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ABSTRACT

The me chan i cal prop er ties of ti ta nium and its al pha-beta al loys make them ideal im plant ma te ri als.
Hydroxyapatite coat ing sub stan tially con trib utes to the im prove ment of these im plants. This sur vey pres ents
cer tain pat terns of the com bined use of hydroxyapatite with ti ta nium and ti ta nium al loys in den tal and or tho -
pae dic implantology. It dem on strates the ad vances of re search on hydroxyapatite and its crys tal line
nanoparticles and re veals the ad van tages of and ben e fits from these coat ings for fur ther qual ity im prove ment
of ti ta nium im plants. 
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INTRODUCTION

Ti ta nium and its al pha-beta al loys pos sess me chan i cal
prop er ties that make them ideal im plant ma te ri als. Be cause
of light weight, high strength to weight ra tio, low modulus
of elas tic ity, ex cel lent cor ro sion re sis tance and
biocompatibility, good lo cal spot weldability, easy shap ing
and fin ish ing by nu mer ous me chan i cal and elec tro chem i cal 
pro cesses, these ma te ri als are widely used in den tal
implantology and re stor ative den tistry (3). On the other
hand, there is ris ing ev i dence that coat ing with
hydroxyapatite ce ment sub stan tially im proves these im -
plants.

Characteristics of hydroxyapatite coatings
on titanium implants

Clin i cal pro ce dures place more strin gent and tough re quire -
ments on the ti ta nium sur face ne ces si tat ing its ar ti fi cial
treat ments (5). Elec tro chem i cal tech niques are sim ple and
cheap meth ods of its mod i fi ca tion. An odic ox i da tion is the
an odic elec tro chem i cal tech nique while elec tro pho retic and 
cath odic de po si tions are the cath odic ones. By an odic ox i -
da tion it is pos si ble to ob tain de sired rough ness, po ros ity
and chem i cal com po si tion of the ox ide. At high volt ages, it
can im prove the crystallinity of the ox ide. The chief ad van -
tage of this tech nique is dop ing of the coat ing of the bath
con stit u ents and in cor po ra tion of these el e ments im proves

the prop er ties of the ox ide. Elec tro pho retic de po si tion uses
hydroxyapatite pow ders dis persed in a suit able sol vent at a
par tic u lar pH. Un der these op er at ing con di tions, these par -
ti cles ac quire pos i tive charge and coat ings are ob tained on
the cath odic ti ta nium by ap ply ing an ex ter nal elec tric field.
These coat ings re quire a post-sintering treat ment to im -
prove the coat ing prop er ties. With the cath odic de po si tion,
hydroxyapatite is formed in situ from an elec tro lyte con -
tain ing cal cium and phos phate ions. It is also pos si ble to al -
ter struc ture and/or chem is try of the ob tained de posit.
Nano-grained hydroxyapatite has higher sur face en ergy
and greater bi o log i cal ac tiv ity. There fore, these coat ings
should be pro duced by cath odic de po si tion.
The ef fects of etch ing with hy dro flu oric acid to change the
sur face mor phol ogy of ti ta nium in cases of ad he sion of cal -
cium-de fi cient hydroxyapatite microspheres onto ti ta nium
are as sessed (6). The cov er age and the de gree of ad her ence
of the microsphere are eval u ated by means of elec tron
probe microanalysis. The etch ing at a hy dro flu oric acid
con cen tra tion of 0,10 mol/L cause the great est ad he sion.
Chang ing the tem per a ture be tween 303K and 323K shows
a ten dency to wards in crease of the de gree of ad her ence.
Ther mally in duced liq uid-phase de po si tion method is em -
ployed to pro duce a thin hydroxyapatite film on a ti ta nium
sub strate in a metastable cal cium phos phate so lu tion (9).
Prior to hydroxyapatite coat ing, the sub strate is im mersed
in 5 M NaOH so lu tion at 600C for 24 hours. An x-ray
diffractogram in di cates that the film de pos ited on the ti ta -
nium sub strate is com posed of hydroxyapatite. Its amount
aug ments with heat ing time in crease. The uni form
hydroxyapatite film can be formed by sim ple chem i cal and
ther mal treat ments. This tech nique is use ful for pro duc ing
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uni form hydroxyapatite coat ings on com plex-shaped and
po rous den tal im plants.
The sur vival of im plants loaded 14 weeks af ter ver ti cal ridge
aug men ta tion is eval u ated within a 2-year pro spec tive
multi-cen tre study of 20 con sec u tive pa tients in three pri vate
cen tres (1). Nano-struc tured Mg-en riched hydroxyapatite is
used as the only aug men ta tion filler ma te rial. It is cov ered
with a ti ta nium re in forced ex tended polytetrafluoroethylene
mem brane (Gore-Tex). The amount of ver ti cal bone gain,
pros the sis and im plant suc cess, com pli ca tions and ra dio -
graphic mar ginal bone level changes are as sessed at 12 and
24 months of pros thetic load ing. Fre quency res o nance anal -
y sis of ex pressed val ues us ing im plant sta bil ity quo tient is
per formed at im plant in ser tion, when de fin i tive res to ra tion is
seated, and af ter 24 months of pros thetic load ing. No pa tient
drops out, all im plants are clin i cally sta ble, and no pros the sis
fails. Ini tial clin i cal eval u a tions show an av er age de fect
height of 4,1 mm. Com plete bone fill ing of the re gen er a tion
vol ume is ob tained in 19 out of 20 cases. The mean bone
height gain is 5,6 mm. Ra dio graphic as sess ments of
inter-im plant re gen er ated bone lev els af ter 24 months of
load ing pres ent a mean value of 1,0±0,48 mm. A sta tis ti cally
sig nif i cant loss of peri-im plant bone level oc curs over time.
The mean peri-im plant bone lev els are 0,3 mm at the time of
pros thetic load ing; 0,90 mm af ter 1 year, and 0,98 mm af ter 2 
years. At im plant place ment, the mean im plant sta bil ity quo -
tient value is 49,3; at de liv ery of the fi nal res to ra tion it is 63,9
and af ter 2 years of load ing it is 73,6. Ver ti cal ridge aug men -
ta tion around rough-sur face im plants us ing e-PTFE mem -
brane and nano-struc tured Mg-en riched hydroxyapatite is
suc cess ful even in cases with early load ing.
Car bon ated hydroxyapatite-coated ti ta nium finds wide ap -
pli ca tions as bone sub sti tute im plant in den tal sur gery pro -
mot ing osseointegration with a host bone and en sur ing
biocompatibility and bioactivity (8). Car bon ated
hydroxyapatite films are pre pared on ti ta nium sub strates by 
pulsed la ser de po si tion at dif fer ent sub strate tem per a tures
(300C-7500C). Their prop er ties are stud ied by scan ning
elec tron and atomic force mi cros copy, en ergy-dispersive
x-ray dif frac tion, and Fou rier trans form in fra red spec tros -
copy. They are nearly stoichiometric with a Ca/P atomic ra -
tio of 2,0-2,2. The films de pos ited be tween 300C-5000C are 
about 9 mi crom e ter thick, amor phous and of an av er age
rough ness of 60 nm. At 7000C-7500C, they are about 4 mi -
crom e ter thick, show a finer sur face mor phol ogy and an av -
er age rough ness of 20 nm. At 7500C, they are amor phous,
whereas at 7000C they are crys tal line and tex tured along the 
(202) and (212) di rec tions. The in trin sic hard ness of the
films in creases with an in crease in sub strate tem per a ture,
be ing as low as 5 GPa at 300C and reach ing a high value of
28 GPa at 7000C. 
The sur face of com mer cially pure ti ta nium den tal im plants
coated with hydroxyapatite is char ac ter ized by plasma
spray and biomimetic pro cess (10). Scan ning elec tron mi -
cros copy, Fou rier-trans formed in fra red spec tros copy and
x-ray pho to elec tron spec tros copy are per formed. The
plasma spray pro cess gen er ates a typ i cal rough to pog ra phy
mainly con sist ing of hydroxyapatite. The hydroxyapatite

coat ing pro duced by biomimetic pro cess is par tially dis -
solved in wa ter and only a very thin layer of cal cium ti tan -
ate plus cal cium phos phate and, prob a bly, beta-tricalcium
phos phate re mains. In vi tro test shows that both coat ings
can be con sid ered bioactive. The mod i fied biomimetic pro -
cess is a sim ple and low-cost al ter na tive to coat ti ta nium
with a high po ten tial of in vi tro ap pli ca tion.

Orthopaedic applications of hydroxyapatite 
coatings on titanium implants

The ef fects of an elec tro chem i cally de pos ited
nanohydroxyapatite coat ing on the bone bond ing of sand -
blasted and dual acid-etched ti ta nium im plants are stud ied in
100 coated and un coat ed ti ta nium im plants (3 mm in di am e -
ter, 10 mm long) (4). Af ter 2, 4, 6, 8, and 12 weeks of bone
heal ing, re moval torque tests are per formed to eval u ate the
in ter fa cial shear strength of each im plant type by means of an 
elec tron mi cro scope equipped with an en ergy dispersive
elec tron probe x-ray microanalyzer. The mean val ues for the
elec tro chem i cally de pos ited nano-hydroxyapatite-coated
im plants are 39,6 Ncm at 2 weeks and 40,4 Ncm at 4 weeks
while the cor re spond ing val ues for the con trol im plants are
21,1 Ncm and 24,1 Ncm. The val ues of these im plants are by 
87% higher than those of con trol im plants af ter 2 weeks of
heal ing (p=0,015). The mean val ues of both types of im -
plants are, how ever, sim i lar af ter 6, 8, or 12 weeks of heal ing. 
The elec tro chem i cally de pos ited nano-hydroxyapatite
nanocrystal coat ing ex erts a ben e fi cial ef fect on in ter fa cial
shear strength dur ing the early stages of bone heal ing.
The per for mances of com mer cially pure ti ta nium screw
den tal im plants, ei ther un coat ed, or coated with syn thetic
hydroxyapatite, are com pared in vivo by elec tro pho re sis
(2). The histomorphometric pat terns of hydroxyapatite
coat ing are char ac ter ized by scan ning elec tron mi cros copy. 
Be sides anal y ses by en ergy dispersive spec tros copy and
Fou rier-trans form in fra red spec tros copy are ap plied. There
is a sig nif i cantly greater bone-im plant con tact of
hydroxyapatite-coated im plants (p<0,05) than of ti ta nium
im plants. Com par i son of bone con tent in side the screw im -
plants shows no sig nif i cant dif fer ences be tween both types
of im plants, al though ti ta nium ones have nu mer i cally
higher per cent age of bone con tent than
hydroxyapatite-coated ones. The coat ing by elec tro pho re -
sis is a valu able pro cess to coat me tal lic im plants with an
osteoconductive ma te rial such as hydroxyapatite.
The ef fects of biomimetically and elec tro chem i cally de pos -
ited hydroxyapatite on the fix a tion of a po rous ti ta nium im -
plant with bone tis sue are ex am ined (11). These im plants
be long to 3 groups: rough ened, biomimetically de pos ited
cal cium-phos pho rus, and elec tro chem i cally de pos ited
hydroxyapatite. Re moval torque tests and field-emis sion
scan ning elec tron mi cros copy ob ser va tions are per formed.
The elec tro chem i cally de pos ited hydroxyapatite group
shows sig nif i cantly greater test val ues than do the other
groups. The biomimetically de pos ited cal cium-phos pho rus 
group fails to in crease the test val ues com pared with the
rough ened one. Field-emis sion scan ning elec tron mi cros -
copy dem on strates a greater amount of at tached bone tis sue 
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on the elec tro chem i cally de pos ited hydroxyapatite-coated
im plant sur face than that on the rough ened and
biomimetically de pos ited cal cium-phos pho rus-coated im -
plant sur faces. The elec tro chem i cal hydroxyapatite coat ing
con trib utes better to the fix a tion be tween bone and ti ta nium 
im plant.
The bi o logic ef fect in vivo of hydroxyapatite nanoparticle
sur face mod i fi ca tion on com mer cially pure ti ta nium or ti ta -
nium al loy (Ti-6Al-4V) im plants in pro gres sive early
bone-im plant fix a tion is eval u ated (7). Min ia ture cy lin dric
ti ta nium and Ti-6Al-4V im plants are pretreated with dual
acid etch ing and a sub set is fur ther mod i fied with such
nanoparticles us ing dis crete crys tal line de po si tion. The re -
sul tant im plant sur face to pog ra phy is char ac ter ized by in -
ter fer om e try and scan ning elec tron mi cros copy. Af ter 4
days, 1 week and 2 weeks of heal ing, osseointegration is
as sessed by im plant push-in tests or microcomputed to -
mog ra phy. Ti-6Al-4V sam ples are har vested at week 2,
pre pared for non-decalcified his tol ogy and sub jected to
bone-to-im plant con tact mea sure ment. Dis crete crys tal line
de po si tion treat ment gen er ates a com plex sur face mor phol -
ogy via the bonded hydroxyapatite nanoparticles. The am -
pli tude and spa tial, hy brid, and func tional sur face rough -
ness pa ram e ters mea sured at the mi cron and submicron
lev els do not de pict any top o graphic dif fer ences be tween
the dual acid etch ing and the dis crete crys tal line de po si -
tion-mod i fied ti ta nium im plants. Push-in val ues of dual
acid etch ing ti ta nium and Ti-6Al-4V im plants sharply in -
crease at week 1 fol lowed by a pla teau at week 2. Dis crete
crys tal line de po si tion ti ta nium and Ti-6Al-4V im plants
show sim i lar sharp in creases at week 1, how ever, these val -
ues con tinue to in crease at week 2. The sur round ing bone
ar chi tec ture eval u ated by microcomputed to mog ra phy and
the bone-to-im plant con tact ra tio does not cor re late with the 
biomechanical im plant osseointegration mea sure ment.
Early osseointegration is more sen si tively reg u lated by
nanoscale sur face char ac ter is tics.

CONCLUSION

Fur ther com pre hen sive ex per i men tal and clin i cal in ves ti -
ga tions of hydroxyapatite coat ings on den tal ti ta nium im -
plants will pro mote the broader ap pli ca tions of these suit -
able biomaterials in ev ery day prac tice.
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