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ABSTRACT

Porous tantalum is a biomaterial that was receinttyoduced in orthopaedics in order to overcome
problems of the past related to implant loosenitsguse has led to very good results, especialtifficult
cases where severe bone defect is present, as fioured to have osteoconductive and possibly,
osteoinductive properties. So, it is of great ies¢rto shed light to the mechanisms through whiié t
material leads to new bone formation after beinglamted. For this reason, a review of the current
literature was undertook. Porous tantalum is, bicklly, relatively inert, meaning that its bondiogpacity to
the bone is restricted. In order to overcome thiarle, it undergoes thermal processing in akkamvironment.
This process leads to extensive hydroxyapatitedtiom on its surface and thus, to better integnadibporous
tantalum implants. Apart from this, new bone tisiuenation occurs inside the pores of porous tantafter its
implantation and this new bone retains the chaiiatits of normal bone, i.e., bone remodeling aryédsian
systems formation. This finding is enhanced bydbservation that porous tantalum is an appropsiatstrate
for osteoblast adherence, proliferation and difféagion. Furthermore, the finding that osteoblasved from

old women (>60 years old) and cultivated on porauigalum may grow faster than osteoblasts takem fro
younger women (<45 years old) and cultivated oreroslubstrates, can partially explain porous tamtajoeod
performance in cases of patients with severe bafecd. In conclusion, porous tantalum chemical and
mechanical properties are those that, probablynele¢he already noticed good performance of thiseriz
However, further research is needed to totallyfgltte mechanisms through which they contributthgd.
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1. INTRODUCTION without screw fixation. These parameters are though
to contribute to the good and sometimes excellent,
Porous tantalum is a relatively new biomaterial in clinical results achieved with the use of porous
orthopaedics, used in domains such as hip and kne¢antalum. However, it is more interesting and
arthroplasty, hip osteonecrosis surgery and spineprobably, of even greater importance, to assess the
surgery. It consists of a carbon scaffold on whicine processes taking place at the bone-porous tantalum
tantalum is deposited. Porous tantalum possessemterface, in terms of hydroxyapatite and boneutiss
some unique mechanical properties, mainly duedo it formation, not only on the surface, but also inside
high porosity. It has a low modulus of elasticitypse biomaterial. Furthermore, it is equally importamt t
to that of subchondral and cancellous bone, leatbng examine the role of porous tantalum as a subsfoate
better load transfer and minimized stress shieldingosteoblast proliferation and differentiation, ase th
phenomenon. Its coefficient of friction is amongth procedure of porous tantalum integration takes elac
highest when talking about biomaterials, allowimg f through new bone tissue formation and osteoblasts a
sufficient primary stabilization of implants, even the key cells for this process.
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1.1. Porous Tantalum Thermal Processing in
Alkaline Environment

Porous tantalum is biologically relatively inert
(Levine et al., 2006), which means that it's bonding
capacity to the bone is restricted. This kind afldygjic
activity is necessary when talking about a metagrder

In another trial (Kataet al., 2000), the bond between
the bone and tantalum plates that had been thgrmall
treated in alkaline environment was examined, imse
of mechanical and histological properties. The ifingd
were compared to the findings of tantalum plates th
had not undergone such treatment. In the first,case

to achieve an enhanced attachment to the surrogindinbond between the plates and the bone could be

soft tissues and also, to the underlying bone-éalhec

detected within 16 weeks, whereas no such bond

when bone defect is present. For this reason, thecould be identified in the case of non-treated qdat

development of biologically active tantalum is okat
importance. Previous studies testing the formatidn

biologically active ceramics concluded that the tmos

crucial point in order to achieve bone integratadrthe
implants- is the formation of a biologically active
hydroxyapatite layer on their surface after
implanted (Kotaniet al., 1991). This can be achieved
by hydroxyapatite plasma-spraying (Kitsugt al.,
1996). When this procedure takes place,

being

Histologically, also, it could be seen that, agmrihe
first case, there was direct contact between tlaepl
and the bone. To the contrary, in the second case,
fibrous tissue had developed in this interface.

The different reaction of the bone against pregaeat
porous tantalum, compared to non-pretreated, was
explained later (Miyazakiet al., 2002), in terms of

the biochemistry. In this study, it was found that apiaus

temperature of the hydroxyapatite powder may reachsodium tantalate forms on pretreated plates’ sartaw

the value of 1000@, which leads to its partial
melting and degradation. This results to the foromat

pretreatment through the already presented way is a
prerequisite for this formation to happen. The fation

of a coating of different structure, if compared to of amorphous sodium tantalate rapidly leads to the
hydroxyapatite. As a consequence, this coating mayformation of Ta-OH groups on its surface, throubh t

detach from the underlying bone (Geesiek al.,

1995). In order to overcome these difficulties, a
different procedure is needed for the formation of

hydroxyapatite coating. This is achieved through th

use of porous tantalum implants that have undergon

thermal processing in an alkaline environment.

In accordance to this, an effort was made to form

exchange of Naions to HO" ions. It should be
mentioned that the pretreatment of porous tantafuim
more alkaline environment (5.0 M NaOH) did not l¢ad

deroxyapatite formation on its surface, as thenttion

of Ta-OH groups could not be achieved, due to igh h
Na" concentrations that slowed down the already

hydroxyapatite coating on porous tantalum surface.Presented cation exchange (Miyazakil., 2000). The

Through trials, it was observed that hydroxyapafitee
coating can be formed on amorphous tantalite hyglrog

presence of Ta-OH groups is of great importancéhep
interconnect to Ca ions and subsequently, form a type

surface when it is prepared in a 0.2-0.5 M NaOH of calcium tantalate, which reacts to phosphat®rani

solution (Miyazakiet al., 2000; 2002). This layer gets
stabilized after thermal treatment at 300°C andbexs
a stable layer of amorphous tantalum salt (Kettal.,

that are present at the SBF environment. Finadlsgdr
amounts of calcium and phosphate ions are absorbed,
leading to hydroxyapatite formation (Miyazaki al.,

2000; Kokubo, 2004). When impregnated to SBF 2002). Hydroxyapatite cores form at first, leadtnghe

(Simulated Body Fluid) - consisting of an acelluflaid
with ion concentration similar to that of humanuser the
substrate that has undergone treatment in an radkali
environment shows hydroxyapatite formation withineo
week (Kokuboet al., 1990; Kimet al., 1996). By the time
sites of hydroxyapatite formation appear, they meimi
absorb calcium and phosphate ions from the surimognd

accumulation of calcium and phosphate and ending to
the formation of a hydroxyapatite layer. This hésoa
been shown in earlier studies (Ohtsetkal., 1992). Apart
from Ta-OH groups, it is known that Si-OH and Ti-OH
groups also induce the formation of hydroxyapatite,
through their transformation to calcium silicatedan
calcium titanate respectively (Takadamsa al., 2000;

fluid, they grow spontaneously and they lead to theNishiquchiet al., 2001). It has been noticed in the past

formation of chemical bonding between the bone taed
implant. Titanium seems to have the same propedy,

that these groups are negatively charged in SBF
environment (Parks, 1965; la al., 1994; Kosmulski,

hydroxyapatite layer may form on its surface in SBF 1997). It is probably the negative charge that $etul

environment. To the contrary, this is not the cése
stainless steel and Cr- Co alloys (Kétral., 1996).
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the selective calcium absorption and subsequettly,
hydroxyapatite formation.
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But apart from porous tantalum implants that have formation inside structures of porous tantalum.oBsr
been treated in alkaline environment in order wuge tantalum cylinders (Bobyet al., 1999a) and acetabular
hydroxyapatite formation on their surface afterirthe implants (Bobynet al., 1999b) were used. The findings
implantation, it is equally interesting to asse$® t were highly supportive for the use of porous tamtal
osseointegration of porous tantalum implants that a In the case of the first study, porous tantalum

already covered by hydroxyapatite. In such a trial _ . . .
(Barrereet al., 2003a), porous tantalum cylinders where f:ylmders with a size oPL0 mm were used. They were

used. On their surface, Bone-like Carbonated Agpatit implanted to dog bones, crossing both bone cortices
(BCA) was formed, after being treated in a SBF Implants porosity was 75-80% and pore diameter was

environment. The thickness of BCA was 3®. These 430 and 65Qum. Cylinders with 43Qum pore diameter
cylinders were then implanted in sheep’s femoraldso ~ Were assessed at week 4, 16 and 52 postoperatively,
and were removed after 6, 12 or 24 weeks. In alésa  Whereas cylinders with 650m were examined at week
the BCA covered implants outperformed the non-2, 3, 4, 16 and 52. The samples were histologically
covered ones in terms of bone integration. The boneexamined. Also, mechanical testing was performed at
showed an accelerated biologic response to the BCAweek 4 and 16 in the case of implants with 480 pore
covered implants, underlining the biologically @eti  diameter. Bone tissue formation inside the impldsts
and osteoconductive nature of BCA coating. Thislgtu ghown atTable 1 At week 4, bone tissue occupied
concluded that BCA covered porous tantalum implantsgs goy of pore volume of the implants with 6&® pore
lead to a faster and superior development _Of bimsers diameter. The same value for implants with 48 pore
when compared to non-covered ones. This results to . .

o . diameter was 41.5%. The difference between the two
more stable fixation of the implant to the bone, . . S .

groups was considered as statistically significditis

something favorable in the case of implants that*®. . o L
undergo weight-bearing. difference remained statistically significant atekel6,

A more recent study (Barrerg al., 2003b), again @S the values were 69.2 and 63.1% respectivelyth&o
from the same center, examined the use of Octai@alc ~ contrary, at week 52, the difference was agairisttztly
Phosphate (OCP) as a coating of porous tantalurrsignificant, but this time in favor of the group tife
implants. The findings of this study showed thatPOC implants with a smaller pore size, as the valueg W8.7%
has a greater potential in terms of bone integnatio  for this group and 70.6% for the other one. Howetles
comparison to BCA. Apart from that, the most practical and clinical significance of these diffieces is
impressive finding was that OCP might possessdoubtful. The extensive bone formation in both gmis
osteoinductive properties when covering porousees,  the most important finding and this should be kephind.
as |t_ was found that it mdu_ced bone formatlor_1 awben So, if we consider the superior mechanical progertf
the implants were placed intramuscularly. This tamild porous tantalum with a smaller pore diameter, ttas

be explained if considering OCP’s rough surfacs, it form of porous tantalum is, probably, more appatgrito
slower resorption rate compared to BCA and prohably use in the construction ofirr,lplants '

the presence of Bone Morphogenetic Proteins (BMPs . L
P phog ( ) The pattern of bone tissue formation inside theepor

inside calcium phosphate crystals (Yuan, 2001; __ o
Ripamonti, 1996; Yuanet al., 1998). Further of porous tantalum was clarified through examinatid

amelioration of calcium phosphate coatings may kead SPecimens under electron microscopy. At week 2gbon
an even better microscopic structure and an evemesl was formed mainly at the drilling site and
resorption rate, allowing a more successiml vivo intramedullary. Although bone ingrowth was limited,
osseointegration of porous tantalum implants. there was bone formation close to porous tantalum
trabeculae. At week 3, bone ingrowth could be detkc
whereas, at week 4, bone tissue formation througtneu

As it has been found in the past (Bolyral., 1980),  whole implant was a common finding. Finally, at wee
concerning bone formation on Cr-Co alloy implamtsla 16 and week 52, bone ingrowth was really densetlzatd
its mechanical properties, the ideal pore diarmistéf-400 was also the point for the bone-implant interface.
um. When tested, these implants had a maximum $freng Another interesting finding was the formation of
of 17MPa, 8 weeks after their implantation. The sam Haversian systems and the activation of the praeedfi
investigator, in following studies, assessed thexebo bone remodeling inside the pores.

1.2. Bone Tissue Formation
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Table 1.Bone ingrowth in porous tantalum cylinders intiekato the time of
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examination and the value afpdiameter (Bobyaet al., 1999a, modified)

Bone ingrowth

Confidence interval

Time 430pm pore 65Qum pore
(week) diameter diameter (C1) 95% P value
2 - 13.3 (n = 24) (95% CI 10.8 - 15.8) - -
3 - 23.0 (n = 24) (95% CI 20.0 - 26.0) -
4 41.5 (n=12) (95% CI 37.3 - 45.8) 52.9 (n = 2HYOCI 50.4 - 55.4) 6.9-159 0.00003
16 63.1 (n = 18) (95% CI 58.2 - 68.0) 69.2 (n = 25% C167.0 - 71.5) 1.5-10.8 0.01
52 79.7 (n = 24) (95% CI 76.8( 82.5) 70.6 (n =23) (95% CI 68:H73.0) -12.90( -5.4 0.000008

Mechanical testing revealed that, at week 4, tleash
strength of the implant was, at least, 18.5MPasT#i

fiber mesh coating or with a Cr-Co alloy porous dwea
coating. The values for these structures were 2hdb

considered as a high value, compared to the sheat3.4% respectively. Apart from that, porous tantalu

strength obtained after 4 weeks of implantationdibrer

value is very close to cancellous bone density clvié

porous materials. For example, at week 4, the sheat’-7%. So the combination of porous tantalum high

strength of Cr-Co alloy was 9.3 MPa in a study uride
same investigator (Bobyet al., 1980), whereas in other
studies it varies from 1.2-13.1MPa (Camreh al.,
1976). Porous tantalum superior results could bétte
explained if we consider its higher porosity. P@ou
tantalum has a porosity of 75-80%, whereas fibeshme
coating has a porosity of 40-50% and porous bead
coating just 30-35%. This means that there is rspexe
inside the implant for bone tissue to form, leading
more favorable mechanical properties of the implant
terms of strength and of the time needed to achieige
strength after the implantation. The fast bone angh
seems to have major clinical importance, as it lacates
the procedure of implant’s stabilization, thus waiflog
earlier full weight-bearing after surgery with thee of
porous tantalum implants.

The same investigator studied, also, the pattefns o

bone ingrowth inside implants that underwent logdin

porosity with the good bone ingrowth that it shoiss
probably the reason for its superior mechanicahsjth.

Another serious finding was the filling of the gaps
that were initially observed in some cases- assalte
of inadequate reaming- between the implant and the
acetabulum. The gaps were filled by new bone
Jormation. This has been observed after the
implantation of monoblock acetabular prosthesis in
humans too (Macheraat al., 2006). It has been also
observed in some cases of prosthesis with a titafiler
mesh coating (Jasty al., 1993), but to a lesser extend.

Potentially clinically significant was also the
observation that fibrous tissue had formed inside t
pores in areas that were not occupied by bone. This
tissue might serve as a mechanical barrier thatkblo
debris from moving to the bone- implant interface.

What needs to be further clarified is the factaatth
plays the key role and leads to this extensive bone

(Bobynet al., 1999b). He studied a canine model, where ingrowth inside porous tantalum implanits.vitro andin
he implanted acetabular monoblock prosthesis andvivo studies have shown that bone formation is enhanced

observed them for 6 months. The bone-implant iatexf
underwent radiological, histological and electron
microscopy examination. The implant’s fixation was
found to be stable in all cases. In all cases logr@wth
was observed. Bone ingrowth varied from 0.2-2 mm
which is the maximum of space left for bone ingrowt
as the rest of the implant is occupied by polyethgl

at the presence of rough, sandblasting- type, cesfa
(Brunette, 1988; Goldbergt al., 1995; Hackinget al.,
1999; Kieswettert al., 1996a). As it is known, porous
tantalum surface presents such a pattern and leads
extensive bone formation. So, probably, the rolatef
rough surface should be considered too.

These results are comparable to the ones of studieg.3. Osteoblast Differentiation and Functionality

examining titanium fiber mesh (Pidhoet al., 1993).

Bone ingrowth was more intense and deeper at the

What has been already presented is the bone inigrowt

periphery of the implant, probably because of the inside porous tantalum. This is a common findingam

elliptical shape of the implant and the load coticgion
at the area. In average, 16.8% of the pores wenapied
by bone tissue. The same value for the periphethef

many studies. What has not been studied that mndh a
is of great interest, is the presence of osteablaside

the pores and furthermore, their potential for

implant was 25.1%. These findings are comparable todifferentiation and their functionality.

those of older studies (Jasyal., 1993), which studied
the bone penetration inside prosthesis with a ititan
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surface of tantalum disposed through the CVD methimel It was concluded that the differentiation of ostasts
method used in the fabrication of porous tantalliirese  inside the pores of porous tantalum took placesfast
surfaces were also compared to the surfaces ofmtiw comparison to other substrates and this could d&e seen
common orthopedic metals and to the surface ofu€iss by day 14. This means that, probably, the preserfice
Culture Plastic (TCP). This study concluded that porous tantalum promotes osteoblasts differentiatio
tantalum is a suitable substrate for the proliferatind One more finding enhancing the idea that the
differentiation of osteoblasts. This fact is sugpdrby differentiation of osteoblasts is accelerated wileey

the findings concerning the primary adhesion of grow on a porous tantalum surface, was the level of
osteoblasts to tantalum and their morphology afieir expression of genes associated to the function of
adhesion. These findings do not differ from thode o osteoblasts. At day 14, collagen type 1 (COL-1) and
TCP, which is a benchmark in vivo osteoblast study. Bone Sialoprotein (BSP-1) gene expression was lower
Apart from that, the proliferation rate of the selbn for osteoblasts cultivated on porous tantalum, canexh
tantalum surface was comparable to those obsewted f to other substrates. The reduced expression ofdmths
the other substrates. Expression of genes related treflects the reduction occurring during the procedof
osteoblast function was also at the same levelsalfor osteoblasts differentiation (Stein and Lian, 199&%t
substrates. What was studied is the expression ofor COL-1 and then for BSP-1, ending to the loss of
transcription factor CBFAL, of the extracellulaofains expression of both of them by the time of maturatd
COL-1 and OCN, of the cytokines IL-11, TNFand osteoblasts (Aubiet al., 1995).

RANKL and of OPG. No statistically significant Finally, it should be mentioned that, at the satndys
difference was found at the expression of theseegen (Welldon et al., 2008), the extension of in vitro
among the different substrates. The mineralizat&®  mineralization of the substrates was examined. Wais

was found to be faster in the cases of solid anDCV yone at week 6 and the findings supported the tdeg
tantalum, but the difference was not considered asporous tantalum is. at least. the same effectivEissie

statistically significant. . o . . L
What is different in this study, compared to prexgio Culture Plastic (T.CP). in inducing _mmerahzaﬂon.hW
could not be clarified is the underlying reasort tkd to

studies, is that the surface morphology of the sates
did not affect the function of osteoblasts. Thisldobe  these results, as they could be the consequertbe édst
partly expected, as, with the exception of CVD ahmh, proliferation of osteoblasts, or of their good ftimcality.

all the surfaces were relatively smooth. As it heen These findings are in accordance to the findinga of
already noticed, previous vivo studies (Kieswettest al., newer study (Justesesi al., 2009). In this study the
1996b; Bigerellest al., 2002; Keller, 1998; Schwarét al., morphology of osteoblasts was examined after being

2001) have shown that osteoblasts get more aclivatten  cultivated on different tantalum surfaces, withfatiént

they grow on rough surfaces. Probably, this coutd b topography. It was found that, the deeper the célihe
explained if we keep in mind the borderline rougisnef g hsirate surface were, the more elongated osgtslgiat.
CVD tantalum surface, which means that it mightafégct In previous studies (Schwarét al., 2001; Dalbyet al

the proliferation and functionality of osteoblasts. 2003 Riceet al. 2003: Wojciak-S.:tothard,t al 1996).it

It should be mentioned, though, that this study
examined the proliferation and functionality ofasttlasts  Was shown that the more elongated the shape aftissts

on surfaces. In a following study (Welldenal., 2008), is getting, th\_e more differentiated and more activese
the same investigators examined the same paranieters Cells are. This means that, these substrates cae as
the osteoblasts, but, this time, in three dimersion scaffolds, inducing bone formation inside theirgsorno
Concerning porous tantalum, the presence of oststsbl matter if they are implanted to the bone or nousTthey
could be detected everywhere inside the pores,can be used notonly asimplants, but also asgraft
independently of the depth of the area examinedlait3, . . . .
already, the cells seemed to adhere to trabecutdmcs,  1.4. Differentiation and Functionality — of
after a few mitosis rounds. The mitotic processtiooed ~ Osteoblasts Derived from Elderly Women
and reached a peek by day 14 and day 21. . . . .
What was further examined is the degree of _Orthopaedlc |mplgnts_are widely used in ogteoporqtl
osteoblasts’ differentiation. The expression of IR  Patients and also in difficult cases of patientghwi
and alkaline phosphatise was measured, given Heat t insufficient bone stock. Good results have beereaed
expression of STRO-1 gets lower as the procedure oy the use of porous tantalum implants not only in
osteoblasts maturation progresses, whereas thessipn ~ osteoporotic patients, but also in cases of patierith
of alkaline phoshatase gets higher (Gronics., 1999). poor bone stock (Nelsoet al., 2003), such as patients
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suffering from femoral head osteonecrosis (Shetiet., mediated by specific integrins (Gronowietzal., 1996;
2007) and patients that have undergone radiotherapyinhaet al., 1996) and it is hypothesized that porous
(Roseet al., 2006). So, it is of great interest to compare tantalum microstructure induces osteoblast adherenc
osteoblasts taken from elderly patients with od@sib  through the production of these integrins. Even anor
from younger patients in terms of proliferation and porous tantalum microstructure is of especiallggrrar
retention of their functionality inside porous talaim. pattern. Such surfaces present with a higher sirfac

For this reason, a study was undertaken energy, something that makes them friendlier to heme
(Sagomonyantset al., 2011). Osteoblasts originating formation (Kieswetteret al., 1996b) and of course, the
from young women (<45 years old) were compared (0o gher the material is, the bigger its surfaceobess,
osteoblasts from elderly women (>60 years old).2As  ering a wider area for the osteoblasts to adhere
substrate for cell culture, porous tantalum, tiamifibre Apart from this, it is of great importance to menti
mesh and Tissue Culture Plastic (TCP) were usdaistA  the impact of porous tantalum on the pectifion
finding of this study was the fact that the adheegrihe rate of osteoblasts of both age gro@iig ().

new bone matrix formation, the mineralization ahd t The proliferation rate that was observed on porous
rate of proliferation observed for the cells dedifeom tantalum, for cells taken from young women, was 4

old women were lower compared to the same parametertimes higher compared to titanium fiber mesh and 12
of the cells of young patients. These findings are times higher when compared to Tissue Culture Rlasti
accordance to previous ones, including the observat (TCP). The findings for osteoblasts taken from old
that there is over expression of genes relatectlialar women were even more impressive, as the prolifamati
apoptosis in elderly patients (Zheual., 2008). rate was 6 and 16 times higher respectively. These
But, the most important finding of this study ieth observations cannot be explained only in terms of
fact that porous tantalum induces new bone formatio increased adherence, as adherence is just 25-3fl%rhi
more extensively then titanium fiber mesh or tissue for porous tantalum compared to the other substréte
culture plastic, when talking about cultures ofeoblasts it can be hypothesized that porous tantalum possess
descending from elderly women. This could be mainly inherent  physicochemical properties that have an
attributed to the fast cellular proliferation thakes place on ~ nabolic effect on osteoblast proliferation.
the surface of porous tantalum. It is really irdéreg that
osteoblast proliferation and new bone formationutures 30000
of cells derived from elderly women, when porougatum BN
is present, is at least similar to that observeduitures of mH
cells from young women on the other substrates. 25000
More specifically, the adherence of osteoblasts on
porous tantalum was higher than that on the other
substrates. This finding is in contrast to what hasn
already said (Welldonet al., 2008). However, the
different age and sex group of patients that dahttie
cells and the different culture environment usedldo
explain this difference. Porous tantalum better 10000
performance could be explained in terms of diffeeen
in the surface topography of the examined materials

20000

15000

DPM/pg DNA

Apart from this, older studies (Kieswettetral., 1996a) 5000

have shown that osteoblast adherence depends lyot on

on the microscopic texture of the surface of theemal, 0 _
but, also, on its physicochemical properties anditen Ta Ti TCP

surface energy. So, the rougher the surface is, the
Stronger- the osteoblast adhergnge gets (Anselnae, Fig. 1. Osteoblast proliferation rate in different matesial
cellular proliferation. It seems that these proessare (Sagomonyantst al., 2011, modified)
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It is also interesting that porous tantalum had a2.2. Ethics
different impact on the mineralization rate of banatrix, This article is original and contains unpublished

depending on the age group examined. Whereas NPhaterial. The corresponding author confirms thawél

significant difference was observed at week 3 betwe iha other authors have read and approved the mptusc
porous tantalum and titanium fiber mesh in theurakt of 544 no ethical issues involved.

cells of young women, the difference was really

significant among the cultures of osteoblasts diiy 3. REFERENCES

patients, in favor of porous tantalum. This is &mence

for porous tantalum impact on cellular differenat Anselme, K. and M. Bigerelle, 2005. Topography etfe

Apart from this, one more fact that can serve adeexe of pure titanium substrates on human osteoblast
is the expression of certain genes. At the sameystu long-term adhesion. Acta Biomater., 1: 211-22.
(Sagomonyantst al., 2011), it was found that alkaline DOI: 10.1016/j.actbio.2004.11.009

phosphatase and osteocalcin gene expression omsporoAubin, J.E., F. Liu, L. Malaval and A.K. Gupta, B9
tantalum was at the same levels for both age graiis Osteoblast and chondroblast differentiation. Bone,
was not the case for titanium fiber mesh, as tipeession 5 17 ST:?_SSSM D?/I: 105101?//85(56@2%(QS)OOéSAB:]E
of these genes was higher among the cultures lsffo@h arrlg;el}nei:’er .an.d a'? Sg gréotét ;'Jer'zoo's' :
young women. Given the fact that these proteins are ) : " X

hesized duri bl i . in b Osteointegration of biomimetic apatite coating
synthesized during osteoblast differentiation, an coe applied onto dense and porous metal implants in

judged that osteoblasts present with a similar  fomyrs of goats. J. Biomed. Mater. Res. Part B:
differentiation potential, no matter the age group Applied Biomater., 67: 655-665.

examined, when growing on porous tantalum, whiatois DOI: 10.1002/jbm.b.10057
true for other materials, such as titanium fibesime Barrere, F., C.M. Van Der Valk, R.A.J. Dalmeijer, G
Meijer and C.A. Van Blitterswijket al., 2003.
2. CONCLUSION Osteogenecity of octacalcium phosphate coatings
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