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authors5-7. There are two main mechanisms of bone-im-
plant attachment: mechanical attachment and chemical at-
tachment. Roughness mainly improves mechanical
attachment as it permits bone to grow through pores or
features on the surface of the implant. On the other hand,
the contribution of roughness to the improvement of
osseointegration is not only mechanical. Features like sur-
face tension and thus surface energy, can change the hydro-
phobic character of a surface. The ability a surface has to
adsorb organic molecules like proteins is directly related to
biocompatibility. In this context, surface roughness has
been found to positively influence cell response to titanium
implants8-10.Some authors have also investigated the influ-
ence of surface roughness on bone attachment and con-
cluded that rougher surfaces result in improved tissue
responses to titanium implants6,11-13.

In this study, four different types of surfaces were
produced on titanium implants and these were characterised
by SEM, LSM, XPS and optical laser profilometry. The
surface conditions were: as-machined; blasted with alu-
mina particles; plasma sprayed with titanium beads and
electrolytically coated with hydroxyapatite (HA). The HA
coating procedure was developed by Silva and co-workers
14



process as, usually, adhesive strength increases with de-
creasing coating thickness17. Willmann17 explains the com-
promise between coating thickness and adhesion in terms
of the tendency thicker coatings have to peel off their
substrates. The ideal value for coating thickness has not

already been determined because there is a compromise
between thickness and resorption and it is not well estab-
lished how long a coating needs to be present after insertion
in the human body18.
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Figure 1. SEM picture showing the surface of the implant: (x 3.000). a) as-machined; b) Al2O3 blasted; c) plasma-sprayed with titanium; d) electrolitically
coated with hydroxyapatite.

Figure 2. Hydroxyapatite coated implant under high magnification. (x
10.000).

Figure 3. Cross section the specimen electrolytically coated with hy-
droxyapatite (x 1.000).



The topographic maps, Figs. 4a to 4d, showed, qualita-
tively, the difference in roughness between the four sur-
faces. When comparing the maps of the different
specimens, it should be noted that a different scale was used
for the machined specimen. Laser scanning confocal mi-
croscopy can be an useful tool for roughness measurements
but this quantification depends on pattern calibration, so
this qualitative analysis was complemented by the meas-
urement of the roughness parameters by profilometry. The
roughness parameters of the analysed surfaces are shown
in Table 1. The titanium plasma-sprayed sample and the
electyrolytically coated specimen exhibit Ra equal to
5.0 µm, a higher value than the measured one for the other
two surface conditions. The similarity in roughness be-

tween the plasma-sprayed and the electrolytically coated
specimens was also observed for the other two roughness
parameters (Rq and Rz). The alumina blasted specimen
showed the highest values of Rq and Rz, indicating a very
irregular surface. The arithmetic average roughness (Ra) for
the electrolytically coated implant is in the same range of
values reported in the literature for hydroxyapatite coated
by a plasma-spraying process, according to Wong et al.19.
Moreover, as mentioned before, the implant that was elec-
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Table 1. Roughness parameters of the analysed implants.

Specimen Ra (µm) Rq (µm) Rz (µm)

As- machined 1.8 ± 0.9 2.0 ± 1.0 22 ± 5

Al2O3 blasted 3.4 ± 0.2 8.9 ± 0.1 151 ± 3

Ti plasma-sprayed 5.0 ± 1.0 6.0 ± 1.0 32 ± 1

HA coated 5.0 ± 0.6 6.5 ± 0.7 34 ± 3

Ra = the arithmetic average; Rq = the root-mean-square; Rz = the average
value of the absolute heights of the five highest peaks and the depths of
the five deepest valleys.

Figure 4. Topography maps for the specimens: a) as-machined; b) Al2O3 blasted; c) plasma-sprayed with titanium; d) electrolytically coated with
hydroxyapatite.

Figure 5. XPS spectrum for the as-machined specimen.



trolytically coated with hydroxyapatite showed crystallites
in the scale of nanometres. This feature suggests a large
increase in surface area compared to the other specimens
that had features in the scale of microns. As the pro-
filometry measured roughness at a micrometric scale, re-
sults from Table 1 could not describe the topography of all
samples in a nonometric scale.

XPS analysis revealed the characteristic adsorption of
carbon on the four analysed surfaces. This carbon adsorp-
tion occurs on every surface that is exposed to the atmos-
phere and is detected by the XPS technique. As might be
expected, the as-machined implant showed no traces of
contaminants, Fig. 5. The Al2O3 blasted specimen spectrum
(Fig. 6) showed contamination with aluminium, also iden-
tified by SEM, which was associated to the alumina parti-
cles from the blasting process. Analysis of the titanium
plasma-sprayed specimen indicated some contamination
with aluminium and zinc, Fig. 7b. This can be associated to

the blasting process prior to the plasma-spraying, as this
specimen was first blasted with alumina particles to create
a rough surface. It is thought that the detergents used in the
cleaning procedure were the most probable origin of the
zinc contamination20. The hydroxyapatite coated specimen
showed traces of sodium, remaining from the coating proc-
ess, as indicated in the spectrum shown in Fig. 8d. The
measured Ca/P ratio varies from 1.58 to 1.73. Considering
a possible variation of 10% when quantification is done
using XPS spectra, this range could correspond to
stoichiometric hydroxyapatite (Ca/P = 1.67) or calcium-de-
ficient hydroxyapatite (Ca/P = 1.50). With infrared spec-
troscopy using the diffuse reflectance mode (DR-IR) small
amounts of carbonate-apatite were identified21.

4. Conclusions

The techniques utilised in this study were effective in
the characterisation of the morphology, surface quality

Figure 6. XPS spectra for Al2O3-blasted sample. a) general view; b) detail
near aluminium peak.

Figure 7. XPS spectra for sample plasma-sprayed with titanium. a)
general view; b) details near Al peak.
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and chemical purity of the analysed surfaces. As might be
expected,theas-machinedimplantpresentedthesmoothest
surface. The implant that was electrolytically coated with
hydroxyapatite showedroughnesssimilar todataobtained
for titanium plasma-sprayed specimen and similar to the
data reported in the literature for commercial implants
coated with hydroxyapatite by the plasma-spraying proc-
ess. Moreover the nanometric crystallites identified in the
sample electrolytically coated with hydroxyapatite act to
increase the surface area, although the correlation of this
event with cell attachment remains unknown.

SEM/EDS is, as predicted, a good tool for topographic
visualisation and/or particle identification while contami-
nation from the different surface treatments was detected
by XPS analysis. These findings suggest that careful con-
sideration must be given while manufacturing, cleaning and
sterilising the implants since the nature of the surface can
influence bone-bonding events.
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