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ABSTRACT Objective: Zirconia dental implants are an alternative
to titanium. Various studies have been carried out in order to improve
the surface properties of zirconia implants like titanium implants. The
aim of this study is to evaluate the resistance and bioactivity of zir-
conia dental implant materials coated with different ratios of hydrox-
yapatite and wollastonite powders by plasma spray method. Material
and Methods: The bond strength between the zirconia and the coat-
ings was measured according to the ASTM C-633 standard. The data
were obtained by using one-way analysis of variance. Differences be-
tween the groups were determined by Post Hoc Tukey HSD test. Ex-
amples prepared for bioactivity testing were kept in 37 oC simulated
body fluid for 2, 7, 14- and 21-day periods. Changes in the sample
surfaces were analyzed by scanning electron microscopy using en-
ergy distribution x-ray spectrometry and x-ray diffraction device. Re-
sult: Bonding values of coatings containing different ratios of W were
found to be significantly higher than pure HA coatings (p<0.05). Con-
clusion: All sample groups used in the study showed bioactive prop-
erties in simulated body fluid.

Keywords: Zirconia implant; plasma spray; wollastonite;
hydroxyapatite; bioactivity; simulated body fluid

OZET Amag: Zirkonya, titanyuma alternatif olarak kullanilan dental
implant materyalidir. Zirkonya implantlarin yiizey 6zelliklerinin gelis-
tirilmesi i¢in bir ¢ok ¢alisma yapilmaktadir. Bu ¢aligmanin amaci farkl
oranlarda vollastonit ve hidroksiapatitle kaplanmis zirkonyanin bag-
lant1 dayaniklilig1 ve biyoaktivitesini degerlendirmektir. Gere¢ ve Yon-
temler: Zirkonya ve kaplama materyali arasindaki baglant1 daya-
nikliligt ASTM C-633 standardina uyularak dlgiildi. Veriler tek yonli
varyans ile analiz edildi. Gruplar arasi fark Post Hoc Tukey HSD testi
ile saptand1. Kaplanmis ornekler 2, 7, 14 ve 21 giinliik periyotlarla 37
derecedeki yapay viicut sivist icerisinde bekletildi. Ornek yiizeylerin-
deki degisimler, x-151n1 spektrometre ve x-1511 difraksiyon dlgebilen
taramali elektron mikroskobu yardimiyla analiz edildi. Bulgular: Vol-
lastonit igeren tiim gruplarda baglanti dayanikliligi ve biyoaktivite de-
gerleri saf hidroksiapatit kapli gruba kiyasla anlamli olarak yiiksek
bulundu (p<0.05). Sonug: Calismanin tiim 6rnek gruplari yapay viicut
stvist igerisinde bioaktif 6zellik gostermistir.

Anahtar Kelimeler: Zirkonya implant; plazma sprey; vollastonit;
hidroksiapatit; bioaktivite; yapay viicut s1visi

Zirconia is used as a dental implant material due
to its high resistance, biocompatibility, and the success
of osseointegration.! Nowadays, zirconia dental im-
plants are used as an alternative to titanium alloy im-
plants for their aesthetic and biochemical properties.*?

The characteristic of the bone-contacting surface
of the implant, as well as the raw material, directly
affects the success of osseointegration.® Many phys-

ical and chemical methods facilitate implant surface
preparation. Plasma spray coating method using bio-
compatible materials has recently become popular.
This method supports the potential of osseointegra-
tion by allowing the implant to be coated with various
biocompatible powders (ceramics, metals, etc.) to
prevent oxidation, corrosion and to ensure heat re-
sistance.’
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The most commonly used materials for surface
coating are the hydroxyapatite and calcium phosphate
salts. Hydroxyapatite is a biocompatible ceramic sub-
stance having a chemical composition and crystal
structure similar to apatite found in the human skeletal
system. Although there are positive outcomes of os-
seointegration regarding the hydroxyapatite coating
layers, studies have reported that there are problems
such as release from the surface and decomposition.®

Wollastonite is a natural ceramic with calcium
metasilicate structure. Studies have shown that wol-
lastonite has a high bioactive potential and a wide
range of use in biomedical applications.”'* Some re-
searchers have noted that wollastonite is more bioac-
tive than hydroxyapatite in simulated body fluid.*!
The aim of this study is in-vitro evaluation of the suc-
cess of hydroxyapatite and wollastonite bioceramic
materials on the surface of the zirconia dental im-
plant. In our study, zirconia samples having similar
content used in dentistry were coated by means of the
plasma spray. Bond strength and bioactivity of the
bioceramic coated samples were examined.

I MATERIALS AND METHODS

This study was conducted in Gazi University, Faculty
of Dentistry and Sakarya University, Thermal Spray
Research and Application Laboratory. Our study is
an in vitro material experiment so there was no need
to ethical approval.

In the study, semi-sintered yttria and stabilized
tetragonal zirconia polycrystalline samples (Ice Zir-
con; Zirkonzahn, Gais, Italy) were coated with the
mixture of hydroxyapatite (HA) and wollastonite (W)
powders in different proportions by using plasma
spray method. We used fabricated products having
chemical properties of certain standards called HA
powder Captal® 30 S Hydroxylapatite (Plasma Biotal
Ltd., Derbyshire, UK), W powder Calcium silicate,
meta, Reagent Grade (Alfa Aesar GmbH & Co., Karl-
shure, Germany) for the coating.

PREPARATION OF POWDER MIXTURES

Before the preparation of HA and W powder mixtures,
the powders were dried in an oven (Niive FN 500,
Ankara, Turkey) at 75 °C for 1 hour. Four different
coating materials were obtained according to the dif-
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TABLE 1: Powder mixtures prepared and their abbreviated
names.
Mixing Ratio Abbrev. Total
100% Hydroxyapatite HA 300g
70% HA 30% Wollastonite H7W3 210g HA + 90g W = 300g
30% HA 70% Wollastonite H3W7 90g HA +210g W = 300g
100% Wollastonite W 300g

ferent mixing ratios by considering the studies per-
formed with the W powder mixture as indicated in
Table 1.13V7

H7W3 and H3W7 powder mixtures were stirred
in a three-axis automatic mixer for one hour each to
make them as homogeneous as possible (Turbula,
Willy A. Bachofen AG Maschinenfabrik, Muttenz,
Switzerland). Scanning electron microscope (SEM)
images were also examined to observe the homo-
geneity of the mixtures at the microscopic level.

PREPARATION OF ZIRCONIA SAMPLES

Samples in different geometric shapes for different
researches were formed by CAD-CAM milling
(Yenamak D40, istanbul, Turkey) from the blocks in
the structure of tetragonal zirconia polycrystalline
stabilized with semi-sintered yttria (YTZP). In order
to measure the bonding values, 20-cylinder samples
with 25.4 mm diameter and 10 mm height were pre-
pared in compliance with ASTM C633.'% standard;
for bioactivity test, 40 pieces of square prism sam-
ples with 10 mm x 10 mm x 5 mm dimensions were
prepared (Figure 1). All samples obtained by milling

FIGURE 1: The image of zirconia samples before and after coating.
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were subjected to the sintering process at 1500 °C by
gradually heating in an oven (Tegra MP1500, istan-
bul, Turkey) for 10 hours.

PLASMA SPRAY COATING PROCESS

Sintered sample surfaces were sandblasted with 3 atm
pressure for 20 seconds at a distance of 120 mm from
a 90° angle with A1203 powders (Sicheng, Henan,
China) with the F60 particle size (250um). After-
wards they were cleaned with high-pressure air and
prepared for plasma spray process.'>!”

The sandblasted samples were fixed with a metal
holder and positioned perpendicular to the plasma
spray flame at a 100 mm distance and the samples
heated (Figure 2). After heating, the samples were
separated into groups according to the coating type
with HA, H7W3, H3W7 and W powders using the
plasma spray parameters specified in Table 2 (F4-
MB, Sulzer Metco, Basel, Switzerland).

EXAMINATION OF PLASMA SPRAY COATINGS USING
SCANNING ELECTRON MICROSCOPE

Sample surfaces and sections of the samples were ex-
amined with SEM (Tegrapol-21, Struers, Denmark)
to analyze the microstructure of the coatings.?

MEASURING BONDING STRENGTH AND STATISTICS

Resistance testing according to the ASTM C-633
standard was applied to measure the bond strength
between the coating material and the zirconia surface
(2050, Zwick Roell, Ulm, Germany). The tensile
force with the speed of 0.013 mm/sec - 0.021 mm/sec
was applied to the specimens prepared for the test
until a rupture was observed. The bonding strength
value (MPa) at the time of rupture was calculated by
dividing the highest applied force (N) to the bonding
surface area (mm?).

Data obtained from the groups were evaluated
using one-way analysis of variance (ANOVA)
(Minitab16, Minitab Incorporation, Pennsylvania,
U.S.A). Differences between the groups were exam-
ined by the method of Post Hoc Tukey HSD.

EVALUATION OF BIOACTIVITY OF SAMPLES

Simulated body fluid (SBF) having 35-38°C with pH
values between 7.40-7.45 was prepared using the com-
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FIGURE 2: Plasma spray device used in coating process.

TABLE 2: Plasma spray parameters.
Argon 60 nlpm
Hydrogen 10 nlpm
Hydrogen (Carrier gas) 3,5 nlpm
Disk speed 18,5%
Scan speed (coating) 300mm/sec
Scanning speed (heating) 500mm/sec
Voltage 68V
Ampere 600A
Airjet 3 bar
Distance 100 mm

ponents specified in Table 3 in order to evaluate the
bioactivities of the samples coated with bioceramics.”!

Plasma spray coated samples were kept in an
acetone bath using ultrasonic cleaner (Sonorex, Ban-
delin Electronic GmbH & Co., Berlin, Germany) be-
fore being placed in the SBF.!"?> The samples were
rinsed with distilled water after the acetone bath and
dried at room temperature. Following the SBF for
bioactivity test, samples were kept in the oven at 37°C
(Niive FN 400, Ankara, Turkey) for 2, 7, 14 and 21-
day periods.'"*® The SBF solutions used during the
experiment period were renewed every other day.
Following the incubation period, the samples were
rinsed with distilled water and dried at room temper-
ature. Afterwards, they were examined by scanning
electron microscope-energy dispersive spectroscopy
(SEM-EDS) and X-Ray Diffraction (XRD) methods.

SURFACE ANALYSIS OF SAMPLES
SEM-EDS Analysis

After the bioactivity test was completed on the
samples coated with gold, an EDS connected SEM
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TABLE 3: Compounds used in simulated body fluid preparation.
Compound Qty. (9) Purity % Formula weight
1 NaCl 8.039 99.5 58.4430 (Merck,6400,Germany)
2 NaHCO,4 0.355 99.5 84.0068 (Merck,6323,Germany)
8 KCl 0.225 99.5 74.5515 (Merck,4935,Germany)
4 K,HPO, - 3H,0 0.231 99.0 228.2220 (Merck,5099,Germany)
5 MgCl, - 6 H,0 0.311 98.0 203.3034 (Merck,5833,Germany)
6 1.0M-HCI 39ml (Merck, 314, Germany)
7 CaCl, 0.292 95.0 110.9848 (Merck,2387,Germany)
8 Na,SO4 0.072 99.0 142.0428 (Merck,134462,Germany)
9 Tris(hydroxymethyl)aminomethane 6.118 99.0 121.1358 (Merck,8387,Germany)
HNC(CH,0H)5
10 1.0M-HCI 0-5ml (Merck,314, Germany)
(Vega II, Tescan, PA, USA) device was used to ex- I
amine the changes on the surface. While the mi- RESULTS

crostructures of the sample surface were examined
with SEM at an alternating voltage of 20 kV, the
chemical analyzes of the particles on the surface were
performed with EDS.

XRD Analysls

Surface analyzes of the samples were performed
with XRD apparatus using a monochromatic CuK a
beam (40kV, 36 mA) (D/Max 2200, Rigaku Co,
Tokyo, Japan). Sample surfaces were scanned with
2°/min between the angles of 20: 10°-90° and their
density values were recorded graphically.”*

WD 7476 mm
Det BSFE

N TV 2000 KV
MAG 100 kx
FIGURE 3: The SEM image taken at 1000x magnification of the HA-coated
sample surfaces. The white arrow indicates the fully melted particle. The yel-
low arrow indicates the partially-melted particles. The red arrow indicates
micro-cracks.

VEGAW TESCAN
”
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SURFACE SEM IMAGES OF PLASMA SPRAY COATINGS

Fully melted and partially-melted particles can be
seen on the sample surface coated with HA. Micro-
cracks are observed on the surface (Figure 3).

In the sample surface covered with H7W3 pow-
der, fully melted, partially-melted and non-melted
pieces are observed. Micro-crack formation is ob-
served less than HA group (Figure 4).

On the surface of the samples coated with
H3W7 powder, fully melted particles are observed
to be more intense than the partially and non-melted

WD: 15,00 mm
Det BSE

SEM HV: 20,00 kV

EM MAG: 1.00 kx
FIGURE 4: The SEM image taken at 1000x magnification of the H7W3-coa-
ted sample surfaces. The white arrow indicates the fully melted particle. The
yellow arrow indicates the partially-melted particles. The red arrow indicates
micro-cracks.
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particles. Microfractures are seen throughout the
surface (Figure 5). There are fully and partially-
melted particles found on the sample surfaces cov-
ered with W powder. A small amount of
micro-crack formation is observed on the sample
surface (Figure 6).

SECTIONAL SEM IMAGES OF PLASMA SPRAY COATED
SAMPLES

The contact surface between the coating and zirconia
and the coating layers is clearly seen on the sections
taken (Figure 7).

In the cross-sectional examination of the HA
coating, microcracks were observed in the coating
layer horizontally and vertically. The HA coating was
in lamellae structure and contains porosity. In the
SEM images, significant separations were found in
the HA coating-zirconia interface bond area com-
pared to the other groups.

In the H7W3 coating section, it was observed
that the coating consisting of hydroxyapatite and wol-
lastonite powders exhibited lamellas structure and
contained some porosity.

A small amount of horizontal and vertical microc-
racks were identified in the examined areas. No sep-
aration was found in the interface bond zone.

In the cross-sectional examination of the H3W7
coating, lamella structure consisting of wollastonite
and hydroxyapatite powders can be observed. A small
number of microcracks and porosity in the structure
was observed.

In the W coating section analysis, it is possible to
state a dense coating with less porosity compared to
the other groups. A small amount of micro-crack is
observed in the coating layer; W coating and zirconia
bonding area show continuity.

BOND STRENGTH VALUES AND STATISTICS OF PLASMA
SPRAY COATINGS

The surface images and bond strength values of the
samples subjected to ASTM C-633 standard resist-
ance tests are shown in Figure 8.

Average bond strength values, standard devia-
tion values, lowest and highest bond strength values
obtained from each of the sample groups are given in
Table 4. As a result of one-way analysis of variance,
the p-value was determined as 0.005 which indicated
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SEM HV: 20,00 kV
BEM MAG 100 kx

WD: 7473 mm
Det BSE

FIGURE 5: The SEM image taken at 1000x magnification of the H3W7-coa-
ted sample surfaces. The white arrow indicates the fully melted particle. The
yellow arrow indicates the partially-melted particles. The red arrow indicates
micro-cracks.

VEGAW TESCAN
»

WD: 7.546 mm
Det 8

=T e 2 o 3
[SEM HV: 20.00 kv
M MAG 100k

FIGURE 6: The SEM image taken at 1000x magnification of the W-coated sam-
ple surfaces. The white arrow indicates the fully melted particle. The yellow ar-
row indicates the partially-melted particles. The red arrow indicates micro-cracks.

a statistical difference between the groups (p<0.05).
After the statistical analysis, there was no statistically
significant difference found between the mean bond
values of H7W3, H3W7 and W groups (p>0.05),
whereas the bond strength of the HA group samples
was significantly lower than the bond strength of
other groups (p <0.05).

EVALUATION OF BIOACTIVE PROPERTIES OF SAMPLES

SEM Analyses

Carbonahydroxyapatite (CHA) accumulation
and microcracks were observed in all the coated sur-
faces of the samples which were kept for 2, 7, 14- and
21-days periods in the SBF. It has been noted that in-



Sefik KOLCAKOGLU et al.

Turkiye Klinikleri J Dental Sci. 2020;26(3):331-47

creased incubation time in the SBF, increased the EDS Analyses

layer of CHA accumulated on the surface (Figure 9,
Figure 10, Figure 11, Figure 12).

[SEM HV: 20,00 kV. VEGAW TESCANSEM HV: 20.00 KV
SEM MAG: 1.00 kx 7 SEM MAG: 5.00 kx
Sakarya urwm«yn

VEGA\ TESCANSEM HV: 20,00 kV
7 SEM MAG: .00 kx
sakarya Unwersity B

: B A B
WD: 14.82 mm VEGAW TESCANSEM HV: 20,00 KV
Det BSE SEM MAG: 5.00 kx

Sakarya Unwersity n

SEMHV. 000KV WO: 15.00 mm VEGA\ TESCANSEM HV: 20,00 kV
[SEM MAG: 1.00 kx Det BSE £ SEM MAG: 5.00 kx
Sakarya Unwukyn

WD: 14.96 mm
Det: BSE

WD 14.92 mm
Det BSE

WD: 14.82 mm
Det BSE

WD 14.92 mm
Det BSE

According to the results of EDS analysis of the
samples kept in SBF, a decrease in Ca and P amount

VEGAW TESCAN

Sakarya Unmmﬁyn

VEGAW TESCAN|

Sakarya University n

VEGAW TESCAN

Sakarya University n

VEGAW TESCAN
.

Sakarya University n

FIGURE 7: Samples of H, H7W3, H3W7 and W groups respectively from top to bottom; SEM images at 1000x and 5000x magpnification respectively from left to right.
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FIGURE 8: Surface images and bonding values of samples of HA, H7W3, H3W7 and W groups after tensile test from top to bottom respectively.

was observed in all groups as of the second day. TABLO 4: Statistical summary of bond strength values of

The peak of the silicate which can be observed on sample group.
the EDS analysis of the 2+ day for the H7W3,

N Average MPa Standard deviation Lowest Highest
H3W7 and W groups containing wollastonite pow- HA 5 2 2,345 Y 2%
der cannot be seen in the surface analysis of 7, 14 HIW3 5 3 5523 2 38
and 21-day samples (Graph 1, Graph 2, Graph 3, H3W? 5 31 3,082 % 33
Graph 4). W 5 31,66 2,608 28 35
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VEGA\ TESCANSEM HV: 20,00 KV WD. 5.771 mm
7SEM MAG: 5.00kx  Det BSE
‘Sakarya University I View field: 60.32 ym

'VEGAN TESCANSEM HV. 2000 KV WD 6.809 mm
/SEMMAG 5.00kx  Det BSE
sakarya Unwersey [l view teld 60,32 ym

Sakarya unmmvn

15.00 mm VEGAW TESCANSEM HV: 2000 kv WO 7.061 mm
P £ SEM MAG: 5.00 kx
feld: 3016 ym sakarya Unwersty [ view i 6032 ym

SEM MAG: 5,00 kx
View field. 60.32 ym

Det BSE

FIGURE 9: From top to down respectively, images of the HA group samples kept in SBF for 2, 7, 14 and 21 days; at 1000x and 5000x magnification respectively from

left to right.

XRD Analyses

The coated surfaces were examined by using an
X-ray diffraction device to evaluate the bioactive
properties of the sample groups HA, H7W3, H3W7
and W which were kept in SBF for 21 days.
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To evaluate the XRD curves obtained, Tricalcium
phosphate (TCP), hydroxyapatite (HA), calcium oxide
(Ca0), 2M-wollastonite (2M-W), CaSiO3 (W) and
zirconia (ZrO2) XRD reference cards were used.
XRD curves of the groups are given in Graph 5,
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7 SEM MAG: 5,00 kx
Sakarya Universty [l View feid. €0.32 ym

T VEGAN TESCANSEM HV- 20,00 kV

VEGA\ TESCANSEM HV: 20.00 KV
'SEM MAG: 5.00 kx
View field: 60.32 um

SEM MAG: 5,00 kx
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Sakarya Universty | n

-

B

VEGA\ TESCANSEM HV: 20.00 kv

'SEM MAG: 5.00 kx
View field 60.32 ym

WO: 6.144 mm
Det BSE

VEGA\ TESCAN

sakarya unwersey [

FIGURE 10: From top to down respectively, images of the H7W3 group samples kept in SBF for 2, 7, 14 and 21 days; at 1000x and 5000x magnification respectively

from left to right.

Graph 6, Graph 7 and Graph 8. The peaks obtained in
XRD analyzes coincide with the characteristic peaks
of hydroxyapatite. The XRD curves in the HA,
H7W3, H3W7, and W groups are in consistency with
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the standard diffraction pattern of hydroxyapatite
(Card No: 09-0432). As a result of XRD analysis, it
was concluded that the CHA layer was formed on the
surfaces of HA, H7W3, H3W7 and W sample groups.
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VEGAN TESCANSEN HV: 000KV WO 6 144 mm
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rem— /|

FIGURE 11: From top to down respectively, images of the H3W7 group samples kept in SBF for 2, 7, 14 and 21 days; at 1000x and 5000x magnification respectively

from left to right.

I healing time and to perform an earlier prosthetic load-
DISCUSSION ing 52528
As in titanium alloy implants, zirconia dental implant HA coatings’ which are one of the Coatings made

surfaces were shaped by abrasion or coating in order on titanium implants, have various negative features
to increase the bone implant bonding, to shorten the such as poor bonding resistance, low crystal phase
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VEGAW TESCANSEM HV- 2000kV  WD: 6.183 mm
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SEMMAG 500kx  Det BSE
View field: 60.32 ym

VEGAN TESCANSEM HV. 20,00 kY

sakarya Unwersey [

WD 15,00 mm > VEGA\ TESCANSEM HV: 2000KV WD, 6.500 mm
SEMMAG 500kx  Det BSE

fild. 301.6 pm soarya Urwersey [l view eid 6932 pm

'SEM MAG: 5.00 kx
View field: 60.32 pm

FIGURE 12: From top to down respectively, images of the W group samples kept in SBF for 2, 7, 14 and 21 days; at 1000x and 5000x magnification respectively from

left to right.

ratio, phase change at high temperature during the
plasma spray process and rupture of the coating sur-
face in the body.**? Therefore, some researchers
have aimed to obtain a stronger and more stable
coating by adding different metals/ceramics to the
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hydroxyapatite structure.?***-*! Recently, some stud-
ies have indicated that wollastonite (calcium sili-
cate - CaSiO;) would be suitable as the coating
material due to its bond strength and bioactive prop-
erties‘8,10,ll,32-34
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GRAPH 1: a) 2, b) 7, ¢) 14, d) 21-day EDS analysis of the HA group samples kept in SBF.
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GRAPH 2: a) 2, b) 7, ¢) 14, d) 21-day EDS analysis of the H7W3 group samples kept in SBF.

342



Sefik KOLCAKOGLU et al. Turkiye Klinikleri J Dental Sci. 2020;26(3):331-47
‘ ’ b
c o Na Mg :.T
d
1 |
\
!
GRAPH 3: a) 2, b) 7, ¢) 14, d) 21-day EDS analysis of the H3W7 group samples kept in SBF.
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GRAPH 4: a) 2, b) 7, ¢) 14, d) 21-day EDS analysis of the W group samples kept in SBF.
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GRAPH 5: XRD figure of the HA group sample kept in the SBF for 21 days.
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GRAPH 6: XRD figure of the H7W3 group sample kept in the SBF for 21
days.

In the in-vivo study performed by Xue et al., Ti-
6Al1-4V alloy implants were coated with titanium and
wollastonite using the plasma spray method to form
two experimental groups.** More bone formation was
reported at the end of one month compared to tita-
nium-coated implants on the surface of wollastonite-
coated implants placed in the cortical bone.

In studies examining the microstructure of coat-
ings obtained by plasma spray method on titanium al-
loys, it was stated that wollastonite coatings were
denser than HA coatings and had less porosity and
micro-cracked lamella structure.”!-!%3% In our study,
linear and continuous microcracks increased poros-
ity and marked separation in the interface bond re-
gion were observed in the HA coating group

compared to the other groups. In the H7W3, H3W?7
and W coating groups, a relatively less micro-crack
and pore-containing lamella structure were observed.
The mean binding values for H7W3 and H3W7
groups were significantly higher than the values of
HA group, indicating that addition of wollastonite
strengthens the coating structure.

In our SEM analysis where sample sections were
examined, coating interface bond areas did not show
any continuity in HA coatings. This result supports the
low bonding values obtained from the HA coatings and
shows similarity with many studies.'®!32%-313637 Tt ig
possible to mention a bonding continuity in the
H7W3 group.

In our study, the bond strength values of the
groups containing 100% wollastonite on zirconia
ranged from 28 to 35 MPa.
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GRAPH 7: XRD figure of the H3W7 group sample kept in the SBF for 21
days.
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GRAPH 8: XRD figure of the W group sample kept in the SBF for 21 days.
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The values we obtained were found to be lower
than the pure wollastonite coating studies on titanium
alloys even if they were similar,®!011:13.29.30.33.35

In a study conducted by Liu et al., Ti-6Al-4V al-
loys were coated with wollastonite/ TiO, powder
mixtures prepared in different ratios with plasma
spray method. The bond strength of the pure wollas-
tonite coating was measured at around 40 MPa while
the bond strength of the wollastonite/TiO, compos-
ite coatings was measured at around 30 MPa."?

In another study where wollastonite and zirco-
nia powder mixtures and Ti-6Al-4V alloys were
coated by the plasma spray method, the highest
bond strength was measured in 100% wollastonite
group.'’

In similar studies examining bioactive calcium
silicate ceramics and coatings, bond strength values
of plasma spray coatings on Ti-6Al-4V alloys were
found to be within a range of 39 - 42.8 MPa for pure
wollastonite coatings and approximately 20 MPa
bond value has been reported for pure HA coat-
ings. 1035

In our study, in-vitro bioactivity of coated zirco-
nia samples was tested in SBF for 2, 7, 14- and 21-
day periods. These periods were determined based on
the study of Liu et al. The SBF solution was prepared
as described by Kokubo and Takadama. This method
has been adopted as a standard by the International
Organization for Standardization (ISO) to test in-vitro

bioactive properties of materials.' 2!

The formation of the CHA layer on the surface of
the wollastonite in-vitro environment begins with the
displacement of H" ions in the SBF with Ca*? ions on
the coating surface. Subsequently, the SiO2-rich layer
formed on the surface induces amorphous CaP precip-
itation. The CaP layer formed on the surface is crystal-
lized into the CHA form over time, and it is a known
fact that the layer of CHA accumulated on the surface
becomes thicker as the duration increases.”!!:1%16:2!

In all of the HA, H7W3, H3W7 and W sample
groups which were kept in SBF, the formation of
CHA starting with the precipitation of spherical par-
ticles on the coated surfaces and continuing with the
growth of these particles was observed in the SEM
images and confirmed by XRD analysis. Thickening

345

of the CHA layer was observed with the increase in
incubation period. Our results show a similarity com-
pared with the studies in this field.’!3:16:17.21.24.34.39-42

Liu et al. studied bioactivity of Ti-6Al-4V alloy
samples in which calcium silicate was coated by
plasma spray method. It was stated that CHA pre-
cipitation occurred within one hour on the sample
surfaces kept in the SBF and the surface was com-
pletely covered with apatite layer within the first 24
hours in the bioactivity tests.”!!

In all of the HA, H7W3, H3W7 and W groups
that we have carried out bioactivity test, forming of
microcracks in the CHA layer was observed by SEM
images. Researchers have observed the occurrence of
micro-cracks in the coating and the CHA layer due to
dehydration in the drying process. However, they
have stated that these cracks could not be seen in-vivo
applications since no dehydration in the body may be
experienced. !

When the crack lines in the SEM images obtained
from the sample surfaces were examined carefully;
we have observed that uniform and spherical precipi-
tation occurred during the experiment and microcracks
were formed by dehydration of the apatite layer in the
course of drying the samples extracted from the SBF.
Irregular dislocations in spherical apatite deposits are
consistent with the explanations of Gu et al. and Xie et
al. Many studies that have performed bioactivity test-
ing in this area have observed cracks similar to micro-

cracks seen in our study °!1:1921:2940:4243,

In the bioactivity study where wollastonite and
zirconia powder mixtures and Ti-6Al-4V alloys were
coated with plasma spray method, the CHA deposi-
tion was observed on all coating surfaces except for
the ZrO2 group and microcracks were seen in the
CHA layer.”

In our EDS analysis, Ca and P ratios decreased
over time in all groups. This reduction has been as-
sociated with the dissolution of coatings in SBF
1L12.16.34 Tn the coatings containing wollastonite, the
peaks of the silicium observed in the EDS analysis
on the 2™ day can be associated with the "silicium-
rich layer" formed by the silicium in the structure of
wollastonite. The silicium-rich layer which remains
in the deep layer with the thickening of the CHA layer
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over time cannot be observed in EDS analysis on
days 7, 14 and 21. Failure to monitor the peaks of sili-
cium in studies has been associated with the presence
of thickened CHA 111234

I CONCLUSION

According to the results of our study, we suggest
that the superior properties of zirconia and wollas-
tonite can be combined on a single material. The
results of our study where we conducted in-vitro
analysis of the bond strengths and bioactive prop-
erties of zirconia samples coated with hydroxyap-
atite and wollastonite powders in different ratios are
listed below:

Bond strength values measured between HA
coating and zirconia were found to be significantly
lower than H7W3, H3W7 and W groups.

The highest average bond strength belongs to the
W group containing 100% wollastonite. However,
there was no statistically significant difference be-
tween the bond strength values of H7W3, H3W7 and
W groups containing wollastonite.

All of the hydroxyapatite and wollastonite coat-
ings by plasma spray method on the zirconia samples

exhibited bioactive properties in simulated body fluid
(SBF).
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