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Abstract One objective of this work was to study the

corrosion resistance of the new implant Ti–10Zr–5Ta–5Nb

alloy in physiological fluids of different pH values, simu-

lating the extreme functional conditions. Another objective

was in vitro biocompatibility evaluation of the new alloy

using human fetal osteoblast cell line hFOB 1.19. Cyto-

compatibility was assessed by determination of possible

material cytotoxic effects, cell morphology and cell adhe-

sion. The thermo-mechanical processing of the new

implant alloy consisted in plastic deformation (almost

90%) performed by hot rolling accompanied by an initial

and final heat treatment. The new Ti–10Zr–5Ta–5Nb alloy

presented self-passivation, with a large passive potential

range and low passive current densities, namely, a very

good anticorrosive resistance in Ringer solution of acid,

neutral and alkaline pH values. Cell viability was not

affected by the alloy substrate presence and a very good

compatibility was noticed.

1 Introduction

In the last years, researches upon cytocompatibility were

focused on the primary mechanisms which control the

cellular behaviour. As regarding bio-non bio interactions,

in the first stage, the cell adhesion take place, followed by

the cell spreading and proliferation on the artificial sub-

strate [1–5]. The quality of first stage cell-artificial material

interactions clearly influences the cell proliferation and

differentiation [3]. The molecules responsible for these

processes are represented by integrin receptors and cyto-

skeletal components [6]. Integrins are extracellular matrix

receptors involved in relaying the extracellular signals

inside the cell through focal adhesions, thus influencing

nuclear gene expression and implicitly extracellular matrix

(ECM) biosynthesis by fibronectine network formation and

specific proteins incorporation [7, 8].

In the last time, the type b titanium alloys (containing

Ti, Ta, Nb, Zr) are very attractive for biomedical applica-

tions because their very high mechanical resistance (1.6

GPa), very important for orthopaedic implants and low

elasticity modulus (60–80 GPa), very closed with of the

bone (40 GPa). In addition, the b stabilising elements as

Nb, Ta, and Zr are very resistant and biocompatible [9–19].

Studies concerning the metal biocompatibility [20–22]

show that Ti, Ta, Nb and Zr have an excellent cytocom-

patibility and much reduced cytotoxic effects for short and

long term.

Also, the metal toxicity depends by the reactivity of the

released ions to proteins and by the primary stability of the

corrosion products and oxides existing or resulted after

their interactions with the bone and the surrounding tissues

[20, 23–29].

In the case of an implant surgery, local acidity of the

physiological fluid can appear immediately after surgical

application, due to the hydrolysis of the passivation and

corrosion products or in the zones with low oxygen content

[30] or local alkalinity can appear in the ill periods or in the

case of inflammations and infections [31]. Taking into
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account the complexity of the human body, were simulated

various conditions that can appear for ‘‘long term service

life’’ of an implant by the using of Ringer solution of

different pH values (2.33, 7.1, 9.1) [32, 33].

Non-uniformity of the pH along the surface of an

implant can generate potential gradients DEoc(pH) that can

accelerate the corrosion and for this reason, these potential

gradients were simulated and determined [32–35].

A new, complex base titanium alloy, Ti-Zr-Nb-Ta type,

with non-toxic alloying elements was realized to be used

in implantology. It does not contain alloying elements

which can determine inflammations and/or osteolysis as

Al or V [25, 29]. New obtained Ti-10Zr-5Nb-5Ta alloy

was processed further by plastic deformation and heat

treatments.

One objective of this work was to study the corrosion

resistance of the new implant Ti-–10Zr–5Ta–5Nb alloy in

artificial physiological fluids (of different pH values-sim-

ulating the extreme functional conditions) as an aspect of

its compatibility. The second objective was in vitro cyto-

compatibility evaluation of the new Ti–10Zr–5Ta–5Nb

alloy using human fetal osteoblast cell line hFOB 1.19.

This was assessed by measuring potential cytotoxic effects

and by fluorescence microscopic studies regarding cell

morphology and cell adhesion.

2 Materials and methods

2.1 Alloy obtaining

First was established the alloy chemical composition taking

into account the final biomaterial characteristics [36–40].

The obtaining method and laboratory technology for the

synthesis of Ti–10Zr–5Ta–5Nbc alloy (in casting state) was

settled by experimental researches. An electron beam fur-

nace type EMO 80, with an installed power of 80 kW was

used. The alloy synthesis was performed in two steps under

vacuum, consisting in melting and re-melting both with

cooling stages inside furnace.

The realised chemical composition in weight % is:

Zr—9.12, Nb—4.09, Ta—4.16, Fe—0.036, O2—0.195,

N2—0.004, H2—0.0016, Ti-balance.

The thermo-mechanical processing of the new realised

alloy Ti–10Zr–5Ta–5Nbtt consists in plastic deformation

performed by hot rolling accompanied by an initial and

final heat treatment. The initial heat treatment was real-

ized to homogenize the casting structure and consists in

heating at 1000�C for 2 h followed by water cooling.

Final heat treatment (heating at 1000�C for 1 h followed

by furnace cooling) was applied in order to obtain struc-

tural transformation associated with various mechanical

and corrosion behaviour. Both heat treatments were per-

formed using an electrical laboratory furnace. Between

the initial and final heat treatment, a plastic deformation

process was placed following the idea to show the alloy

capacity to be plastically deformed. The plastic defor-

mation process was realized at 1000�C using a laboratory

roll-mill (cylinder diameter: 150 mm, rolling mill power:

45 kW, rolling mill speed: 1.5 m/s) in 16 steps and was

finished in good condition, this meaning no lateral

cracks, surface defects and material discontinuities were

present. The total deformation degree realized was almost

90% which indicates a good workability of the new

alloy.

As observed in Fig. 1 the calculated value for elastic

modulus is situated to 58.24 GPa for as-cast material and

51.97 GPa for thermo-mechanical processed material,

showing a decreasing in elastic modulus of about 10.76%

as an effect of the thermo-mechanical processing. Obtained

elastic modulus is situated much more close to cortical

bone elastic modulus (max. 35 GPa), reducing the risk of

bone resorption [41].

2.2 Electrochemical measurements

The electrodes for electrochemical and in vitro experiments

were grinded with metallographic paper of different gran-

ulations to a mirror surface. Then, for electrochemical

measurements, the electrodes were fixed in a Stern–

Makrides hold system, rinsed with distilled water,

degreased in boiling benzene and dried.

All electrochemical measurements were carried out in

Ringer solution of pH = 2.33 (obtained by HCl addition),

pH = 7.1 (normal pH), pH = 9.1 (obtained by KOH

Fig. 1 Strain–stress diagram for as-cast and thermo-mechanical

processed Ti–10Zr–5Ta–5Nb alloy
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addition). The composition of Ringer solution was (g/l):

NaCl—6.8, KCl—0.4, CaCl2—0.2, MgSO4�7H2O—0.2048,

NaH2PO4�H2O—0.1438, NaHCO3—1.1, glucose-1.

The temperature was kept at 37 ± 1�C

Electrochemical glass cell was provided with inlets for

the working electrode, for the auxiliary platinum electrode

and for Haber-Luggin capillary connected with the refer-

ence saturated calomel electrode (SCE).

The following experimental techniques were used:

potentiodynamic and linear polarization and monitoring of

the open circuit potentials [42], Eoc and corresponding

open circuit potential gradients, DEoc(pH) (due to the pH

non-uniformities of the Ringer solution) versus exposure

time (750 h).

The cyclic potentiodynamic polarization [43] was

applied beginning from -0.5 to ?4.0 V (vs. SCE) using a

scan rate of 10 mV/s. Voltalab 80 equipment with its

VoltaMaster 4 program were used. From the voltammo-

grams, the main electrochemical parameters were deter-

mined: Ecorr—corrosion potential, like zero current

potential, Ep—passivation potential at which the current

density is constant; |Ecorr - Ep| difference represents the

tendency to passivation (low values characterise a good,

easy passivation); DEp—passive potential range of the

constant current; ip—passive current density.

If the reverse curve presents lower currents than the

direct curve, it results a very stable passive state. If the

reverse curve shows higher currents than the direct curve,

pitting corrosion exists.

The linear polarization measurements (Tafel) were

applied for a range of ±200 mV around the open circuit

potential, with a scan rate of 10 mV/sec. The same Vol-

talab 80 equipment with its VoltaMaster 4 program that

delivered the values of the corrosion current densities (icorr)

and rates (Vcorr) obtained from Tafel curves was used.

The total quantity of the ions (ng/cm2) released in the

solution was determined:

ion release rate ¼ 1:016:Vcorr � 105 ð1Þ

where: Vcorr = corrosion rate in mm/year.

The open circuit potentials Eoc were monitored with the

exposure time (750 exposure hours till present) using a

performing Hullett-Pakard multimeter.

The following open circuit potential gradients that could

appear due to the pH non-uniformities along the metal

surface were simulated:

DEoc1ðpHÞ ¼ EpH¼2:33
oc � EpH¼7:1

oc ð2Þ

DEoc2ðpHÞ ¼ EpH¼2:33
oc � EpH¼9:1

oc ð3Þ

DEoc3ðpHÞ ¼ EpH¼7:1
oc � EpH¼9:1

oc ð4Þ

2.3 Cytocompatibility measurements

2.3.1 Osteoblast cell culture

Human fetal osteoblasts (hFOB 1.19, purchased from

American type cell culture collection) were cultured in

DMEM (dulbecco’s modified eagle’s medium)-Ham’s

F-12 1:1 media (Sigma–Aldrich) supplemented with 10%

fetal bovine serum (FBS, Gibco) and 0.3 mg/ml G 418

antibiotic on tissue culture polystyrene (TCPS) plates and

incubated at 34�C in a standard incubator with 5%CO2 in air.

Cells were plated at the same density (1.2 9 104 cells/cm2)

on tissue culture polystyrene plates (which served as posi-

tive control) and test metal. Prior to cell culture, test material

was sterilized at 180�C for 30 min. Cells were allowed to

adhere and to proliferate for specific times, with media

changed every 3 days.

2.3.2 Assay of cytotoxic material potential

Human fetal osteoblast, hFOB 1.19 cells were seeded onto

TCPS and alloy surfaces and incubated over a period of

3 days under standard cell culture conditions. Samples of

100 ll culture media were taken after 24, 48 and 72 h and

a lactate dehydrogenase (LDH) test was performed with a

Cytotoxicity Detection Kit from Sigma (TOX-7) according

to the manufacturer’s protocol.

2.3.3 Immunocitochemical staining of actin

and fibronectin

Cell morphology on test material was assessed by fluo-

rescent staining of actin. After culturing for 1, 4 and 24 h,

cells were washed with phosphate buffer saline (PBS) three

times and fixed with 4% paraformaldehyde for 10 min.

Fixed cells were rinsed with PBS and permeabilized for

15 min with 0.1% Triton X-100 (Sigma) in PBS. Then,

cells were pre-incubated for 1 h at room temperature with

2% bovine serum albumin (BSA, Sigma) to minimize non-

specific protein–protein interactions. After blocking with

BSA solution, cells were incubated for 1 h at 37�C with

fluorescein isothiocyanate (FITC)-conjugated phalloidin

for actin detection. For extracellular matrix protein analy-

sis, cells were maintained in culture for 5 days after

seeding. Immunostaining for fibronectin was achieved

using a mouse anti-fibronectin monoclonal primary anti-

body (1:50 dilution) and a goat anti-mouse IgG FITC-

conjugated secondary antibody (1:100 dilution) from Santa

Cruz Biotechnology.
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2.3.4 Statistical analysis

Data were expressed as mean value (MV) ± standard

deviation (SD) of three independent experiments.

3 Results

3.1 Corrosion behaviour of Ti–10Zr–5Ta–5Nb alloy

from electrochemical measurements

3.1.1 Corrosion behaviour of Ti–10Zr–5Ta–5Nb alloy

in Ringer solution of pH = 2.33

From Fig. 2a it resulted that the thermo-mechanical pro-

cessed Ti–10Zr–5Ta–5Nbtt alloy had a self-passivation

metal behaviour, without potential domain of active–

passive dissolution and with a very large passive potential

range (Table 1), as large as of the casting alloy ([4 V).

Corrosion potential of treated alloy of -0.247 V (Table 1)

is the most electropositive at this pH value and it is placed

on the Pourbaix diagrams [44] in the passivation domain of

Ti, Ta and Nb and in the corrosion domain of Zr. Also, the

treated alloy presented the lowest value for |Ecorr-Ep|

difference, showing the easiest tendency to passivation.

The treated alloy has a relative low passive current density

(in the domain of ?0.4/0.5 V) of 20.5 lA/cm2. In com-

parison with base metal and un-treated alloy (in casting

state), it was observed the improvement of the main elec-

trochemical parameters as result of the application of the

thermo-mechanical treatment.

For thermo-mechanical treated alloy, from Tafel curves

were obtained low corrosion rate of 2.08 lm/year and a

reduced total quantity of ions released in physiological

environment that places Ti–10Zr–5Ta–5Nbtt alloy in

resistance class ‘‘very stable’’ (Table 2). Because, the

corrosion rate of un-treated alloy had higher values, it
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Fig. 2 Cyclic potentiodynamic curves at 37�C in Ringer solution of: a pH = 2.33, b pH = 7.1, c pH = 9

Table 1 Main electrochemical parameters in Ringer solution of

different pH values, at 37�C

Material Ecorr

(V)

Ep

(V)

DEp

(V)

|Ecorr - Ep|

(V)

ip
(lA/cm2)

pH = 2.33

Ti -0.660 ?0.30 [4 0.960 127

TiZrTaNbc -0.257 ?0.25 [4 0.507 107

TiZrTaNbtt -0.247 ?0.23 [4 0.477 20.5

pH = 7.1

Ti -0.480 ?0.08 [4 0.560 96

TiZrTaNbc -0.507 ?0.15 [4 0.657 30

TiZrTaNbtt -0.231 ?0.10 [4 0.331 20

pH = 9.1

Ti -0.720 ?0.50 [4 1.220 2180

TiZrTaNbc -0.373 ?0.45 [4 0.823 102

TiZrTaNbtt -0.252 ?0.25 [4 0.502 25
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results that the thermo-mechanical treatment had a very

favourable effect on this parameter.

3.1.2 Corrosion behaviour of Ti–10Zr–5Ta–5Nb alloy

in Ringer solution of pH = 7.1

In normal Ringer solution of pH = 7.1, that usually exists

in human body, the thermo-treated Ti–10Zr–5Ta–5Nbtt

alloy is self-passivated (Fig. 2b), has a larger of ?4 V

passivation potential range (maximum limit of experi-

ments) and a relative low passive current density of

20 lA/cm2 (Table 1); the corrosion potential of -0.231 V

shows that the all constituent elements are in the passive

state on Pourbaix diagrams [44], so, the thermo-treated

alloy is very resistant and passive. Also, the treated alloy

presented the best value for the passivation potential, Ep

and |Ecorr - Ep| difference, proving a very good and very

easy tendency to passivation (Table 1). The positive effect

of thermo-mechanical treatment of the ennobling of the

corrosion potential, of the improvement of the tendency to

passivation and of the decrease of the passive current

(Table 1) is important.

Corrosion rate (Table 2) and corresponding ion release

rate for thermo-treated Ti–10Zr–5Ta–5Nbtt alloy has low

value, placing the alloy in ‘‘very stable’’ class.

3.1.3 Corrosion behaviour of Ti–10Zr–5Ta–5Nb alloy

in Ringer solution of pH = 9.1

In alkaline Ringer solution of pH = 9.1, that can acci-

dentally appear in the human body, the thermo-treated

Ti–10Zr–5Ta–5Nbtt alloy presented also spontaneous

passivation (Fig. 2c), having a very large passive potential

range ([ ?4 V) and relative reduced passive current den-

sity of 25 lA/cm2 (Table 1).

Taking into account the value of the corrosion potential

of -0.252 V, from Pourbaix diagrams [44] it results that

both the base metal Ti and the alloying elements Zr, Ta and

Nb are in the passive state, so, the alloy is in the passive,

stable, resistant state. Tendency to passivation has the best

value for the treated alloy (Table 1).

The thermo-mechanical treatment leaded to a better

behaviour of the treated alloy because all electrochemical

parameters have better values than un-treated alloy.

From the Tafel curves for the thermo-mechanical treated

alloy it resulted low values of the corrosion rates and ion

release rate, in the ‘‘very stable’’ class (Table 2). A decrease

of the corrosion rate of the treated alloy than of the casting

alloy it resulted proving the favourable effects of the

thermo-mechanical processing.

3.1.4 Corrosion behaviour from monitoring of the open

circuit potentials

In Ringer solution of pH = 2.33, the variation in time of

the open circuit potentials for the casting Ti–10Zr–5Ta–

5Nbc alloy (Fig 3a) generally revealed their tendency to

stabilize, the medium value after 750 exposure hours being

about -0.240 V, a potential placed in the corrosion range

of Zr and in the passive range of Ti, Ta and Nb in the

Pourbaix diagrams [44]. The thermo-mechanical treated

Ti–10Zr–5Ta–5Nbtt alloy presents slight more electropos-

itive open circuit potentials (due to the positive influence of

the applied treatments) with tendency to reach a constant

level in time; the medium value of -0.200 V places Ti, Ta

and Nb in the passive state and Zr in the corrosion state.

In normal Ringer solution of pH = 7.1 (Fig. 3b) it

resulted more ennoble values of the Eoc both for casting

and thermo-treated alloy, values which reaches -0.180 V,

respectively -0.150 V, assuring a good stability and

resistance, because the all alloying components are in the

position of passive, stable state on the Pourbaix diagrams

[44], at this pH value. It was observed that the treated alloy

revealed more electropositive values of the Eoc potential

than the casting alloy, as result of the beneficial effects

produced by the thermo-mechanical treatment.

In alkaline Ringer solution of pH = 9.1 (Fig. 3c), the

same phenomena were observed: more electropositive

open circuit potentials in time (for casting alloy at &
-0.140 V and for treated alloy at & -0.130 V), placed in

the passive potential range for Ti, Zr, Ta and Nb, so, a

stable state and good anticorrosive resistance; the thermo-

mechanical treated alloy reveals the most electropositive

values of the open circuit potentials because the heat

Table 2 Corrosion rates and ion release in Ringer solution of dif-

ferent pH values, at 37�C

Material icorr

(lA/cm2)

Vcorr

(lm/yr)

Category Ion release

(lg/cm2)

pH = 2.33

Ti 0.746 8.63 VS 0.88

TiZrTaNbc 0.94 10.78 S 1.11

TiZrTaNbtt 0.18 2.08 VS 0.21

pH = 7.1

Ti 0.822 9.50 VS 0.97

TiZrTaNbc 0.23 2.66 VS 0.27

TiZrTaNbtt 0.10 1.16 VS 0.12

pH = 9.1

Ti 1.19 13.76 S 1.40

TiZrTaNbc 0.15 1.74 VS 0.18

TiZrTaNbtt 0.11 1.27 VS 0.13

VS very stable, S stable
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treatment and plastic deformation processes took their

effects to ennoble Eoc.

3.1.5 Corrosion behaviour from the monitoring of the open

circuit potential gradients

From the long term monitoring of the open circuit potential

gradients (Table 3) it resulted that for the casting Ti–10Zr–

5Ta–5Nbc alloy, these gradients have low values (from

0.015 to 0.100 V), situated under the permitted limit of

0.6–0.7 V and can not generate galvanic or local corrosion

[45–48].

In the case of thermo-mechanical treated Ti–10Zr–5Ta–

5Nbtt alloy, it resulted very low values for open circuit

potential gradients from 0.001 to 0.198 V (Table 3), that

can not initiate and maintain galvanic cells or local

corrosion.

3.2 In vitro biocompatibility assays

Comparative cell viability and cell morphology studies on

osteoblasts grown on TCPS and new Ti–10Zr–5Ta–5Nbtt

thermo-mechanical processed supports were performed.

3.2.1 Ti–10Zr–5Ta–5Nbtt alloy effect on osteoblasts

viability

One of the objectives of this study was to determine if the

new alloy affects the cellular survival. To test this

parameter, the LDH activity in the culture media was

measured. LDH is a soluble cytosolic enzyme that is

released from the cells following loss of membrane integ-

rity resulting from either apoptosis or necrosis. Therefore,

LDH activity can be used as an indicator of cell membrane

integrity and serves as a general mean to assess cytotox-

icity. As shown in Fig. 4, the cell viability is lightly

influenced by substrate presence [49–51]. Thus, after 24 h

there is an increase of LDH activity in the culture media

from osteoblasts seeded on Ti–10Zr–5Ta–5Nbtt alloy sub-

strate compared with control specimen.
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Fig. 3 Monitoring of the open

circuit potentials in Ringer

solution of: a pH = 2.33,

b pH = 7.1, c pH = 9.1

Table 3 Open circuit potential gradients in Ringer solution, at 37�C

Material Time

(h)

DEoc1 (pH)

(V)

DEoc2 (pH)

(V)

DEoc3 (pH)

(V)

Ti 100 -0.014 ?0.077 ?0.091

300 -0.079 -0.027 ?0.052

500 -0.044 -0.028 ?0.016

750 -0.116 -0.056 ?0.060

TiZrTaNbc 100 ?0.019 -0.037 -0.056

300 -0.024 -0.083 -0.060

500 -0.028 -0.099 -0.072

750 -0.015 -0.100 -0.045

TiZrTaNbtt 100 ?0.001 -0.056 -0.057

300 -0.027 -0.086 -0.060

500 -0.031 -0.198 -0.068

750 -0.071 -0.075 -0.004
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3.2.2 Cytomorphology and hFOB 1.19 cells orientation

in contact with substrate

The observation in fluorescent microscopy of osteoblasts

grown on Ti–10Zr–5Ta–5Nbtt substrate and on TCPS

showed similarities regarding cell adhesion and density and

spreading pattern (Fig. 5). The cells, initially having a

round shape as a result of weak cellular contacts with the

substrate, changed their morphology in time. Therefore, at

4 h post-seeding, the majority of hFOB 1.19 cells adopted

an elongated morphology following their spreading.

3.2.3 Osteoblast adhesion capacity on Ti–10Zr–5Ta–5Nbtt

alloy substrate

Cells growth on the different substrates is favoured by

secreted extracellular matrix (ECM) proteins. These ECM

proteins in turn transduce extracellular signals, through the

membrane receptors to the cytosol via focal contacts

[52, 53].Variations in substratum surface properties affect

cell–biomaterial interfacial characteristics, potentially

influencing cellular functions. We examined the effect of

Ti–10Zr–5Ta–5Nbtt alloy on osteoblastic cell fibronectin

synthesis. Fibronectin plays a major role in the adhesion of

many cell types. The extent of cell adhesion in vitro is

related not only to the ability of the cells to interact with

matrix-bound fibronectin, when it is present, but also to the

synthesis of fibronectin by the cells. Fibronectin expression

by hFOB 1.19 grown on Ti–10Zr–5Ta–5Nbtt alloy sub-

strate and on TCPS is illustrated in Fig. 6. In both cases, a

high fibronectin expression was noticed. However, differ-

ences in the fibronectin network distribution were

remarked, probably as a result of surface topographic

characteristics [54]. Thus, the fluorescent images showed a

random fibronectin distribution on the control sample while

on Ti–10Zr–5Ta–5Nbtt alloy specimen, a more uniform

fibronectin network was observed. One can conclude that

both, control and tested material substrates revealed

favourable adhesion properties for tested cells.

4 Discussions

The new alloy in casting state Ti–10Zr–5Ta–5Nbc exhibited

better corrosion potentials than the base metal in Ringer

solutions of different pH values (Table 1) due to the gal-

vanic couple effects of the alloying elements. Also, the

thermo-mechanical treated alloy Ti–10Zr–5Ta-–5Nbtt pre-

sented an improvement of its corrosion potentials in com-

parison with the casting alloy Ti–10Zr–5Ta–5Nbc (Table 1)

proving the beneficial effects of the thermo-mechanical

processing.

The tendency to passivation |Ecorr - Ep| is better for

casting alloy and is the best for thermo-mechanical treated

alloy (Table 1), showing that the alloy can be easier pas-

sivated due to the favourable influence of the alloying

elements that participate with their passive oxides (ZrO2,

Ta2O5, Nb2O5) [20, 55] to the formation of the passive

layer. This layer is more compact, more stable than of the

base metal, as it results from the lower values of the cor-

rosion current densities and corrosion rates and corre-

sponding ion release rates (Table 2).

Concerning the monitoring of the open circuit potentials

in acid Ringer solution of pH = 2.33, the initial decrease

of the Eoc values suggests the dissolution of the air-formed

oxide film and their subsequent increase denotes the for-

mation of a new passive oxide film in solution. It is known,

that the passive layer on titanium and its alloys can be

disrupted and it can get re-formed very easily, leading to

spontaneous repassivation [56]. In normal Ringer solution

of pH = 7.1, the ennoblement of the open circuit potentials

indicates the increasing of the passive film thickness [57].

In alkaline Ringer solution of pH = 9.1, also, the same

processes of the thickening of the passive layer take place.

Osteoblast viability increased on the thermo-treated

alloy substrate than on the control specimen, the difference

expressed in percents varying with observation time: 5.2%

after 24 h, 5.95% after 48 h and 5.66% after 72 h, sug-

gesting a better cytocompatibility for the alloy.

Regarding the hFOB 1.19 cells cytomorphology, after

24 h of culture, the cells displayed a quasi-similar polyg-

onal shape with short cytoplasmic prolongations but slight

differences in the distribution pattern. Thus, on the control

sample, osteoblasts showed a network-like distribution,

while on the Ti–10Zr–5Ta–5Nbtt substrate, they tended to

make parallel alignments as a result of contact guidance

cue.

The osteoblast adhesion on the alloy substrate

revealed a more uniform, parallel distribution than on the

control sample, due to the more favourable topographic

characteristics.

So, we had demonstrated that the new thermo-

treated alloy Ti–10Zr–5Ta–5Nbtt has a very good cyto-

compatibility.

Fig. 4 Time course for the effect of Ti–10Zr–5Ta–5Nbtt alloy on

osteoblasts viability measured using LDH assay
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5 Conclusions

1. Thermo-mechanical treated Ti–10Zr–5Ta–5Nbtt alloy

exhibited a behaviour of self-passivation metal, with a

large passive potential range and low passive current

densities, namely, a very good anticorrosive resistance

in Ringer solution of acid, neutral and alkaline pH

values. The best behaviour was registered in neutral

Ringer solution.

2. In comparison with the un-treated alloy, it appears an

improvement of all electrochemical parameters and of

the corrosion rates as result of the application of the

thermo-mechanical treatment.

3. Cell viability is not affected by the alloy substrate

presence, on the contrary it is increased.

4. Cell adhesion behaviour reflected by fibronectin

expression on Ti–10Zr–5Ta–5Nbtt alloy substrate was

comparable to that of cells cultured on plastic substrate.

Fig. 5 Fluorescent images of

hFOB 1.19 cells stained for

actin on control specimen and

on tested material (original

magnitude 10x)

Fig. 6 Fibronectine

fluorescence detection in hFOB

1.19 cells cultured on control

sample and Ti–10Zr–5Ta–5Nbtt

alloy specimen
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5. On the both studied surfaces, osteoblast adopted a

typical morphology with a similar actin expression

pattern; a parallel orientation tendency imposed prob-

ably by material topography was observed for

Ti–10Zr–5Ta–5Nbtt alloy.
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