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ABSTRACT

The mechanical properties of titanium and its alpha-beta alloys make them ideal implant materials.
Hydroxyapatite coating substantially contributesto theimprovement of theseimplants. Thissurvey presents
certain patter nsof the combined use of hydr oxyapatitewith titanium and titanium alloysin dental and or tho-
paedic implantology. It demonstrates the advances of research on hydroxyapatite and its crystalline
nanoparticlesand revealsthe advantages of and benefitsfrom these coatingsfor further quality improvement

of titanium implants.
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INTRODUCTION

Titanium and its aphabeta dloys possess mechanica
propertiesthat make them ideal implant materias. Because
of light weight, high strength to weight ratio, low modulus
of dadicity, excdlent corroson resstance and
biocompatibility, good loca spot weldability, easy shaping
and finishing by numerousmechanical and electrochemica
proceses, these materids are widdy used in dentd
implantology and restorative dentistry (3). On the other
hand, there is risng evidence that coating with
hydroxyapetite cement subgtantidly improves these im-
plants.

Characteristics of hydroxyapatite coatings
on titanium implants

Clinical procedures place more stringent and tough require-
ments on the titanium surface necesstating its atificid
treatments (5). Electrochemica techniques are smple and
cheap methods of its modification. Anodic oxidation isthe
anodic eectrochemica techniquewhile e ectrophoretic and
cathodic depogtions are the cathodic ones. By anodic oxi-
dation it is possble to obtain desired roughness, porosity
and chemical compostion of the oxide. At high voltages, it
canimprovethe crystalinity of the oxide. The chief advan-
tage of this technique is doping of the coating of the bath
congtituents and incorporation of these elements improves
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the properties of the oxide. Electrophoretic deposition uses
hydroxyapetite powders dispersed in asuitable solvent &t a
particular pH. Under these operating conditions, these par-
ticles acquire postive charge and coatings are obtained on
the cathodic titanium by applying an externd eectric fied.
These coatings reguire a post-sintering treatment to im-
prove the coating properties. With the cathodic deposition,
hydroxyapetite is formed in stu from an dectrolyte con-
taining calcium and phosphateions. It isadso possibleto d-
ter dructure and/or chemidry of the obtained depost.
Nano-grained hydroxyapatite has higher surface energy
and greater biologica activity. Therefore, these coatings
should be produced by cathodic deposition.

The effects of etching with hydrofluoric acid to change the
surface morphology of titanium in cases of adhesion of cal-
cium-deficient hydroxyapatite microspheres onto titanium
are assessad (6). The coverage and the degree of adherence
of the microgphere are evaluated by means of dectron
probe microanalyss. The etching a a hydrofluoric acid
concentration of 0,10 mol/L cause the grestest adhesion.
Changing the temperature between 303K and 323K shows
atendency towards increase of the degree of adherence.
Thermally induced liquid-phase deposition method is em-
ployed to produce a thin hydroxyapetite film on atitanium
subdrate in a metastable calcium phosphate solution (9).
Prior to hydroxyapatite coating, the substrate is immersed
in 5 M NaOH solution a 60°C for 24 hours. An x-ray
diffractogram indicates thet the film deposited on the tita-
nium substrate is composed of hydroxyapatite. Its amount
augments with heating time increase. The uniform
hydroxyapetite film can be formed by smple chemica and
thermd treatments. This technique is useful for producing
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uniform hydroxyapatite coatings on complex-shaped and
porous denta implants.

Thesurvivd of implantsloaded 14 weeks after vertical ridge
augmentation is evauated within a 2-year prospective
multi-centre sudy of 20 consecutive patientsin three private
centres (1). Nano-gtructured Mg-enriched hydroxyapetite is
used as the only augmentation filler materid. It is covered
with atitanium reinforced extended polytetrafluoroethylene
membrane (Gore-Tex). The amount of vertica bone gain,
prosthesis and implant success, complications and radio-
graphic margina bone level changes are assessed a 12 and
24 months of prosthetic loading. Frequency resonance and-
ysis of expressed vadues usng implant stability quotient is
performed at implant insertion, when definitiverestoration is
segted, and after 24 months of prosthetic loading. No patient
dropsout, dl implantsare dinicaly sable, and no proghess
fals Initid dinica evauations show an average defect
height of 4,1 mm. Complete bonefilling of the regeneration
volume is obtained in 19 out of 20 cases The mean bone
height gan is 56 mm. Readiogrgphic assessments of
inter-implant regenerated bone leves after 24 months of
loading present amean vaue of 1,0£0,48 mm. A datidicaly
sgnificant loss of peri-implant bone level occurs over time,
The mean peri-implant bonelevelsare 0,3 mm a thetime of
progthetic loading; 0,90 mm after 1 year, and 0,98 mmafter 2
years At implant placement, the mean implant stability quo-
tient valueis49,3; a ddivery of thefind reorationitis63,9
and dter 2 yearsof loading it is 73,6. Verticd ridge augmen-
tation around rough-surface implants using e-PTFE mem-
brane and nano-structured Mg-enriched hydroxyapdite is
successful even in cases with early loading.

Carbonated hydroxyapatite-coated titanium finds wide ap-
plications as bone subdtitute implant in dental surgery pro-
moting osseointegration with a host bone and ensuring
biocompatibility and bioactivity (8). Carbonaed
hydroxyapetite films are prepared on titanium substrates by
pulsed laser depostion at different substrate temperatures
(30°C-750°C). Their properties are studied by scanning
electron and atomic force microscopy, energy-dispersive
x-ray diffraction, and Fourier transform infrared spectros-
copy. They arenearly stoichiometric with aCa/P atomic ra-
tio of 2,0-2,2. Thefilms deposited between 30°C-500°C are
about 9 micrometer thick, amorphous and of an average
roughness of 60 nm. At 700°C-750°C, they are about 4 mi-
crometer thick, show afiner surface morphology and an av-
erage roughness of 20 nm. At 750°C, they are amorphous,
whereasat 700°C they are crystallineand textured dong the
(202) and (212) directions. The intringc hardness of the
films increases with an increase in substrate temperature,
being aslow as’5 GPaat 30°C and reaching ahigh value of
28 GPaa 700°C.

The surface of commercialy pure titanium dental implants
coated with hydroxyapatite is characterized by plasma
spray and biomimetic process (10). Scanning eectron mi-
croscopy, Fourier-transformed infrared spectroscopy and
X-ray photoelectron spectroscopy are peformed. The
plasma spray process generates atypica rough topography
mainly congsting of hydroxyapatite. The hydroxyapatite
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coating produced by biomimetic process is patidly dis
solved in water and only avery thin layer of cacium titan-
ate plus cdcium phogphate and, probably, beta-tricacium
phosphate remains. In vitro test shows that both coatings
can be cons dered bioactive. The modified biomimetic pro-
cess is a smple and low-cost dternative to coat titanium
with a high potentia of in vitro application.

Orthopaedic applications of hydroxyapatite
coatings on titanium implants

The efects of an  dectrochemicdly  deposted
nanochydroxyapatite coating on the bone bonding of sand-
blasted and dud acid-etched titanium implants are studied in
100 coated and uncoated titanium implants (3 mmin diame-
ter, 10 mm long) (4). After 2, 4, 6, 8, and 12 weeks of bone
hedling, removad torque tests are performed to evauate the
interfacia shear strength of each implant type by meansof an
dectron microscope equipped with an energy dispersive
dectron probe x-ray microandyzer. The mean vauesfor the
dectrochemicaly deposited  nano-hydroxyapetite-coated
implantsare 39,6 Ncm at 2 weeksand 40,4 Ncm & 4 weeks
while the corresponding vaues for the control implants are
21,1 Nemand 24,1 Nem. Thevauesof theseimplantsareby
87% higher than those of control implants after 2 weeks of
heding (p=0,015). The mean vaues of both types of im-
plantsare, however, Smilar after 6, 8, or 12 weeksof heding.
The dectrochemicdly deposted nano-hydroxyepdite
nanocrysta coating exerts a beneficid effect on interfecid
shear strength during the early stages of bone hediing.

The performances of commercidly pure titanium screw
dental implants, either uncoated, or coated with synthetic
hydroxyapetite, are compared in vivo by eectrophoresis
(2). The hisomorphometric patterns of hydroxyapatite
coating are characterized by scanning € ectron microscopy.
Besides analyses by energy dispersive spectroscopy and
Fourier-transform infrared spectroscopy are gpplied. There
is a dgnificantly greater bone-implant contect of
hydroxyapetite-coated implants (p<0,05) than of titanium
implants. Comparison of bone content insgde the screw im+
plants shows no sgnificant differences between both types
of implants, dthough titanium ones have numericaly
higher  percentage of bone content  than
hydroxyapetite-coated ones. The coating by e ectrophore-
ssisavauable process to coa metalic implants with an
ogteoconductive materia such as hydroxyapatite.
Theeffectsof biomimeticaly and electrochemicaly depos-
ited hydroxyapatite on the fixation of aporoustitaniumim-
plant with bone tissue are examined (11). These implants
belong to 3 groups. roughened, biomimeticaly deposited
cacium-phosphorus, and  eectrochemicaly deposited
hydroxyapetite. Removd torque tests and field-emission
scanning electron microscopy observations are performed.
The dectrochemicdly deposited hydroxyapdtite group
shows significantly greeter test values than do the other
groups. The biomimeticaly deposited calcium-phosphorus
group fals to increase the test values compared with the
roughened one. Fidd-emission scanning electron micros
copy demonstrates agreater anount of attached bonetissue
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on the eectrochemically deposited hydroxyapatite-coated
implant surface than that on the roughened and
biomimeticaly deposited calcium-phosphorus-coated im+
plant surfaces. The eectrochemica hydroxyapetite coating
contributes better to thefixation between boneand titanium
implant.

The biologic effect in vivo of hydroxyapatite nanoparticle
surface modification on commercidly puretitaniumor tita:
nium aloy (Ti-6Al-4V) implants in progressive early
bone-implant fixation is evauated (7). Miniaure cylindric
titanium and Ti-6Al-4V implants are pretreated with dua
acid etching and a subset is further modified with such
nanoparticles using discrete crystalline deposition. The re-
sultant implant surface topography is characterized by in-
terferometry and scanning eectron microscopy. After 4
days, 1 week and 2 weeks of hedling, osseointegration is
assesed by implant pudhin tests or microcomputed to-
mography. Ti-6Al-4V samples are harvested a week 2,
prepared for non-decacified hisology and subjected to
bone-to-implant contact measurement. Discrete crystdline
depogition trestment generates acomplex surface morphol-
ogy viathe bonded hydroxyapetite nanoparticles. The am-
plitude and spetid, hybrid, and functiona surface rough-
ness parameters measured at the micron and submicron
levels do not depict any topographic differences between
the dud acid etching and the discrete crystaline deposi-
tion-modified titanium implants. Push-in values of dud
acid etching titanium and Ti-6Al-4V implants sharply in-
crease at week 1 followed by aplateau at week 2. Discrete
crydalline depostion titanium and Ti-6Al-4V implants
show similar sharp increases at week 1, however, theseval-
ues continue to increase a week 2. The surrounding bone
architecture evaluated by microcomputed tomography and
the bone-to-implant contact ratio does not correl atewith the
biomechanica implant osseointegration measurement.
Early osseointegration is more senstively regulated by
nanoscale surface characterigtics.

CONCLUSION

Further comprehensive experimental and dlinica investi-
gations of hydroxyapdtite coatings on dental titanium im-
plants will promote the broader applications of these suit-
able biomateridsin everyday practice.
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