Experimental Study on the Influence of Zirconia Surface Preparation
on Deposition of Hydroxyapatite
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The present article is a preliminary study focused on the influence of zirconia surface on deposition of
hydroxyapatite. The surface characteristics are very important for deposition of various materials. Most of
the studies on zirconia are focused on dopped ZrO, composites or on surface enhancement of these kind of
materials. One of the most important property is the osseointegration which can be enhanced with various
kind of treatments or deposition. Our preliminary study involved the mechanical grinding and respectively
the chemical attack of the surface before the deposition. The results highlights that in order to obtained a
better layer of hydroxyapatite the surface of the zirconia samples need to be prepared by chemical attack.
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At global level there is a high concern for the research
and development of materials for medical and biomedical
applications. The main areas of biomaterial applications
are: orthopedics, cardiovascular surgery, ophthalmology,
dentistry, urology, aesthetic surgery, neurology, suture
materials for wound healing, controlled release drug
delivery systems [1-5].

Biomaterials play an important role not only in the
diagnosis and treatment of a disease, but also in its
subsequent evolution, because on contact with living
matter, the reciprocal biomaterial-organism reaction can
be beneficial or harmful [3-8].

The first introduced in dentistry was ceramics with in
the form of coatings onto metal-based endosseous
implants. Zirconia is a material that recently appeared
and revolutionized dentistry due to its physico-chemical
characteristics and biological behavior towards superior
tissue structures compared to all other metallic and non-
metallic materials that have been experimented and used
in the field of implantology [1-5].

In last decade, hydroxyapatite (HAp), and zirconium was
used as implant materials but only recently has been
achieved composite materials (HAp-ZrO,) which
combines the properties of the two components
Hydroxyapatite exhibits increased biocompatibility and
osteoconductivity increased to strong tissues, such as bones
and teeth, and has been used successfully as replacements
or fillings for such tissues. Pure HAp is a white substance,
natural apatites can have different shades of brown, yellow
or green. HAp may also be used as a coating for metallic
prostheses. However, hydroxyapatite exhibits mechanical
strength and lower tenacity than bones, so HAp applications
as bioceramic are somewhat limited. To improve the
mechanical properties of HAp, it was combined with ZrO,,
Zirconia (zirconium dioxide - ZrO,) has blocompatlblllty
and has high mechanical strength and has been used in
orthopedics such as knee and hip joints [9-16].
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Although the bone mineral part is almost identical to
synthetic hydroxyapatite, there are some differences that
occur both at the biological and mechanical levels.

In the following table we compare the mechanical
properties of natural bone, synthetic hydroxyapatite and
zirconia.

Table 1
MECHANICAL PROPERTIES OF BONE, HA AND ZIRCONIA

Compressive Strength | Elasticity modulus
(2MPa) (GPa)
Natural bone 90-230 3817
Sinthetic HA 500-200 35120
ZLirconia =2000 190-210

The work went from recent bibliographic studies on
Zirconia alloys, being the starting point for improving a
hydroxyapatite deposition on zirconia material to improve
osseointegration, for restorative dentistry in general and
oral implantology.

Experimental part
Materials and methods

The surface preparation of the ceramic samples is very
important for the uniformity and adherence of the
hydroxyapatite layer.

The studied zirconia is a commercial one used by
dental shops. The samples were prepared as blocks. The
surfaces used for deposition were prepared by mechanical
grinding (up to a grit of 500) and respectively chemical
attack (sulphuric acid solution).

The layers were deposited by biomimetic deposition
technique. In order to obtain the deposition of thin crystalline
hydroxyapapatite layers by biomimetic method we used a
solution based on high concentration ions in calcium and
phoshates (Simulated Body Fluid - SBF). The SBF solution
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Ton Na~ Ca™ Mg™ K HFO" [ (8047 | (HCOs Table 2
IONIC CONCENTRATION
SEF 1410 13 13 50 1478 1.0 0.3 432 FROM SBE And Blood
Blood plasma 142.0 23 15 50 103.0 1.0 0.3 270 Plasma [Mmol/L]

is obtained by dissolving in demineralised water of the
following substances. NaCl, NaHCO,, KCI, Na,HPO,,
MgCl, . 6H,0, CaCl, 2H,0, Na, SO HCl and (CH OH) CNH:

The ionic concentrations from the SBF solution
compared with blood plasma are presented in table 2.

For surface characterization a SEM Tescan Vega Il LSH
was used, being coupled with a Bruker EDX for the
evaluation of composition.

Results and discussions

The performance of the material in oral implantology
today requires the review and assessment of the means
that essentially contribute to ensuring the implant’s stability
and durability, starting from the nature of the biomaterial
and continuing with the characteristics of the optimally
designed sample.

The formation and deposition of the hydroxyapatite layer
on the surface of immersed solids in the SBF biomimetic
solution involves the production of chemical reactions in
the biomimetic environment, the most important being
the conversion of hydrogen phosphate into phosphate and
hydrons. Only then is HA precipitated.

Our preliminary results highlights that in order to
obtained a better layer of hydroxyapatite the surface of the
zirconia samples need to be prepared by chemical attack,
as it can be observed in figure 1.

Fig. 1. ThSM Images at 500 and anlflcatlon a -support
surface, b -deposited surface without preparation, ¢ - mechanical
grinded surface, and d - chemical attacked surface
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Unlike other calcium phosphate compounds, HA is very
stable under physiological conditions and is
thermodynamically stable at physiological pH with an
active role in bone remodelling by forming strong chemical
bonds with the surrounding bone.

Although initially this implanted material has lower
mechanical properties than the bone, it has been
demonstrated in an in vivo experiment for 6 months that
after this period due to the bindings produced, the
mechanical strength may be superior to that of the patient’s
bone [17,18].

In table 3 is presented the elemental composition
determined by EDX of the sample surfaces.

Table 3
THE ELEMENTAL COMPOSITION ON THE SURFACE OF THE
SAMPLES
Weight No Mechanical | Chemical
e preparation | grinding attack
Zirconium 3054 31.66 3261
Phosphorus 935 8.13 12.63
Calcium 1.42 1.63 277
Oxygen 1969 3756 3258
100 104 10

From the images and the composition it is obvious that
the chemical attack with sulphuric acid influences the
deposition of the hydroxyapatite on the sample, having a
more rough surface.

Conclusions

The deposition of the hydroxyapatite on zirconia can
enhance the osseointegration of the material when used
for dental or similar applications. The study provides a step
forward for the better use of zirconia implants.

From the scanning electron microscopy images coupled
with EDX analysis resulted clearly a better deposition of
the layer on the samples prepare on surface with a
chemical attack.
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