tend to fail
very easily (25). This was the reason for choosing the
sandblasting only as the control group.

The current study stated that the lowest value of the
tensile bond strength.was found in group | specimens. This
may be attributed to poor adaptation of the resin to the
complex surface topography of the Co-Cr alloy after
sandblasting as found by Barclay et al (26). They offered
two reasons for this latter conclusion. First, PMMA beads
are unable to fully penetrate the roughened contact area on
a Co-Cr alloy surface after sandblasting. Second, Alumina
particles become embedded in the sandblasted Co-Cr alloy
surfaces, and prevent the PMMA beads from flowing into
the roughened surface.

The Diazonium chemistry‘method that we used to bind
PMMA and dental alloys consisted of two steps in order to
achieve covalent binding between metals and PMMA for
applications in ‘dental prostheses. The addition of an
emulsifier, such ‘as SDS, seemed to have improved this
outcome of the reaction probably by increasing the
availability of MMA to the treated surface because MMA is
a_hydrophobic monomer, slightly soluble in the aqueous
solution used to modify the Co-Cr surface (27).

Heat cured PMMA polymerizes by free radical addition
polymerization, which requires the presence of an initiator
such as BP to start. Benzoyl Peroxide radicals react with
MMA and create MMA radicals, which then propagate and
polymerize layers of PMMA. In addition, BP seems to
increase the reactivity of MMA and its polymerization rate
on the PAP layer (28).

This study revealed that Aryldiazonium salts application
increased the tensile bond strength between Co-Cr alloy and
heat cured acrylic resin from 1.62 (control) to 3.29 MPa.
Similarly, Alageel et al (17) found that the mechanical test
results showed increasing the tensile bond strength between
Ti and PMMA after Aryldiazonium salts application. Also,
the shear bond strength between stainless steel wrought wire
and PMMA was significantly higher when the wire was
treated with Aryldiazonium salts than when it was left
untreated. The resulting high bond strength indicates the
formation of PMMA layer on the top of metal-PAP layer
that can entangle very strongly with the PMMA chains
casted on the sample (17).

The laser surface treatment seems to be a very promising
approach. This relatively new technology bears a high
potential for a fast, precise, and nearly damage-free material
processing (29, 30).

The current study found that Nd:YAG laser surface
treatment increased the tensile bond strength between Co-
Cr alloy and heat cured acrylic resin from 1.62 (control) to
3.43 MPa. Similarly, Yilmaz et al (14) reported that the
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shear bond strength between PMMA and the Co-Cr alloy
after Nd:YAG laser irradiation of the sandblasted surface
was greater than that after applying primer to the
sandblasted surface, and were twice as strong as the
sandblasted only specimens.

In both studies, the surface of the alloy was first
sandblasted and then laser irradiated. As a consequence, the
penetrability of the PMMA beads was greater than that for
the sandblasted surfaces, and could explain why the tensile
bond strength of the group I11 specimens were higher than
those of the Group | specimens (14).

Murray et al (31) stated that the tensile bond strength of
the surfaces which had been both sandblasted and lased
were significantly greater than surfaces with sandblasting or
lasing alone. Imaging of these surfaces following
preparation indicates that significant differences are present
between the lased and sandblasted surface morphology,
which are predominantly responsible for the differences in
bond strengths.

Also, Cho and Jung (32) demonstrated that laser etching
is an effective method for producing an appropriate surface
roughness for titanium. Similarly, Wagner (33) reported
that laser and electron-beam thermal treatments could-be
used for modification of the microstructure of titanium
surfaces without contamination, providing® optimal
roughness.

On the other hand, Kim and Cho (13) detected that laser
etching of titanium surfaces using an Nd:YAG laser
demonstrated no significant difference in bond strength
with low-fusing porcelain compared to airborne particle-
abrasion surfaces. They explained that surface pattern of the
laser treated specimen appears smooth rather than rough,
compared with the airborne-particle-abrasion groups that
showed an irregular or hollowed appearance.

The Scanning electron microscope (SEM) examination
of the specimens in the current study revealed the presence
of wide gaps at the interface between heat cured PMMA and
Co-Cr alloy in group I. On the other hand, narrower gaps
were detected in group Il specimens. This:is attributed to
the increase in the penetrability of the PMMA beads.into the
metal alloy surface after the laser surface treatment(14).
These gaps were dramatically reduced<and in certain
positions were not observed at all in_group Il due to the
presence of covalent binding between heat cured PMMA
and Co-Cr alloy in the specimens treated by Aryldiazonium
salts (17). To the best of our knowledge, no previous studies
discussed this point for comparison of the results.

CONCLUSION

Within the limitations of this study, the following
conclusions were drawn:

. Laser and chemical surface treatments showed a significant
improvement in the tensile bond strength between Co-Cr
alloy and heat cured acrylic resin.

. No difference was detected in the bond strength between
Co-Cr alloy and heat cured acrylic resin after laser and
Aryldiazonium salts surface treatments.

. Chemical surface treatment (Aryldiazonium salts) is better
than laser surface treatment in improving the marginal seal
at the finish line between metal and acrylic resin to decrease
microleakage.
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