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Abstract
Purpose: Bioceramic coatings have been shown to promote bone repair, which aids
in the early integration of implants. This study aimed to evaluate the influence of air
abrasion with a bioceramic abrasive on the surface characteristics of different implant
materials and surfaces. The dissolution of the applied treatment from the surfaces over
3 weeks was also assessed.
Materials and Methods: Discs of three alloys used for dental implants were studied
and compared: two types of commercially pure titanium (CpTi)/ (CpTi SLActive) and
titanium-zirconia (TiZr). The tested surfaces were: CpTi control (CpC), sandblasted
(SB), sandblasted and acid-etched (SBE), and CpTi SLActive®, (TiZr) Roxolid®.
Three discs from each group underwent air abrasion with apatite bioceramic pow-
ders, 95% hydroxyapatite (HA)/5% calcium oxide (CaO), and 90% hydroxyapatite
(HA)/10% calcium oxide (CaO). The treated discs were surface characterized by opti-
cal profilometry to obtain surface roughness, scanning electron microscopy (SEM), and
energy dispersive X-ray spectroscopy (EDS) to compare element weight percentages of
titanium, calcium, and phosphate. Dissolution was assessed using inductively coupled
plasma optic emission spectrometry (ICP-OES).
Results: Bioceramic powders were deposited on all tested surfaces leading to changes
in surface characteristics. The only statistically significant differences between the
material groups for surface roughness were found with 95% HA/5% CaO powder in
the Sp and Rp parameters (p = 0.03 and 0.04, respectively). There were no significant
differences in the Ca and P wt% between all groups and powders 95% HA/5% CaO and
90% HA/10% CaO (p = 0.14, 0.18, and p = 0.15, 0.12, respectively). A non-uniform
dispersion of the treatment on the surface layer was visible on all treated surfaces. The
bioceramic powder continued to dissolute from the tested surfaces for 3 weeks.
Conclusion: Bioceramic abrasion modifies implant surface characteristics, although
the change in surface characteristics resulting from such treatment was not influenced
by the implant material or surface treatment. Air abrasion with hydroxyapatite and
calcium oxide bioceramics leaves powder deposits on the treated implant surfaces that
could potentially influence the healing of implants affected by peri-implantitis.
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Endosseous dental implants are frequently utilized as one
of the treatment methods to restore lost teeth.1,2 Den-
tal implants have good long-term survival and are highly
predictable.2 Replacement of missing teeth with implants
is predicted to rise as a result of an increase in life
expectancy, necessitating further developments to maintain
the stability and functionality of dental implants over the long
term.3

Osseointegration was defined by Albrektsson and Zarb as
the method of maintaining an alloplastic dental implant in the
host bone asymptomatically throughout functional loading.4

One of the six crucial elements for effective anchoring of
a dental implant in the host bone is the implant surface.5

The implant surface has a major impact on the early stage of
osteoblast cell response and influences how well the implant
integrates into the surrounding bone tissues.6 It has been
demonstrated that rougher implant surfaces significantly aid
in the process of the osseointegration of dental implants into
the bone, thus enhancements to implant surface design such
as creating a moderately roughened surface aim to boost suc-
cess rates further or enabling the placed implants to be loaded
sooner.7,8

A further approach to altering implant surfaces relates to
coating the surface. It has been demonstrated that implant
coatings made of hydroxyapatite (HA) and other bioceramic
materials can induce osteogenesis at the host-implant contact
by releasing calcium phosphate ions. Due to the existence
of these mineral components in natural bone, calcium, and
phosphorus-based compounds have been specifically added
as coating materials for dental implants.7 After implantation,
the release of calcium phosphate from the surface coating
saturates nearby biological fluids causing an apatite layer to
precipitate on the implant surface. Titanium surfaces covered
with calcium promote osteoblast cell adhesion, migration,
and proliferation, as well as providing a roughened surface.9

Hydroxyapatite coatings on the surface of implants are fre-
quently applied via plasma spraying,10–12 however, there are
issues with this approach in terms of the coating thickness,
purity and crystallinity, dissolution, adhesion, and fatigue
failure.13,14

Peri-implantitis and mucositis are the two most common
inflammatory conditions leading to implant failure. They
are mainly caused by bacterial colonization of the peri-
implant site.15–17 The prevalence of mucositis has been
noted in over 46% of subjects, while peri-implantitis has
been noted in nearly 20% of subjects.18 The mechani-
cal removal of adherent bacterial biofilm is essential to
resolve the inflammatory condition when treating peri-
implantitis,19,20 with optimal treatment aiming to detoxify
and create a surface that can attract the osteoprogenitor
cells in order to re-osseointegrate. In addition to its use
to prepare new implant surfaces, blasting/air abrasion with
abrasive powders is an effective mechanical method used
to decontaminate infected implant surfaces to manage peri-
implantitis.21–23 Several air abrasive mediums have been used
with air abrasion, such as amino glycine powder and sodium
bicarbonate.24 HA can also be deposited onto titanium sur-

TA B L E 1 Materials and surface modifications used in the study.

Material
Surface
name Surface treatment

CpTi 1 CpC Control (No treatment)

SB Sandblasted with 250 µm Al2O3

SBE Sandblasted 250 µm Al2O3/acid etched
(3%HF/17.5%HNO3)

CpTi 2 TiSLACT Sandblasted 250–500 µm Al2O3/acid etched
(H2SO4/HCl)/rinsed with NaCl under
N2/stored 0.9%NaCl

TiZr RSLACT Sandblasted 250–500 µm Al2O3/acid etched
(H2SO4/HCl)/rinsed with NaCl under
N2/stored 0.9%NaCl

faces using air abrasion,25,26 but little research has been done
on commercially available implants with existing surface
modifications.12,25,26

The aim of this study was to characterize the effect of
airabrasion with bioceramic particles on commercially avail-
able implant surfaces. Previously prepared commercially
available implant surfaces (CpTi) and a titanium-zirconia
(TiZr) alloy were subjected to air abrasion for surface depo-
sition using two novel bioceramic powder combinations
(hydroxyapatite and calcium oxide). SEM and Energy Dis-
persive Spectroscopy (EDS) analysis were used to investigate
the surface and elemental changes between the air-abraded
specimens. The dissolution of the applied treatment from the
surfaces over 3 weeks was also assessed.

MATERIALS AND METHODS

Three substrate implant materials from two companies were
used in this study with different surfaces. Discs of relevant
materials were obtained with surface modifications applied to
the discs by the companies following the same methods used
for the respective commercial products, as described below
and summarized in Table 1.

1. Commercially pure titanium 1 grade 2 (Cp) ASTM F67
discs, 7 mm in diameter and 4 mm thick (S&S Biomat,
Manchester, UK): Control (no treatment) (CpC). Sand-
blasted with 250 µm Al2O3 particles at 5 mm distance
and a pressure of 8 bar, followed by ultrasonic cleaning
for 20 min using an environmentally friendly detergent
(15%─30% anionic surfactants, 5%─15% non-ionic sur-
factants), then washed with hot water and air pressure
three times and dried in an oven (SB). Sandblasted
as above, followed by acid etching in 3% hydrofluoric
acid/17.5% nitric acid solution, followed by wash in dis-
tilled water and heat treatment at 200◦C in an oven for 1 h
(SBE).

2. Commercially pure titanium 2 grade 2 (Ti) discs (CpTi
SLActive®), 5 mm in diameter and 1 mm thick (Insti-
tut Straumann AG, Basel, Switzerland). Sandblasted with
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EFFECT OF BIOCERAMIC POWDER ABRASION 3

large grit 250─500 µm Al2O3 particles and acid etched
with a boiling mixture of sulfuric/hydrochloric acids, then
cleaned in nitric acid, rinsed in deionized water and air
dried, followed by rinsing in NaCl solution under nitrogen
treatment and storage in 0.9% NaCl solution (TiSLACT).

3. Titanium-zirconia alloy (13%─17% Zr) (R) (Roxolid®),
discs 5 mm in diameter and 1 mm thick (Institut Strau-
mann AG, Basel, Switzerland). Sandblasted with large grit
250─500 µm Al2O3 particles and acid etched with a boil-
ing mixture of sulfuric/hydrochloric acids, then cleaned
in nitric acid, rinsed in deionized water and air dried,
followed by rinsing in NaCl solution under nitrogen treat-
ment and storage in 0.9% NaCl solution (RSLACT). Discs
of SLActive® and Roxolid® were received in plastic bot-
tles filled with 0.9% NaCl, all other discs received were
wrapped and sealed.

The powders were: (1) 95% hydroxyapatite (HA), Ca10
(PO4)6(OH)2 mixed with 5% calcium oxide (CaO) (MCD)
(Hitemco Medical Applications, Inc., USA): 95% HA/5%
CaO; (2) 90% hydroxyapatite (HA), Ca10 (PO4)6(OH)2
mixed with 10% calcium oxide (CaO) (MCD) (Hitemco
Medical Applications, Inc., USA): 90% HA/10% CaO.

All discs were rinsed with deionized water and dried with
an air dryer before air abrasion. Bioceramic powders were
deposited by air abrasion onto the specimen. The PrepAirTM
air abrasion unit (Danville, CA, USA) connected to an air
compressor was used for air abrasion. In order to simulate the
clinical situation, the distance between the spraying nozzle
and the specimen was standardized to be 1–2 mm. The air
abrasion was performed using a nozzle (tip size 0.48 mm
× 80 ̊) at 0.41 MPa pressure, spraying time was standardized
to be 2 min over the whole specimen. Pilot testing performed
on different days, comparing different air abraded specimens
using SEM confirmed the reproducibility of the technique.

Before the air abrasion process, the powders in this study
were analyzed using Scanning electron microscopy and
energy dispersive spectroscope (SEM-EDS).

Surface roughness

The surface topography of the air-abraded discs was exam-
ined using an optical profilometer (Talysurf CLI 1000,
Taylor Hobson Precision, UK). Surface measurements were
obtained using the non-contacting confocal gauge measure-
ment (CLA) gauge (300 µm) with the following specifi-
cations: 10 nm resolution at 30 mm/second speed. The
resolution was optimized to obtain the best result at 1001
points/mm. All measurements were made over an area of
1 mm × 1 mm with 1 µm spacing at a bidirectional speed.
The Gaussian filter used was 0.8 mm with a 0.250 mm
cut-off. Each disc was scanned three times over a ran-
domly selected area. The scanned images were analyzed
using Talymap Platinum software. The 3D surface roughness
parameters assessed were Sa, Sp, and Sv, and their equivalent
2D parameters Ra, Rp, and Rv.

Scanning electron microscopy and energy
dispersive spectroscope (SEM-EDS)

An SEM (FEI Quanta 650 FEG) equipped with an energy
dispersive spectroscope (SEM-EDS, FEI Quanta 650 FEG,
Oxford Instruments, UK) was used for surface structure and
elemental analysis. Four specimens comprising one con-
trol (before treatment) and three treated specimens from
each group per powder were examined and compared with
SEM-EDS.

The treated specimens were mounted on aluminum stubs
and loaded on the metal holder inside the SEM-EDS machine.
The discs were assessed at different levels of magnification
at an accelerated voltage of 20 kV and spot size of 3.5 nm,
using both high and low vacuum modes. Elemental analysis
was performed using EDS analysis software (Aztec Soft-
ware, Ver.3.1). The specimens were mapped to determine the
spread of the bioceramic treatment on the surfaces.

Inductively coupled plasma optic emission
spectrometry (ICP-OES)

The ICP-OES (Perkin-Elmer Optima 5300 dual view, MA,
USA) was used to assess the dissolution behavior of the bio-
ceramic treatment. A pilot study was conducted where one
specimen from each group (per powder) was placed in a glass
tube and soaked in 50 mL of deionized water for 3 weeks. All
specimens were then stored in an incubator at 37◦C. A 10 mL
specimen was taken from the test tubes at 1, 2, and 3 weeks.
The concentrations of the Ca2+ and PO4

3+ released over the
3 weeks were assessed.

Sample size

For each group described above, six discs were used (total n
= 30). For each group discs were treated with one of two
apatite abrasive powders of sintered calcium phosphate (CaP,
particle size: 53 µm), such that for each sub-group n = 3.

A sample size calculation (a priori) test was used to detect
the minimum sample size needed for the study to achieve
80% power to detect a difference of 1.87. This is in line
with similar studies using three specimens to evaluate the
surface characteristics of implant surfaces between two inde-
pendent groups of powders, considering a 5% significance
level. 27–31 In this study, nine measurements for each group
per powder were evaluated.

Statistical analysis

A statistical software package (SPSS® Ver. 23, SPSS Inc.,
Chicago, IL) was used for the analysis. A test of normality
revealed that data were not normally distributed and therefore
data were assessed with a nonparametric test. A Kruskal-
Wallis test with multiple pairwise comparisons was used to
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4 ABUHAJAR ET AL.

TA B L E 2 Elemental composition of the bioceramic powders.

Powder O2 (%) Ca (%) P (%) Ca/P ratio

95% HA/5% CaO 63.76 22.79 13.45 1.69

90% HA/10% CaO 78.14 15.59 6.26 2.49

compare the medians with the level of significance set to p =
0.05. For elemental data analysis, element weight percentages
of (Ti, Ca, P) were recorded. The means and standard devi-
ations from the four measurements for each specimen were
calculated.

RESULTS

Powder analysis

The elemental composition of the bioceramic powders in
atomic percentages showed that the two powders were mainly
composed of O, Ca, and P, with some traces of Mg, Al, and
Si (less than 1%) (Table 2).

Surface roughness

Different roughness parameters were recorded after treatment
with different powders. For groups treated with 90% HA/10%
CaO powders, there were no significant differences for all 2D
and 3D roughness measurements across all groups (Figure 1).

The surface roughness medians and ranges for the spec-
imens treated with 95% HA/5% CaO are summarized in
Figure 1. The highest percentage of roughness change in Sa
was recorded for TiSLACT 79.0% (SD 2.75), whereas the

lowest percentage of roughness change in Sa was recorded
for the SB 11.8% (SD 2.38). The highest Sp was recorded
for the CpC 58.03 µm (SD 5.90), whereas the lowest Sp was
recorded for the RSLACT 16.53 µm (SD 2.22). For the Sv
measurements, the TiSLACT group showed the highest value
of 22.23 µm (SD 7.92), while the lowest Sv value of 9.97 µm
(SD 1.78) was recorded for CpC. There was no statistically
significant difference in the Sa, Sv, Ra, and Rv measurements
across all material groups. The only statistically significant
differences between the material groups were found in the
Sp and Rp parameters (p = 0.03 and 0.04, respectively). The
pairwise comparisons for Sp revealed a statistically signifi-
cant difference between CpC and SB, SBE, and RSLACT.
CpC was also statistically different from the SBE for Rp.
However, a comparison of the median differences in the aver-
age 3D roughness parameter Sa values before and after the
bioceramic treatment (Table 3) did not show any significant
differences with both powders (p = 0.40 and 0.40).

Scanning electron microscopy and energy
dispersive spectroscope analysis (SEM-EDS)

The micrographs acquired by SEM demonstrated that all
specimens were covered with the bioceramic powders. A
non-uniform distribution of the bioceramic powders was
noted on the surface layer of all specimens (Figure 2). When
comparing the surface structure of all discs before (Figure 2a)
and after treatment (Figure 2b and c), it was clear that the
bioceramic treatment created a different surface structure.
Additionally, all discs had a similar surface with multiple
grooves, rounded edges, and powder particles regardless of
the material, surface modification, and the air abrasion pow-
der used. Visible changes were noted in the control CpC

F I G U R E 1 Bar charts representing the median roughness parameter for each group treated with 95% HA/5% CaO and 90% HA/10% CaO with error
bars representing the range. The (*) represents a statistically significant difference.
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EFFECT OF BIOCERAMIC POWDER ABRASION 5

TA B L E 3 Medians of the Sa parameter and standard deviations (SD) with the percentage of roughness change for all groups before and after treatment
with the bioceramic powders.

Median
Sa µm (SD)

Median
Sa µm (SD)

Median
Sa µm (SD)

Group
Before
treatment

After treatment
95% HA/5% CaO

Percentage of
roughness change

After treatment
90% HA/10% CaO

Percentage of
roughness change

CpC 3.00 (0.79) 3.45 (0.72) 15% 3.40 (0.17) 13.3%

SB 3.37 (0.11) 3.77 (1.87) 11.8% 3.35 (1.07) 0.6%

SBE 3.70 (1.53) 3.24 (2.38) 12.4% 6.30 (0.21) 70.2%

TiSLACT 3.24 (0.10) 5.80 (2.75) 79.0% 3.93 (2.06) 21.3%

RSLACT 2.56 (0.35) 3.89 (2.44) 51.9% 4.70 (2.62) 83.6%

group, where the surface changed from deep grooves to a
surface with multiple depressions and projections.

The EDS analysis of the control specimens (no treatment)
for CpC, SB, SBE, TiSLACT, and RSLACT showed the pre-
dominance of Ti and O as the main elements. Other trace
elements were present at less than 1% (carbon, magnesium,
aluminum, vanadium, and silicon) (Figure S9a). The elemen-
tal composition of the bioceramic powders showed that the
two powders were mainly composed of O, Ca, and P, with
some traces of Mg, Al, and Si (less than 1%).

Representative mapping of the bioceramic treatment dis-
tribution of each powder is presented in (Figures 3 and 4)
with percentages of each atom (Figures S10 and 11). These
images highlight the qualitative distribution of the elements
within the specimens that were detected by the EDS anal-
ysis. From these maps, it can be observed that the Ca and
P were detected and distributed all over the specimen, con-
firming that the powders were deposited on all surfaces. After
applying the bioceramic treatment, Ca and P peaks appeared
on the EDS spectrum as shown in the representative spec-
trums (Figure S9b and c). Further images are provided in a
supplementary folder. EDS elemental analysis of the speci-
mens treated with 95% HA/5% CaO and 90% HA/10% CaO
showed different median calcium and phosphate ratios on the
surfaces. There were no significant differences in the Ca and
P wt% between all groups and powders 95% HA/5% CaO
and 90% HA/10% CaO (p = 0.14, 0.18, and p = 0.15, 0.12,
respectively) (Table 4).

Inductively coupled plasma optic emission
spectrometry (ICP-OES)

The concentrations of the Ca2+ and PO4
3+ released over the

3 weeks are plotted graphically in (Figure 5) and (Tables 5
and 6). Generally, the mean concentration of Ca2+ and PO4

3+

varied from week 1 to week 3. The pattern of Ca2+ release
was different between the two powders (5% and 10% CaO).
The pattern of Ca2+ for the 5% CaO powder in the first
week (Figure 5a) was in the order of SBE 0.58 mg/L > SB
0.45 mg/L > CpC 0.43 mg/L > RSLACT 0.27 mg/L > TiS-
LACT 0.26 mg/L. A similar pattern was noted in the second
and third weeks, except that the CpC group released more

TA B L E 4 Medians and range of elemental (wt%) of calcium and
phosphate with Ca/P ratios of all groups and powders.

Specimens
(n = 3)

Median Ca
wt% (range)

Median P
wt%
(range)

Ca/P
ratio

95% HA/ 5% CaO CpC 24.50 (17.40) 7.99 (5.20) 3.06

SB 8.33 (11.44) 2.51 (1.56) 3.31

SBE 13.18 (4.65) 4.70 (1.61) 2.80

TiSLACT 11.88 (8.20) 3.61 (3.23) 3.29

RSLACT 8.45 (2.58) 2.41 (1.38) 3.50

90% HA/ 10% CaO CpC 11.43 (13.74) 4.62 (4.86) 2.47

SB 11.50 (6.69) 3.01 (4.05) 3.82

SBE 14.65 (9.56) 6.15 (4.06) 2.38

TiSLACT 7.90 (3.86) 3.18 (0.72) 2.48

RSLACT 8.65 (4.59) 2.78 (1.76) 3.11

Ca2+ than the SB group. The pattern of Ca2+ released from
the 10% CaO powder was different from the 5% CaO powder.
The order of Ca2+ release over the 3-week period was CP>
TiSLACT> SBE> RSLACT> SB (Figure 5b).

DISCUSSION

The use of air abrasion with a bioceramic abrasive to mod-
ify the implant surface properties and introduce a surface that
might favor re-osseointegration was evaluated in this study.
No previous studies have been reported using air abrasion
on implant surfaces with the combinations of bioceramic
powders in this study (hydroxyapatite and calcium oxide).
Furthermore, the influence of such treatment on surface prop-
erties and dissolution behavior has not been assessed to
date.

Previous research has demonstrated that varying air
abrasive powder parameters, including the powder for-
mulation and particle size, might influence the surface
characteristics.32,33 The addition of CaO to HA powders
results in different Ca/P ratios correlated to the dissolution
rate of CaP coatings;34 hence why two formulations of bio-
ceramic powders were chosen. Previous studies using similar
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6 ABUHAJAR ET AL.

F I G U R E 2 Representative SEM images at 5,000x magnification of all tested specimens showing the change in surface structure; CpC, SB, SBE,
TiSLACT (SLActive®) and RSLACT (Roxolid®), (a) without treatment, (b) treated with 95% HA/5% CaO, and (c) treated with 90% HA/10% CaO.
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EFFECT OF BIOCERAMIC POWDER ABRASION 7

F I G U R E 3 Representative map of the bioceramic elemental
distribution on the TiSLACT surface treated with 90% HA/10% CaO: (a)
representing the layered SEM image, (b) titanium, (c) calcium, (d)
phosphate, (e) oxygen.

bioceramic powders have not specified the exact formulas
used.35–37 In our study the composition was systematically
set at 5% and 10% CaO in order to examine the effect of CaO
concentration on the properties studied.

The SEM and EDS surface analyses demonstrated the
incorporation of abrasive powders on the treated surfaces.
The material substrate and existing surface modification had
no significant effect on the change in surface characteris-
tics when using the 90% HA/10% CaO, whereas with the
95% HA/5% CaO powder the material substrate and existing
surface had a significant effect on the Sp and Rp param-
eters only. This significant effect on Sp and Rp could be
related to the different powder compositions used. Although
the specimens had different microstructures before treatment
and after treatment, the morphological appearance of all
air-abraded specimens regardless of the material and exist-
ing surface appeared similar: all were rough and irregular
with several depressions and projections observed across the
surface.

F I G U R E 4 Representative map of the bioceramic elemental
distribution on the RSLACT surface treated with 95% HA/5% CaO: (a)
representing the layered SEM image, (b) titanium, (c) calcium, (d)
phosphate, (e) oxygen.

To date, limited studies have used air abrasion to
deposit bioceramic abrasive powders on surface-modified
CpTi, with no studies using the method employed in this
study or bioceramic powders on TiZr alloy with differ-
ent surfaces.8,25,26 The Sa values post-treatment varied to
pre-treatment, however, when statistically comparing the Sa
parameter no significant differences were noted between the
before and after treatment for both powders. This could be
explained by the non-uniformity of the coating on the surface,
where some areas might have more particles than others, and
different powder compositions might also have produced dif-
ferent effects on the surface. When comparing the 3D views
of the bioceramic treated specimens and the untreated spec-
imens the change in surface topography was presented as
projections that most likely represent the deposited bioce-
ramic powders on the surfaces, as confirmed by the EDS
analysis.

The qualitative SEM images confirmed that the bioceramic
treatment changed the surface morphology of the tested spec-
imens, in agreement with other studies using air abrasion.26,38

However, the surface morphology of all treated surfaces
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8 ABUHAJAR ET AL.

F I G U R E 5 Mean calcium ion release and standard deviation for the specimens treated with (a) 95% HA/5% CaO, (b) 90% HA/10% CaO over 3 weeks.
The mean phosphorous ion release and standard deviation for the specimens treated with (c) 95% HA/5% CaO, (d) 90% HA/10% CaO over 3 weeks.

revealed a non-uniform distribution of the treatment on the
surface layer of the specimens, with dispersed patches of bio-
ceramic powders spread over the surface. This was confirmed
by the EDS analysis that demonstrated Ca/P-rich surfaces at
different concentrations from the same specimen and is in
agreement with other studies using air abrasion with bioce-
ramic abrasive.s23,39 The EDS analysis of the treated surfaces
also showed the peaks of titanium in all the resulting spec-
trums, which means that the effect of the treatment was
limited to the surface layer of the specimens. The weight
percentages of Ca and P varied with no statistically significant
differences, this could be attributed to the different surfaces or
the different concentrations of the powders. The CpC surface,
which was not exposed to any surface modification before
the bioceramic treatment showed a high wt% of both Ca and
P for both powders, which may be due to its surface being
anisotropic and having deep grooves.40 However, it did not
show any significant difference to the other tested groups in
relation to the Ca/P ratios with both powder compositions.

The dissolution (and rate) of Ca2+ and PO4
3+ from

HA bioceramics is crucial to stimulate the osseoconductive
characteristics of the implant surface during tissue heal-
ing. Assessment of coating dissolution has been evaluated

by immersing coated specimens in liquid solutions such
as simulated body fluid (SBF), deionized water, Ringer’s
solutions, and distilled water.41,42 In this study, similar to
previous research, 43 deionized water was used as immers-
ing media to avoid any possible interference that may result
from different electrolytes in the immersion media. Due to
its sensitivity and accuracy, inductively coupled plasma optic
emission spectrometry (ICP-OES) is one of the most exten-
sively used methods to detect trace elements released from
treated titanium surfaces.36,44

The concentrations of Ca2+ and PO4
3+ released varied,

with heterogeneity between the specimens. In general, the
amount of Ca2+ released over the 3 weeks was higher than
the PO4

3+ released. This could be due to the different con-
centrations of CaO added to the bioceramic powders by the
company (i.e., the Ca2+ released could be from the HA and
the extra CaO, where the PO4

3+ originates from the HA
component only).

CaP-based bioceramics applied by air abrasion have been
suggested to enhance cell viability at 6 days post-treatment.39

Therefore, the dissolution of the bioceramic abrasives in
the present study for 3 weeks should enhance the cellular
response and subsequent implant bioactivity. The Ca2+ and
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EFFECT OF BIOCERAMIC POWDER ABRASION 9

TA B L E 5 Representing the mean calcium ion released (SD) for the
specimens treated with 95% HA/5% CaO, and 90% HA/10% CaO over 3
weeks.

Sample
Mean Ca mg/L
week 1 (SD)

Mean Ca mg/L
week 2 (SD)

Mean Ca mg/L
week 3 (SD)

SB 5% 0.45 (0.08) 0.52 (0.08) 0.48 (0.05)

SB 10% 0.22 (0.06) 0.26 (0.06) 0.35 (0.07)

CP 5% 0.43 (0.06) 0.54 (0.06) 0.58 (0.06)

CP 10% 0.47 (0.08) 0.59 (0.08) 0.62 (0.11)

SBE 5% 0.58 (0.05) 0.62 (0.05) 0.64 (0.07)

SBE 10% 0.35 (0.06) 0.44 (0.06) 0.48 (0.06)

TiSLACT 5% 0.26 (0.04) 0.30 (0.05) 0.37 (0.06)

TiSLACT 10% 0.44 (0.08) 0.49 (0.05) 0.56 (0.08)

RSLACT 5% 0.27 (0.06) 0.37 (0.05) 0.40 (0.07)

RSLACT 10% 0.31 (0.04) 0.38 (0.08) 0.44 (0.07)

TA B L E 6 Representing the mean phosphorous ion released (SD) for
the specimens treated with 95% HA/5% CaO, and 90% HA/10% CaO over
3 weeks.

Sample
Mean P mg/L
week 1 (SD)

Mean P mg/L
week 2 (SD)

Mean P mg/L
week 3 (SD)

SB 5% 0.02 (0.10) 0.01 (0.05) 0.03 (0.11)

SB 10% 0.11 (0.08) 0.08 (0.02) 0.13 (0.11)

CP 5% 0.09 (0.04) 0.07 (0.04) 0.15 (0.10)

CP 10% 0.12 (0.03) 0.11 (0.04) 0.13 (0.08)

SBE 5% 0.07 (0.05) 0.12 (0.09) 0.07 (0.04)

SBE 10% 0.06 (0.05) 0.11 (0.03) 0.07 (0.03)

TiSLACT 5% 0.00 (0.09) 0.04 (0.02) 0.03 (0.02)

TiSLACT 10% 0.04 (0.10) 0.12 (0.10) 0.12 (0.02)

RSLACT 5% 0.13 (0.12) 0.06 (0.04) 0.19 (0.01)

RSLACT 10% 0.08 (0.07) 0.04 (0.04) 0.04 (0.06)

PO4
3+ may continue to be released from the thin coating on

the treated surfaces after 3 weeks, although any such sus-
tained release is unlikely to have any negative effect on the
healing process, unlike the previously used thick HA coatings
which were prone to failure.45 The slow dissolution rate of
the bioceramic treatment in this study could be related to the
crystallinity of the HA powder, with crystalline coatings hav-
ing been shown to dissolve slower in vivo and in vitro.46,47

Further characterization of implant surfaces and in vivo stud-
ies are needed to assess if these deposits will stimulate a
beneficial cellular response during tissue healing.

In conclusion, air abrasion embedded bioceramic abrasive
particles on CpTi and TiZr surfaces leaving powder deposits,
with a minimal change in surface characteristics. Varying
the powder composition might affect the resulting surface
characteristics. Dissolution of Ca2+ and PO4

3+ from the
bioceramic-treated specimens confirmed the stability and the
continuous release of the bioceramic treatment over 3 weeks.
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