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Abstract This paper describes the deposition of

hydroxyapatite (HA) and fluorapatite (FA) onto titanium

dental screws using a novel ambient temperature coating

technique named CoBlast. The process utilises a coating

medium and a blast medium sprayed simultaneously at the

substrate surface. The blast medium was a sintered apatite

(sHA) and two particles sizes (\106 and \180 lm) were

used to assess their influence on the coating process. The

influence of the coating process on the coating composi-

tion, coating adhesion, screw morphology and screw

microstructure was examined. XRD analysis revealed the

coating crystallinity was the same as the original HA and

FA feedstock powders. Examining the screw’s morphol-

ogy, the threads of the CoBlasted screws exhibited

rounding compared to the unmodified screw. This is due to

the abrasive nature of the CoBlast process. The degree of

rounding was more significant for the screws blasted with

the 180 lm sHA than the 106 lm sHA. The blast media

particle size significantly influences the surface roughness

of both the substrate and coating and the microstructure of

the substrate. The screws did not exhibit any loss of coating

after insertion into a model bone material, indicating that

the coating was strongly adhered to the substrate. There

was no statistically significant difference in cell attachment

and cell morphology on the unmodified substrates com-

pared to the coated substrates. In conclusion, the CoBlast

process can be used to deposit HA and FA onto complex

geometries such as dental screws. The choice of blast

medium particle size influences the screws morphology.

The coating process does not negatively impact on the cell

attachment and morphology in vitro.

1 Introduction

Titanium and titanium alloys are commonly used in the

fabrication of dental implants such as dental screws due to

their light weight, high biocorrosion resistance, biocom-

patibility and mechanical properties [1]. Previous studies

have shown that the long term clinical success of dental

implants depends largely on the osteointegration of the

implant [2]. Osteointegration is the formation of an inter-

face between bone and the implant, without the presence of

non-bone tissue between the bone and implant interface

[3]. There are a number of factors that influence the rate of

osteointegration such as surface roughness and surface

chemistry [4–6].

Increasing the surface roughness of implants via grit-

blasting, sand-blasting and acid etching has been shown to

enhance the osteointegration of implants [7–9]. Surface

roughness has been shown to influence cell attachment,

proliferation and differentiation [10–12]. Grit blasted

screws have been shown to exhibit a higher bone-to-metal

contact than as-machined screws and require more torque

to remove from bone than smooth screws [13–16]. The

increase in surface roughness provides a greater surface

area for mechanical interlock between the bone and the

implant [17]. A range of surface roughness (Ra) between
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1–10 lm maximises the interlocking between the implant

and the bone [3].

The osteointegration of an implant can be enhanced by

altering the surface chemistry via the application of an

osteoconductive coating. An osteoconductive surface is

one that permits bone to grow on its surface or down into

its pores by permitting cells to attach, proliferate and

deposit bone matrix [4, 18]. The formation of bone on the

surface of the implant is a prerequisite for osteointegration

[4]. Hydroxyapatite (HA, Ca10(PO4)6(OH)2) [19, 20] is the

most widely used osteoconductive coating for hard-tissue

applications as it closely resembles the natural mineral

phase of bone and teeth [21]. HA is biocompatible, bio-

degradable and osteoconductive [18]. In spite of their

widespread use, HA coatings have been reported to be

susceptible to delamination and dissolution and this can

result in a loss of coating integrity and ultimately aseptic

loosening of the implant [22–26]. To address this problem,

other bioactive ceramics, such as fluorapatite (FA, Ca10

(PO4)6(F)2), are being investigated as potential osteocon-

ductive coatings [27].

Fluorapatite is analogous to HA. Like HA, FA is bio-

compatible, biodegradable and osteoconductive. However,

FA has a number of advantages compared with HA: it is

more chemically stable than HA due to its crystal structure.

The F– ions produce lower lattice strains than the OH- ions

in hydroxyapatite, this results in a more stable crystal

structure [19]. The greater chemical stability of FA com-

pared to HA results in a slower rate of degradation and this

reduces the rate of coating resorption in vivo [28].

This paper investigates HA and FA coatings deposited

on to dental screws using a novel coating technique, Co-

BlastTM [29–35]. CoBlast is an ambient temperature pro-

cess developed to address the problems associated with

high temperature coating techniques, such as the formation

of unwanted phases, amorphization of the coating and poor

adherence of the coating [23, 29, 30, 32, 34, 36–39]. The

process utilises a co-incident stream of abrasive blast

medium and a stream of coating medium particles to

modify the substrate surface. The abrasive roughens the

surface while simultaneously disrupting the passivating

oxide layer of the substrate and exposing the reactive

metal. The stream of dopant then reacts with the exposed

reactive metal to form an intimate chemical bond [32]. The

adhesion of the coating to the substrate is due to a com-

bination of tribo-chemical bond formation and mechanical

interlock between the bioceramic and the metal substrate

[29].

Previous studies using the CoBlast process have

deposited bioactive coatings onto flat metallic coupons.

This paper investigates influence of this novel process on

the deposition HA and FA onto more complex geometrical

shapes (dental screws) and examines the influence of the

process on the coating adhesion, substrate microstructure,

coating crystallinity and the biological response of the

deposited coating in vitro.

2 Materials and methods

2.1 Materials

Five titanium (Grade 2) dental screws 8.5 mm in length

with a maximum diameter of 3.75 mm were coated per set.

Five titanium (Grade 2) 15 9 15 mm coupons of 1 mm

thickness were coated per set. The titanium coupons were

used in the surface characterisation of the coating and

substrate using X-ray diffraction and surface roughness

measurements. Hydroxyapatite (HA) and fluorapatite (FA)

were used as the coating media. The HA (SAI, France)

particle size used was 25–60 lm. The FA (HIMED,

U.S.A.) particle size was 5–30 lm. A sintered apatite

(sHA) (HIMED, U.S.A.) was used as the blast medium.

Two particles sizes of sHA (\106,\180 lm) were used to

assess the influence of the blast medium particle size on the

screw morphology. Figure 1 shows SEM images of the

coating media and abrasive blast media used in this study.

2.2 Sample preparation

The titanium screws and coupons were ultrasonically

cleaned in 1 M HCl and then in isopropanol to remove any

contaminants prior to surface modification. The titanium

screws were rotated at 20 mm/min. The coating media

(HA, FA) and blast medium (sHA) were sprayed simulta-

neously in the same stream through a single de Laval

nozzle at the rotating titanium screws with a jet pressure of

80 psi, at a height of 50 mm from the screws with an axial

travel speed of 13 mm/min. The duration of the coating

process for each 8.5 mm long screw was 40 s.

The flat titanium coupons were placed on a stationary

tray. The coating media (HA, FA) and blast medium (sHA)

were sprayed at the stationary titanium coupons with a jet

pressure of 80 psi, at a height of 50 mm from the substrate

with a nozzle travel speed of 13 mm/min. And a raster

offset of 4.5 mm. Figure 2 shows a schematic of the

coating process. To act as a control for the cell studies, a

duplicate set of samples coated with HA/180 lm sHA were

etched in 1 M HCl to remove the HA coating. This pro-

vided a rough surface without a bioactive coating for the

in vitro studies.

2.3 Surface characterisation

X-ray diffraction was carried out on the titanium coupons

using a Siemens D500 diffractomer with rotating stage and
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beam monochromator (Cu Ka) (Munich, Germany). The

spectra were measured using HA and FA feedstock pow-

ders and also the flat monolithic coated substrates to assess

the influence of the CoBlast treatment on the HA and FA

crystallinity. The analysis was carried out over the angular

range of 20 to 60� (2h). All XRD scans were carried out

with a resolution of 0.04� (2h) and a sampling time of 3 s

per step. Silicon was used as an internal standard to

Fig. 1 SEM images of HA, FA, \106 and \180 lm sHA powders

Fig. 2 Schematic of surface modification process
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account for non-linear peak shift. The lattice parameters of

the HA and FA powders were calculated using the method

of Holland and Redfern and refined using d-spacings [40].

Surface roughness of the coated titanium coupons was

measured using a Taylor-Hobson Pneumo Form Talysurf

Series 2 (Leicester, U. K.). Four measurements per each of

the five samples were used to determine the average

roughness (Ra). In order to determine the effect of the

process on the titanium substrates, samples were acid

etched with 1 M HCl for 90 s in an ultrasonic bath to

remove the HA layers; the samples were subsequently

ultrasonically cleaned in iso-propanol.

Cross sections of the titanium screws were made in

order assess coating thickness and examined using a Lecia

MEF4M (Wetzlar, Germany) optical microscope with

reflected light. To prepare the cross sections for analysis

the samples were mounted in a polyester resin, then ground

and polished to a 0.04 lm finish, rinsed with water and iso-

propanol respectively and dried with a stream of warm air.

2.4 Microstructural characterisation

The microstructure of the metallic substrates was examined

using a Leica MEF4M (Wetzlar, Germany) optical

microscope. The cross-sections were prepared as described

in Sect. 2.3 and etched in Kroll’s solution for 15 s to reveal

the microstructure [41] and subsequently rinsed thoroughly

with water and then isopropanol and dried with a stream of

warm air.

2.5 Coating adhesion

A bone model material (Renshape Grade 5460 (Mouldlife,

U. K.)) was used to examine the adhesion of the coating to

the screws. The model bone was composed of a cured

polyurethane resin that mimics the hardness of cortical

bone. This material has been used previously to examine

the adhesion of coatings to screws [42]. Pilot-holes 3 mm

in diameter were drilled into the board and the coated

screws were screwed in and out of the holes. The screws

were subsequently rinsed with distilled water and iso-pro-

panol to remove debris. Cross-sections of the screws were

prepared using the method described in Sect. 2.3. Cross-

sections of the screws before and after ‘implantation’ were

examined to ascertain whether there was delamination of

the coating during implantation and/or removal. After

removal of the screws, the bone model material was sec-

tioned and energy-dispersive X-ray spectroscopy (EDX)

analysis was carried out on the model bone material to

examine coating loss during insertion, using an Oxford

Swift-TM EDX system (Toronto, Canada). All scans were

carried out for the same time duration (90 s), at the same

magnification (91000) at a voltage of 15 kV. EDX is

limited for quantitative surface analysis due to the emission

of X-rays from beneath the surface [43], thus here it is used

for indicative proposes only.

2.6 Cell culture

MG-63 cells (European Collection of Cell Cultures), a

human osteosarcoma cell line derived from a 14 year old

male, were maintained in DMEM (Life Technologies)

supplemented with 10 % heat inactivated foetal bovine

serum (FBS) and 1 % L-glutamine in a humidified atmo-

sphere at 37 �C and 5 % CO2. Cells were cultured up to ten

passages.

2.7 Cell attachment and morphology

Prior to cell seeding, titanium samples were rinsed in 70 %

ethanol followed by sequential washes in sterile water.

Samples were then conditioned in complete media. MG-63

cells were seeded at 4 9 103cells per well in 12 well plates

with titanium samples. Cells were fixed with 3 % para-

formaldehyde (PFA; Sigma Aldrich) at room temperature

for 20 min following a 1 or 5 day incubation. Fixed cells

were stained with Hoechst 33342 (nuclei; Sigma) and

phalloidin-AlexaFluor568 (F-Actin; Life Technologies).

Images were acquired with Olympus Scan^R Automated

Image Acquisition Software on a Scan^R IX81 microscope

(Olympus) with an UPLSAPO 209 objective (Olympus)

and 1344 9 1024 resolution cooled CCD camera. Standard

filter sets and 64 subpositions were used. Images were

analysed using Columbus image analysis software (Perkin

Elmer) to determine nuclear size and roundness and cell

number, size and roundness. One-way ANOVA was used

for group comparison and a P \ 0.05 was deemed to be

significant.

3 Results

3.1 Surface characterisation

XRD analysis was carried out on the as-received powder

and the deposited HA and FA coatings. Figure 3 shows the

XRD patterns for HA and FA starting powders. The HA

and FA powders exhibited similar diffraction patterns.

Examination of (300) reflection shows a shift to a higher

angle for the FA compared to the HA, Fig. 4. This is due to

a reduction in the a-axis dimension of the FA compared to

the HA. This reduction is due to the presence of the smaller

F- ions in the FA lattice compared to the larger OH- ions

in the HA lattice [44]. To confirm there was a reduction in

the a-axis dimension of the FA, the lattice parameters of
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both powders were calculated as described in Sect. 2.3.

The computed lattice parameters showed a reduction in the

a-axis dimension for the FA compared to the HA. The

computed lattice parameters for both the HA and FA

powder are shown in Table 1.

Figure 5 shows XRD plots of the as-supplied titanium

and the coated substrates. The coated substrates did not

exhibit any additional peaks associated with a/b-TCP or an

amorphous halo in the 30–35� (2h) region. This indicates

that there was minimal change to the precursor HA and FA

powders during processing. This is as expected due to the

low temperature (\50 �C) nature of the process. The

samples exhibited peaks associated with titanium which are

present due to the underlying titanium substrate due to the

very thin HA and FA layers deposited (\5 lm). The

samples coated with HA exhibited a stronger trace of the

coating compared to the sample coated with FA. The ratio

Fig. 3 XRD patterns of the as

received HA powder and FA

powder, the dashed lines

correspond to silicon peaks

Fig. 4 Shift of (300) reflection

between HA and FA

Table 1 Lattice parameters of

as received HA and FA powders
Phase a (Å) c (Å)

HA powder 9.4180 6.8831

FA powder 9.4037 6.8889
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of the most intense HA peak, at the (211) plane, to the most

intense Ti peak, at the (101) plane, was 0.37 and 0.28 for

the HA/180 and HA/106 lm sHA, respectively while the

ratio of the most intense FA peak, at the (211) plane, to the

most intense Ti peak, at the (101) plane, was 0.10 and 0.09

for the HA/180 and HA/106 lm sHA, respectively. This is

due to a thicker coating of HA compared to FA.

The surface topography was examined using contact pro-

filometry and SEM analysis. The average surface roughness

and the roughness profile along the surface of the samples after

the surface modification is shown in Fig. 6. The average

surface roughness (Ra) of each of the samples increased after

surface modification compared to the unmodified titanium.

One-way analysis of variance (ANOVA) was performed to

determine whether the difference in roughness between the

various substrates was statistically significant. A P value \
0.05 was deemed to be significant. The test yielded a

P value = 1.5 9 10-28. This indicates that the roughness was

significantly influenced by the type of blast medium used.

A Tukey post hoc test was performed to determine which

surfaces had statistically significant different roughness. The

results are shown in Table 2. The surface roughness of the as-

supplied titanium yielded a P value \ 0.05 when compared to

each of the coated surfaces indicating that the blasting process

significantly alters the surface roughness.

The particle size also affected the surface roughness as

substrates blasted with the larger 180 lm sHA particle

gave rise to a significantly rougher surface than substrates

blasted with the 106 lm sHA particle. The 106 sHA

increased the roughness by a factor of 3.8 while the 180

sHA increased the surface roughness by a factor of 6.3.

The test was also used to assess the influence of the blast

media on the underlying substrate in isolation by measur-

ing the surface roughness after removal of the coating via

an acid etch. The roughness of the underlying titanium is

important to allow for mechanical interlock between the

implant and the host tissue after resorption of the HA [45].

Comparison of the coated and etched substrates blasted

with the same blast medium and coating medium yielded

P values [ 0.05, indicating no statistical significance in the

roughness of the coated and etched samples.

Figure 7 shows the results of SEM imaging of the sur-

face of the as-supplied titanium and the surfaces of the

treated substrates before and after removal of the coating

via the acid etch. The substrates exhibit a variety of fea-

tures after acid etching: there are clear tears, scratches, and

ridges evident. These features are more evident on the

coupons blasted with the 180 lm sHA than the 106 lm

sHA due to the greater abrasion of the larger particle.

Cross-sections of the as-received dental screws and the

coated screws are shown in Fig. 8. The figure highlights

the thin coating (\5 lm) of HA and FA produced by the

CoBlast process. The threads of the CoBlasted screws

exhibited rounding compared to the unmodified screw.

This is due to the abrasive nature of the CoBlast process.

The degree of rounding was more significant for the screws

blasted with the 180 lm sHA than the 106 lm sHA.

Figure 9 shows SEM images of the coatings on the surface

of the screws. The coating thickness varied depending on

the type of blast media and coating particle used. The

average coating thickness of the HA/106, HA/180, FA/106,

FA/180 lm sHA coating were 4.9, 6.3, 2.4 and 2.8 lm

Fig. 5 XRD patterns of the as

supplied titanium coupons, HA/

180, FA/180, HA/106 and FA/

106 lm sHA prepared surfaces.

The dashed lines correspond to

silicon peaks. The titanium

peaks are marked with an X

while all other peaks correspond

to HA and FA respectively
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respectively. The difference coating thickness between the

HA and the FA coatings may be due to the difference in the

particle size of the powders used. The HA a particle size of

25–60 lm and the FA had a particle size of 5–30 lm.

3.2 Coating adhesion

Figure 10 shows the coated screws that were not inserted

into the model bone (left) and screws after insertion into

and subsequent removal from the model bone (right). From

the optical micrographs the coating did not exhibit signs of

delamination. The screws after insertion retain similar

feature to the un-inserted screws. It should be noted that

there is an apparent difference in screw width between the

un-inserted FA/180 lm screw and the FA/180 lm screw

after insertion into the model bone. This is due to the depth

of grinding of the screw during the preparation of a cross

section for optical microscopy. EDX analysis of the model

bone material after removal of the screw yielded no ele-

ments from the uncoated screw while trace amounts of

calcium only were detected on all of the model bone

material that had coated screws inserted.

3.3 Microstructural characterisation

The microstructures of the dental screws were examined to

assess what influence the coating process had on the

screws’ microstructure. As shown in Fig. 11, the screws

treated via the CoBlast process exhibit a change in their

microstructure compared to the as supplied cp-titanium

Fig. 6 The average surface roughness and the roughness profile (5 mm) along the surface of the samples after the surface modification. Error

bars indicate standard deviation

Table 2 P-values from post hoc Tukey test of the substrate surface

roughness

P value

As-supplied Ti FA 106 0.000

As-supplied Ti FA 180 0.000

As-supplied Ti HA 106 0.000

As-supplied Ti HA 180 0.000

As-supplied Ti FA 106 (etched) 0.000

As-supplied Ti FA 180 (etched) 0.000

As-supplied Ti HA 106 (etched) 0.000

As-supplied Ti HA 180 (etched) 0.000

FA 106 FA 180 0.000

HA 106 HA 180 0.000

FA 106 FA 106 (etched) 0.898

FA 180 FA 180 (etched) 0.055

HA 106 HA 106 (etched) 0.054

HA 180 HA 180 (etched) 0.346
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screws. Three different regions were observed in the in the

substrates treated using this process, a severely deformed

surface layer, a region characterised by gross deformation

of the grains and the un-deformed substrate consisting of

equiaxed a-grains. These three different regions have

previously been identified by Jiang et al. for sandblasted

cp-titanium [46]. The region characterised by gross

deformation of the grains exhibited twinning.

3.4 Cell attachment and morphology

In order to assess cell attachment and cell morphology

MG-63 cells were cultured on the various surfaces fol-

lowed by fixation, staining and analysis using a high con-

tent automated imaging and analysis platform. The cell

attachment and cell morphology results are shown in

Fig. 12. Cell attachment was measured as cell counts and

cell morphology determined as nuclear size, nuclear

roundness, cell size and cell roundness.

Since the surfaces of the samples are uneven it is not

possible to focus on all cells within a single field of view.

This limitation affected cell segmentation during image

analysis and meant accurate cell number comparisons

between rough and smooth surfaces could not be determined,

hence only the results for the rough surface (HA/180 lm

sHA (etched), HA/180 lm sHA and HA/180 lm sHA) are

presented. This was deemed valid as previous studies have

shown that roughened surfaces enhance cellular attachment,

proliferation and differentiation compared to smooth sur-

faces [10–12]. Examining the cell numbers after 1 and 5

days there was no statistical difference (P1 day \ 0.54,

P5 days \ 0.06) between roughened titanium sample (HA/

sHA (etched) and the CoBlasted surfaces which contained a

rough bioactive surface. Additionally there were no statis-

tical significances for cell morphological measurements

between the different surfaces (P1 day \ 0.31, P5 days \
0.07). The cells seeded on each surface exhibited similar

morphology at 1 and 5 days. Figure 12 shows the cells see-

ded onto the various surfaces after 5 days.

4 Discussion

CoBlast is a novel coating technique that has been used in

previous studies to deposit hydroxyapatite onto various

metallic substrate types [29–35]. In these previous studies

the HA was deposited onto flat coupons. This study

investigates the disposition HA and FA using this novel

coating technique onto more complex geometrical shapes

(dental screws).

The optical micrographs of the titanium screws after the

deposition process exhibit a coating \5 lm thick on the

surface of the screws. Previous studies have shown that

altering the abrasive to dopant ratio, powder chemistry,

blast pressure and blast height can alter the coating thick-

ness marginally, but coatings in excess of 10 microns are

rare and are not likely with the materials described herein

[29–35]. The coating thickness is independent of spraying

time, as the process gives a balance of abrasion and

deposition. Additional spraying merely produces additional

substrate erosion, but the coating thickness does not change

significantly.

Fig. 7 SEM images of the surface of as received titanium coupon and

the coated samples before and after removal of the coating via an acid

etch

22 Page 8 of 14 J Mater Sci: Mater Med (2015) 26:22

123



Comparing the coated screws with the unmodified

screw, there is a change in screw morphology. The threads

of the coated screws exhibit rounding; this is due to the

abrasive nature of the coating process. The degree of

abrasion and rounding of the screw threads was dependent

on the size of the blast medium particle used. The screws

blasted with the 106 lm sHA broadly retained the trape-

zoidal shape of the screw with minimal rounding of the

threads. The screws blasted using the 180 lm sHA

particles exhibited significantly greater abrasion and

rounding. This is due to the larger particle size of the

180 lm sHA particle. Although, the change in screw

morphology is undesirable, previous studies suggest this

does not adversely affect bone formation around the screw.

Previous studies have reported grit blasted screws to

exhibit a higher bone-to-metal contact than as-machined

screws and require more torque to remove them from bone

[13–15].

Fig. 8 Optical micrographs of

the as received dental screws

and the coated screws. The

black layer represents the HA

and FA coatings

Fig. 9 Cross-section SEM

images of the coatings on the

surface of the screws
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Examining the surface roughness (Ra) of the coupons,

Fig. 6, the 180 lm sHA particles significantly increase the

surface roughness compared to the coupons blasted with

the 106 lm sHA particles. SEM images of the etched

coupons show that the coupons blasted with the 180 lm

sHA particles had deeper and wider tears and scratches

than the coupons blasted with 106 lm sHA particles,

Fig. 7. Although, there is a significant difference in the

roughness of the coupons blasted with the 106 and 180 lm

sHA, both have roughness within the reported optimum

range for osteointegration (1–10 lm) [3].

The assessment of the coating adhesion via insertion the

screws into a model bone material provides a good

assessment of how the coating will respond to biome-

chanical forces in clinical applications [47]. EDX scans of

the bone model material after removal of the unmodified

screw did not detect the presence of any elements. This

indicates that there was no wear or fretting of the titanium

during insertion. For the model bone inserted with coated

screws, trace amount of calcium only were detected. This

calcium is due to HA and FA particles liberated during

insertion. It should be noted that calcium signal was very

weak and that no phosphorous was detected indicating that

the coating loss was minimal. As discussed in Sect. 2.5,

EDX is limited for quantitative analysis surface analysis

and thus was used here for indicative purposes only. Fur-

ther, analysis is required to quantify the degree of wear and

fretting of the titanium and coating loss during insertion of

the screws. Examining the cross-sections of the screws

before and after removal from the model bone, Fig. 10,

there appears to be no obvious signs of damage to the

coating indicating that there was minimal coating loss

during to insertion of the screws.

The CoBlast process resulted in a change in the screws

microstructure compared to the unmodified screws, coated

screws exhibit a severely deformed surface layer, a region

characterised by gross deformation of the grains and an un-

deformed substrate consisting of equiaxed a-grains, within

the region characterised by gross deformation of the grains

twinning was observed. Twinning has previously been

Fig. 10 Optical micrographs of

dental screws coated with HA

and FA. Un-inserted screws

(left) and screws after insertion

into and subsequent removal

from the model bone (right).

The inserted screws do not show

signs of delamination of the

coating
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observed in shot peened cp-titanium [48]. The formation of

twins is promoted by a high strain rate, shock loading and

relatively large grain size [49]. This deformation and

twinning is most pronounced at sites normal to the blast

stream, such as the tip of the screw threads. This is due to

the orientation of the screw to the blast stream. The tip of

the threads are normal to the blast stream, thus a higher

percentage of the particle energy is imparted to the surface

compared to the sides of the threads [50]. For the screws

blasted with the 180 lm sHA, the change in microstructure

was identified to a depth of 30 lm from the surface of the

tip of the thread while at the sides of the thread the change

in microstructure was to a depth of 10 lm. The screws

blasted with 106 lm sHA exhibited a change in micro-

structure to a depth of 20 lm from the surface of the tip of

the thread while at the sides of the thread the change in

microstructure was to a depth of 5 lm. The formation of

the severely deformed surface layer may be beneficial as

the associated compressive strength in the surface layer

improves fatigue performance, a key material property for

medical device implants [46, 51].

The in vitro tests indicate that there is no statistical

difference in cell numbers at 1 and 5 days between the

roughened titanium sample (HA/sHA (etched) and the

CoBlasted surfaces which contained a rough bioactive

surface (HA/sHA and FA/sHA). Previous studies have

shown that rough surfaces enhance cell attachment, pro-

liferation and differentiation compared to smooth surfaces

[10–12]. This indicates that this coating process can

incorporate a bioactive coating onto a roughened surface

without adversely affecting the initial cell response. Simi-

larly, there was no statistical difference in the nuclear or

cell morphologies between the cells seeded onto the blanks

and the cells seeded onto the other surfaces; this would

indicate that the process does not adversely affect cell

health.

It should be highlighted that in vitro models are sim-

plistic models that do not account for the complex bio-

logical interactions within biological systems and that

further in vivo testing is required to fully assess the bio-

logical response to bioactive coatings deposited using this

process.

Fig. 11 Etched cross-sections of titanium screws (As supplied titanium screw, FA/106, HA/106, FA/180 and HA/180 sHA, respectively). The

treated screws exhibit signs of plastic deformation and twin formation. The white line outlines this deformation zone
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5 Conclusions

The CoBlast process can be used to deposit highly adherent

coatings of HA and FA onto dental screws. The process

alters the morphology of the screw threads the degree of

alteration is significantly influenced by the size blast media

used. Previous studies indicate that moderate alteration of

the screws morphology does this does not adversely affect

performance in vivo. Initial in vitro tests on substrates

coated using this process indicate that it does not adversely

affect the biological response of cells.
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