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Abstract:  

We have modified Ti6Al4V at the micro and nanoscale by using ion beam irradiation 

with 5 MeV Si+ ions through 1D micromasks. The passivation layer on irradiated areas 

inhibits hydrofluoric acid induced etching, leading to pitting contrasts. Surface 

microscopies and spectroscopies reveal that the nanotopographic modification correlates 

with a preferential titanium etching, and lead to dual surface free energy properties. The 

patterns are able to induce guidance of olfactory ensheathing glia cells, mainly through 

inhibition of adhesion on nanostructured areas, and could be attractive substrates for the 

induction of stimuli to neural cells under non voltaic polarization.  

 

Keywords: high energy ion beam implantation, pitting, Ti6Al4V, cell guidance, olfactory 

ensheathing glia cells. 
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1 Introduction 

Titanium alloys are present nowadays in many advanced mechanical applications, 

such as in the fuselage of aircrafts, sports tools and in endo-prostheses, to cite a few 

examples [1]. Ti has two allotropic configurations: α, with hexagonal close-packed crystal 

structure; and β, with body-centered cubic structure. By adding aluminium and vanadium 

as main α and β stabilizers, respectively, alpha-beta alloys can be stabilized at room 

temperature. Ti6Al4V (90 Ti, 6 Al, 4 V wt.%) is the most common α+β titanium alloy, 

which exhibits high strength while maintaining high temperature processability 

(especially welcome when biomedical applications are in focus) [2]. In the field of 

regenerative medicine, the performance of titanium endoprostheses is sustained (besides 

the mechanical properties of the alloys) by their high biocompatibility, which derives 

from the presence of a protective oxide layer with slow pitting kinetics in physiological 

conditions [3].  

The topography of titanium plays a relevant role in the cyto and histocompatibility 

of the alloy, which has justified an engineering of the surfaces from the nano to the 

micometer scale [4]. The topography affects directly and indirectly the surface free 

energy; by inducing capillary effects and by modifying the surface chemistry via the 

deployment of a thicker oxide layer [5]. These overall changes in surface free energy are 

sensed by different cells and tissues and determine the bioadhesive or non-fouling 

response of the alloy; while macrotopographies induce enhanced biointegration [6], the 

presence of highly hydrophilic titania nanoconstructs induces cell-repellent behaviour [7, 

8].  

In spite of the protecting effect of the oxide, since the expected lifetime of implants 

often exceeds 10 years, the Ti alloy suffers a progressive corrosion. This slow process 

can be prevented by different chemical and physical corrosion prevention processes [9], 
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which lead most often to the formation of an additional passivation layer. Among the 

chemical methods, electrochemically designed interfaces [10], sol-gel ceramic [11] and 

bioceramic [12] coatings and biopolymer-metal nanocomposite layers [13], have been 

used to reinforce passivation. From the side of the physical techniques, laser annealing 

[14], ultrasonic hardening [15], electron beam melting [16], magnetron sputtering 

nitruration [17], and ion implantation in the KeV [18] and MeV [19, 20] ion energy range 

have been proposed for the same purpose.  

Interestingly, periodic micro and nanotopographies have become a relevant 

instrument to carry out fundamental and applied studies related to cell adhesion control 

[21, 22]. From the exploration of basic metabolic changes in guided/polarized cells 

leading to enhanced biocompatibility [23], applications of micro/nano-patterned titanium 

based materials evolve to the production of anisotropic tissues [24]. It has also been 

shown that micropatterning is an outstanding intermediate step to produce un-cracked 

anticorrosive bioceramic films on metallic devices [25]. In this direction, surface 

micro/nanotexturing of Ti surfaces has been induced by laser processes [26]. In the 

current work, we propose that a sequential process of selective high energy ion 

bombardment and HF induced etching, can be used to create alternative nanotopographic 

micropatterns on Ti6Al4V alloys. We propose that by such micropatterning one can not 

only improve the integration response and assimilation of an implant, but also propose 

new devices, such as cell guides for neuronal interconnections [27].  

In this sense, we studied in this work an immortalized line of glial cells derived 

from human olfactory bulb (TS14 Olfactory Ensheathing Cells, OECs) [28]. We 

previously characterized this cell line and confirmed that they maintain the neuro-

regenerative and axonal growth promoting properties of primary OECs. These cells have 

been demonstrated to promote functional and structural recovery when transplanted into 
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the injured spinal cord  [29]), with indications of similar potential in clinical studies. 

Indeed, in a limited number of patients with spinal cord injuries there were promising 

indications of the potential of OEC transplants to restore some voluntary motor activity 

[30]. These results set the interest for a deeper study of the interaction of OECs with 

structural implantable biomaterials such as Ti6Al4V alloys.  

 

2 Experimental 

2.1 Ti6Al4V micropatterning. 

The fabrication of nanotopographic micropatterns on Ti6Al4V was performed 

after independent optimization of the high energy ion implantation and pitting processes 

following the fabrication scheme of Figure 1, which led to their final use as cell guiding 

supports. Squared pieces of Ti6Al4V (1x1 cm2) were cut and polished with ascendant 

grades of silicon carbide sandpaper (P2000) and final smoothing with a velvet cloth until 

a specular polishing was obtained. The Ti6Al4V surfaces were finally washed in 

trichloroethylene, acetone and ethanol (EtOH) in subsequent ultrasound baths of 20 min 

at 40°C. 

The Ti6Al4V substrates were irradiated in a tandetron accelerator with 5 MeV Si+ 

ions at fluences of 11014, 11015 or 51015 cm-2. When irradiating with high energy ions, 

the loss of energy is generally dominated by the electronic braking power, caused by the 

interactions between the ion and the electrons of the material. These electronic processes 

lead to a soft and quasi-continuous loss of energy, leaving the direction of the projectile 

almost invariant during this first stage of implantation [31]. Selective irradiation was 

achieved by placing 1D copper TEM grids (30-50 µm wide stripes) on the Ti6Al4V 

surface. Etching was performed in hydrofluoric acid (HF 48% vol) diluted in absolute 
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EtOH (at 1:1, 1:2 or 1:4 volume ratios) for 5 s. The etching stopped upon immersion of 

the Ti6Al4V in absolute EtOH.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Fabrication scheme of the micropatterned Ti6Al4V alloys. From top to bottom: 

a) Surface polishing of Ti6Al4V, b) masked irradiation with 5+ MeV ions, c) etching in 

HF with controlled dilution in EtOH and time and d) application in cell culture. HF, 

hydrofluoric acid; EtOH, ethanol, OECs, olfactory ensheathing cells.  

 

2.2 Characterization Techniques. 

 Ellipsometry was performed on polished and irradiated Ti6Al4V samples in a J.A. 

Woollam Co. VASE ellipsometer. Analyses were performed in the 200−1500 nm range 

at 70º incidence angle. The results were fitted to a simple TiO2/Ti6Al4V model using 

experimental determinations of the optical functions for both materials and allowing a 

diffusing interface between both materials.  
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The morphology of the Ti6Al4V surface after ion implantation and etching was 

observed by field emission scanning electron microscopy (FE-SEM, Philips XL- 30FEG). 

X-ray photoelectron spectra (XPS) were obtained in a SPECS GmbH Spectrometer upon 

irradiation with monochromatic Al-Kα X-rays (hν=1486.6 eV) and photoelectron 

analysis in normal take-off angle (40 eV pass energy). The data were processed using 

CasaXPS v16R1 (Casa Software, UK) taking the C1s hydrocarbon component at 285.00 

eV as binding energy (BE) reference and using Gaussian-Lorentzian function (G/L = 30) 

for core level envelopes. Atomic Force Microscopy (AFM) was carried out in a Dulcinea 

microscope from Nanotec Electronica, employing PPPNCH-20 cantilevers with 

L=125μm, W=30 μm and K∼24.8 N/m. A PDLFAST- 11 piezotube was used to acquire 

(in air and tapping mode) 5 μm2 and 75 μm2 images with 1024 points for each line. AFM 

images were acquired and analysed using WSxM [32]. 

Wetting was evaluated by sessile-drop Water Contact Angle (WCA) 

measurements performed in a KSV 100 system using droplet volumes of 3 μl. On the 

micropatterns, dew contrast images were obtained in a Zeiss optical microscope.  

 

2.2 Olfactory ensheathing glial cells. 

Olfactory ensheathing cells (OECs) used in this study were the immortalized cell 

line TS14 derived from olfactory bulb [28]. Stable transfectants of these cells expressing 

green fluorescent protein (GFP) from Aequorea victoria were used to allow monitoring 

of live cells on the opaque titanium substrates by fluorescence microscopy. OECs were 

grown in 10 cm dishes (total area of 56.7 cm2), at 37 °C with 5% CO2 to confluence, after 

which medium was removed and OECs were washed with phosphate buffered saline 

(PBS) and lifted from the dish with TrypLE enzyme (Thermofisher 12563029). Finally, 

cells were cultured on the Ti6Al4V samples in Dulbecco’s Modified Eagle Medium 
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(DMEM) supplemented with 10% fetal calf serum (FCS) at 37 °C with 5% CO2. Cells 

were incubated for 24 hours to allow adherence to the substrates, after which medium 

was removed and the cells were fixed for 15 minutes at 4°C with 4% paraformaldehyde. 

Nuclei were stained with 4′,6- diamidino-2-phenylindole (DAPI) diluted in PBS and 

applied for 10 minutes in the dark. For selected samples additional experiments were 

performed by staining the actin cytoskeleton with phalloidin-Alexa 647 (Thermofisher 

A22287) following the same procedure. Finally, substrates were washed three times with 

PBS and mounted with mowiol and glass coverslips. Fluorescence microscopy was 

performed using an Olympus IX-UCB inverted microscope equipped with a CCD camera. 

 

2 Results 

3.1 Irradiation and etching of Ti6Al4V. 

The formation of Ti6Al4V micropatterns was initiated with the irradiation of the 

polished surfaces with 5 MeV Si+ ions. To evaluate the effects of the irradiation process, 

a set of Ti6Al4V samples was irradiated homogeneously on the surface at different 

fluences of 1014, 1015 and 51015 cm-2. These surfaces were firstly characterized by 

ellipsometry as a sensitive optical technique for irradiation-induced damage. The results 

of the derived values of refractive index (n) and extinction coefficient (k) for the 

irradiations with different fluence are presented in Figure 2 (note curves are shifted to 

facilitate comparison). The experimental results are shown along a simulation for a simple 

model consisting of a TiO2 surface layer of variable thickness on top of a Ti substrate, 

which are interfaced by a soft transition layer. The agreement between experimental and 

fitted curves is reasonable in the visible range, although deviations exist in the infrared 

range. It can be observed that the most remarkable difference between the samples is a 

deeper valley in the extinction function at circa 290 nm, in concomitance with an 
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increasing refractive index peak at circa 260 nm, for an increasing irradiation fluence. 

This observation can be interpreted in terms of the simulated data as an effect of an 

increasing thickness of the surface TiO2 layer for increasing irradiation fluence. The data 

of thickness obtained for the different layers (transition and TiO2) from the simulated 

curves is plotted in figure 2.b. The trend illustrates that there is an increasing thickness of 

oxidised material on the surface upon increasing irradiation and that irradiation at 

fluences of 51015 cm-2 enhances the rate of formation of the surface oxide layer. Overall, 

the total oxide surface layer increases from 2.5 nm for the non-irradiated sample to circa 

9 nm for the one irradiated at 51015 cm-2. The relevance of this effect on the 

micropatterning process was put in evidence by creating irradiation contrasts with areas 

exposed to the highest fluence and areas fully protected by a metallic mask from the 

irradiation.  

 

 

 

 

 

 

 

Figure 2. a) Values of n (left axis) and k (right axis) optical functions (note shift to 

facilitate comparison) of the Ti6Al4V substrate after implantation with 5 MeV Si+ ions 

at fluences ranging from 0 to 51015 cm-2. b) Plot of the thickness of the TiO2 and 

interfacial oxide formed upon irradiation as obtained from the simulation of the spectra 

with the layer model illustrated in the inset.  
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The effect of the irradiation contrast on Ti6Al4V, prior to any etching, could be 

visualized by two wetting measurements. Firstly, the WCA of the two surfaces with 

highest irradiation contrast was measured. The WCA contrast between intensively 

irradiated areas and non-irradiated areas was circa 20º, the irradiated samples being more 

hydrophobic as illustrated in Figure 3.a. We next prepared surfaces with selective 

irradiation in micropatterned areas to see if the induced damage was enough to produce 

dew point contrasts at room temperature. Figure 3.b shows how, for an equivalent partial 

vapour pressure of water, the irradiated area of a micropatterned sample (right) resists 

dew, while non-irradiated (masked) areas are dew-covered, as a pristine polished 

Ti6Al4V substrate (left). This result suggested that the micropatterns induced by 

irradiation could lead to areas with different susceptibility to etching/pitting.  

 

Figure 3. a) WCA of Ti6Al4V substrates before and after implantation with 5 MeV Si+ 

at 1015 cm-2. b) Dew test performed on as polished (left) and micropatterned Ti6Al4V 

(right) after irradiation with 5 MeV Si+ at 1015.cm-2. 
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Finally, prior to the formation of the nanotopographic micropatterns we studied 

the effects on wetting of different etching conditions for samples irradiated with 5 MeV 

Si+ at 1015 cm-2. The WCA evolution for 50 s was measured on irradiated surfaces after 

etching in solutions with HF:EtOH volume fractions of 1:1, 1:2 and 1:4 for 5 s. The results 

are plotted in figure 4, showing that the wetting trend is relatively similar for all samples. 

However, the most concentrated conditions were more respectful of the originally 

hydrophobic nature of the irradiated samples, while the more diluted samples led to a 

more hydrophilic behaviour. This is in agreement with previous studies in which, the high 

surface tension of the HF acidic solution is more determinant of the final surface 

properties of the etched surface than the concentration of the acid used to induce the 

etching [33].  

 

 

 

 

 

 

 

 

Figure 4. WCA measurements on the surfaces of Ti6Al4V alloys after irradiation with 5 

MeV Si+ ions at 1015 cm-2 and etching in HF:etanol solutions at volume rates of 1:1, 1:2 

and 1:4 and exposure for 5 s.   
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and the other after irradiation and etching in a 1:2 HF:EtOH solution. The survey spectra 

were used to quantify the surface stoichiometry of the treated Ti6Al4V alloys, which 

contained O, an aliphatic C fingerprint, Ti, Al, V and F (this latter, only in the case of the 

etched sample). The most relevant aspect from the stoichiometric analysis is the increase 

of surface aluminium content from 4.1% to 5.1%. This rise was however much more 

remarkable when viewed in relative terms to the overall metallic elements. In fact, the 

Al/(Al+Ti+V) ratio increased from 0.29 to 0.40. The surface composition was also 

enriched in V, but in a less drastic way, with a transition of the V/(Al+Ti+V) ratio from 

0.075 to 0.071 after the etching process. This indicates a slight preferential etching of V 

from Ti6Al4V during HF etching.  

 

 

 

 

 

 

 

 

 

Figure 5 Ti2p, Al2p and O1s XPS core level spectra from the surfaces of Ti6Al4V 

irradiated with 5 MeV Si+ ions at 1015 cm-2 before (top) and after etching in HF:EtOH 1:2 

solution (bottom). 
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and Al 2p core level spectra of the Ti6Al4V samples as irradiated and after irradiation 

and etching. The Ti 2p peaks show the well resolved spin orbit splitting with the 

characteristic profile of a TiO2 phase. However, for the Al peaks that was not the case. 

The BE shift of the irradiated sample is in agreement with a partially oxidized Al (BE of 

74.0 eV), which turns into a consolidated Al2O3 for the sample after wet-etching (BE of 

74.7 eV). This observation can be related to the stoichiometric increase of surface Al, and 

points to its role as corrosion retardant by producing surface stable Al2O3 phases. In fact, 

the modification of the components of the O1s spectrum in figure 5 further support this 

idea. The high BE component at 531.6 eV (attributed to stable Al2O3 phases, and to F 

bonding) suffers after the etching treatment a relative increase with respect to the low BE 

component at 529.6 eV (attributed to carbonate and TiO2). The surface segregation and 

enrichment of Al on Ti6Al4V and related alloys is a well-known issue on the surfaces of 

both annealed [34] and irradiated alloys [35]. Our study shows that the activation of the 

wet-etching further enriches the surface alumina content, in agreement with what 

observed during thermal annealing [36] and is justified by the higher reactivity of oxygen 

with Al than Ti. This higher reactivity has been previously evidenced layeredternary 

compounds (TiAlN) [37].  

 

3.2 Micro-nano patterning of Ti6Al4V. 

To evaluate the different effects of the consecutive irradiation and etching effects 

on a single surface, micropatterns were created by masking the Ti6Al4V surfaces with 

TEM grids during ion irradiation. The morphologic effects after the two step lithographic 

process were analysed using FE-SEM and AFM. Figure 6 shows the resulting surface 

structures observed for irradiation at 1015 cm-2 and subsequent HF etching in EtOH 

solutions with decreasing F- ion concentration. Figure 6.a shows the effects with the most 
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concentrated HF solution, where microscale bodies resembling grain boundary structures 

emerge from a relatively flat surface. It is worth noting that this flat background surface 

presents a clear contrast between the irradiated and masked areas. The irradiated zone 

presents a second level of roughness, which appears as a flat area in the masked zone. By 

reducing the HF concentration to HF:EtOH 1:2 (Figure 6.b), the contrast between the two 

areas becomes more evident, with remaining flat domains on the irradiated areas that are 

fully etched out on the masked region. At the lowest HF concentration considered (Figure 

6.c), the surface etching selectivity becomes drastic, with a clear pattern towards more 

intense and smaller pitting on the masked areas with respect to the irradiated ones. The 

low magnification image (figure 6.d) clearly illustrates the topographic effect on the two 

different areas.  

 

Figure 6. SEM images from the surface of Ti6Al4V after selective irradiation with 5 

MeV Si+ ions at 11015 cm-2 and etching in 1:1 (a), 1:2 (b) and 1:4 (c) HF:EtOH. (d) 

Lower magnification image with general view of the secondary electron contrast induced 

by etching in 1:2 HF:EtOH.  
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The surface induced topographic effects were analysed with more detail using 

AFM (Figure 7). The 5x5 µm2 images show that at the nm scale the longitudinal edge 

between irradiated and masked areas is not perfectly defined. The surfaces present 

globular features of different sizes (Figs. 7a-c), which are smaller on the irradiated areas, 

and even smaller if etched at the lowest HF concentration. However, all the surfaces show 

lateral steps in the form of different z-planes at the edge between masked and irradiated 

areas. Relevantly, the step height after fitting planes is also considerably smaller for the 

HF:EtOH 1: 4 sample (less than 20 nm height versus more than 50 nm for the other two 

etching conditions). This is illustrated by the green topography profile in figure 7.d, 

showing a RMS roughness in the irradiated areas which is comparable to the analysed in 

the original polished surface (51 nm). To further examine the contrasting 

nanotopography, a statistical analysis of the nanotopography of the different samples was 

performed.  

 

Fig 7: AFM images at the edge of unirradiated/irradiated (5 MeV Si+ ions at 11015 cm-

2) Ti6Al4V areas after etching with different HF:EtOH solutions as labelled (a-c). Surface 

1:1 1:41:2

a) b) c)

d) e)
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profile across the edge of irradiation for Ti6Al4V surfaces obtained with different 

HF:EtOH solutions (the colours of the lines in the AFM images identify the samples) (d). 

Normalized height distribution for the Ti6Al4V surfaces obtained with the different 

HF:EtOH solutions (the colours of the lines identify the corresponding AFM images) (e). 

 

Figure 7.e shows the distribution of nanotopographic features and illustrates again 

that the sample etched in softer conditions (see green curve) exhibits a clearly different 

distribution, presenting a monodispersed profile with maximum value at 40 nm. At 

stronger etching conditions, the distribution presents also a maximum close to this value, 

but additional peaks with higher topography illustrate the increasing dispersion of the 

topographic distribution. These results are relevant to show that the sample obtained at 

lower HF concentrations presents a differentiating nanotopography with a smaller and 

more uniform distribution. 

 

3.3 Response of OECs. 

OECs were cultured on the surfaces of Ti6Al4V micropatterns obtained after 

irradiation with 1015 cm-2 and subsequent etching with different HF:EtOH solutions. The 

response was analysed by observation of the cells using fluorescence microscopy after 

GFP and nuclear staining. The results show that OECs adhere to all the substrates with 

no apparent differences in their capacity to extend filopodia (see figure 8a-c). In order to 

confirm the role of the actin cytoskeleton in the adhesion of the cells, an additional 

experiment was performed on Ti6Al4V micropatterns obtained with 1:4 HF:EtOh. The 

images obtained after staining with phalloidin-Alexa 647 confirmed that the expression 

of the actin cytoskeleton is rather peripheral and in coincidence with the edges and 
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terminations of the cell filopodia (See red staining in Figure 8.d), which suggests their 

indirect role in cell adhesion mechanisms.  

A morphometric study was performed to elucidate differences between the 

interaction of OECs with the supports. We first observed a higher proportion of nuclei 

positioned over irradiated areas for the samples etched in the most concentrated HF 

(Figure 8.d). With Ti6Al4V surfaces prepared at the lowest HF concentration, we 

observed a remarkable increase in the proportion of nuclei positioned on the 

edges/interfaces between the masked/irradiated regions, suggesting that OECs are 

sensitive to the increasing lateral step quantified by AFM. The nucleus (denser part of the 

cell) tends to appear on masked/shaded areas at a step below the irradiated areas, 

especially for samples prepared at the stronger etching conditions. On the other hand, on 

Ti6Al4V surfaces with no evident topographic step between the shaded/irradiated areas 

(those obtained at the lowest HF concentration) nuclei appear most often at the 

interface/edge between the two contrasting areas.  

We further performed a vectorial analysis of cell adhesion with respect to the 

orientation of the underlying micropattern to determine the influence of the substrate on 

OEC polarization (Figure 8.e). Paradoxically, the substrates showing less sensitivity to 

nuclear localization (i.e. those prepared with the lowest HF concentration) exhibited the 

highest induction of cell polarization in the direction of the underlying micropattern. 

Relevantly, this observation is accompanied by a tendency of the cells to adhere through 

divergent terminations on irradiated areas (brighter green background). According to the 

topographic study, these irradiated areas exhibit a flatter structure when confronted with 

the pitting surface of the masked areas. As further support of this, note the white arrows 

indicating areas of irradiated Ti6Al4V. These areas concentrate high densities of ramified 

adhesive terminations of OECs and long cytoskeletal extensions.   
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Relevantly, the inhibiting role of nanotopographic structures on the formation of 

focal adhesions has already been described for titania surfaces, which become antifouling 

[7]. The current results obtained on Ti6Al4V micropatterns indicate that nanotopographic 

features have an analogous inhibitory effect on the ability of OECs to adhere to these 

substrates. The inhibitory role of the nanotopography on the adhesion and its constriction 

to microscale areas induce a polarization of the cells.  

 

 

Fig 8: Adhesion of OECs on Ti6Al4V micropatterns obtained after irradiation with 1015 

cm-2 and etching with HF:EtOH solutions of 1:1 (a), 1:2 (b) and 1:4 (c) (Green: GFP 

expression, Blue: DAPI). d) Actin cytoskeleton and nuclear staining of cells on Ti6Al4V 
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micropatterns etched in 1:4 HF:EtOH. e) Chart depicting statistics of location of OEC 

nuclei. f) Chart depicting statistics of OEC polarization.  

 

4 Conclusions  

The present work highlights the potential of the combination of sequential 

processes of selective ion beam irradiation and wet-etching for the engineering of micro-

patterned Ti6Al4V surfaces of biomedical interest. We have shown that the irradiation 

induced damage and subsequent atmospheric exposure induces an oxidation of the 

surface, which is at the origin of a change in the surface wettability of Ti6Al4V. This 

change leads to a differential pitting on selectively irradiated Ti6Al4V after HF etching. 

Both pristine and irradiated Ti6Al4V surfaces are prone to pitting, but the etching evolves 

faster on pristine areas. Furtheremore, the wet-etching of irradiated Ti6Al4V leads to a 

surface enrichment in oxidized Al species. By increasing the surface tension of HF (i.e. 

higher EtOH concentration) and shortening the etching time, the nanotopographic 

contrasts can be maximized. The contrasts consist of a lateral step at the edge of the 

original irradiation mask (smaller for EtOH diluted HF) and to a nanoscale pitting 

(smaller and tending to monodisperse for EtOH diluted HF). In overall, the ion irradiation 

step desensitizes Ti6Al4V to etching in HF and the control of the HF concentration and 

immersion time allow optimizing the nanotopographic contrasts.  

The bio-functionality of resulting micropatterns has been studied by culturing 

OECs. The localization of OEC nuclei and the overall orientation of the cells with respect 

to the 1D micropatterns suggest that the most effective structures to influence cell 

behaviour are those exhibiting smaller and more pronounced monodisperse 

nanotopography on the non-irradiated Ti6Al4V. These results open the opportunity to 

create biomedical supports with hierarchical micro-nanostructures by combining ion 
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beam irradiation and chemical etching processes. These may be valuable tools as passive 

stimulators, not only for OECs, but also for a wide range of differentiated and un-

differentiated cells.  
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