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Abstract. The study focused on titanium-based alloys for medical applications, including commercially available grades VT1-0 and VT6,
and a newly developed alloy with the composition (wt. %): Ti-23Nb—5Zr. The surfaces of all samples underwent sandblasting using
six different sand fractions, mechanical grinding, polishing by tumbling, tumbling polishing, and, in the case of the Ti-Nb—Zr alloy,
electrolytic plasma polishing. The effects of surface treatment methods and the chemical composition of medical-grade titanium alloys
on surface roughness, microhardness, wettability, and interaction with mesenchymal stem cells (MSCs) was investigated. Surface
microhardness was measured using the micro-Vickers method with a diamond indenter under varying loads, while surface roughness
was determined using a contact profilometer. It was found that electrolytic plasma polishing enhanced both the microhardness and
roughness of the alloy compared to tumbling polishing. Wettability was characterized by the contact angle of deionized water, measured
using a specialized setup, with the droplet shape described by a 5-point ellipse model. All treated surfaces exhibited wettability;
the contact angle increased as surface roughness decreased. However, sandblasting with mixtures containing a wide particle size distri-
bution increased the contact angle due to the more complex surface relief. To evaluate the biological properties of implants made from
VT6, VT1-0, and Ti-23Nb-5Zr alloys after the described surface treatments, their effects on cell viability and the adhesive characte-
ristics of the materials were studied using a direct contact method with two types of mesenchymal stem cells. The newly developed
alloy, which potentially offers superior biomechanical compatibility compared to commercial materials, demonstrated no compromise
in surface characteristics or adverse effects on cell viability.
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AHHoTayums. B pabote uccieqoBaIMCh CIUIAaBbl HA OCHOBE THTaHA MEIUIIMHCKOTO Ha3Ha4YeHUs: komMmepueckue mapku BT1-0, BT6

U paspabarbiBacMblii cruiaB, Mac. %: Ti—23Nb—5Zr. [ToBepxHOCTH BceX 00pa3lioB MOABEPraIuch CTPYHHOH 00paboTKe ¢ MpUMEHe-
HHUEM 6 BUIOB Pa3iIMYHBIX (paKIMii Hecka, MeXaHU4eCKOi NITN(OBKE U MOJTUPOBKE METOLOM I'AJITOBKH, a TAKXKE, JJOMOJIHUTEIbHO,
3IIEKTPOIUTHO-TIA3MEHHON ITOIMPOBKE (IS ciutaBa cucTeMbl Ti-Nb—Zr). VcenenoBanocs BIUSHIE MeTO/[a TOBEPXHOCTHOH 00pa-
OOTKM THTAHOBBIX CIUIABOB MEAMIIMHCKOTO HA3HAYCHHUS ¥ X XMMHUECKOTO COCTaBa Ha IEPOXOBATOCTh, MUKPOTBEPOCTh, CMadHBae-
MOCTb IIOBEPXHOCTH U €€ B3aUMOJICHCTBHE C ME3CHXUMAJIbHBIMU CTBOJIOBBIMHU KJIETKaMHU. MHUKPOTBEPAOCTh IIOBEPXHOCTH OIIpe/ie-
JISIIACh MO CXeMe «MUKPO-BHKKepe» ¢ MprMEeHeHneM aaMa3HOTO HHASHTOPA MIPU Pa3IudIHON Harpyske. M3MepeHus mepoxoBaTtocTu
MOBEPXHOCTH IPOBOIMIIHCH C TOMOIIBIO0 KOHTAKTHOTO poduiomerpa. OTMEUIEHO, YTO HIEKTPOIUTHO-IIa3MEHHAS TOJIMPOBKA ITOBBI-
I1aeT MUKPOTBEPAOCTh M IEPOXOBATOCTh MOBEPXHOCTH CILIABA II0 CPABHEHHIO ¢ TanToBKOH. KpaeBoil yron cMaunBanust 00pasoB
JICMOHU3UPOBAHHOM BOIOW M3MEPSUICS MPH MOMOIIM CIELHAIbHOI ycTaHOBKH. [Ipu 3TOM (opma Karuid OnHMChIBajIach MOJEIBIO
SJUTUIICA 0 5 TOYKaM. YCTaHOBIIEHO, YTO BCE CO3AaHHBIE TOBEPXHOCTH CMAYMBAEMBI, YTOJI CMAYUBAHUS BO3PACTAET C MOHIKEHHEM
IIEPOXOBATOCTH MOBEPXHOCTH, OJJHAKO CTPyHHast 00pabOTKa CMECSIMH ¢ MIMPOKUM Pa3dpOCOM YacTHIL IO pa3Mepy HPUBOJHT K €T
MOBBIIICHUIO 33 CUET YCJIOKHEHUS perbeda MOBepXHOCTH. [J1s n3ydeHHs: OHOIOrHYecKnX CBOMCTB MMILIAHTATOB U3 ciuiaBoB BTO,
BT1-0 u Ti-23Nb—5Zr nociie yka3aHHbBIX BHOB HOBEPXHOCTHON 00pabOTKH, a TAKKe UX BIMSHHS HA BBDKUBAEMOCTh KIICTOK U ajire-
3UBHBIE XapaKTEPUCTUKH MaTEpPHATIOB MCIOIb30BAJICS METOA MPSMOTo KOHTaKTa C ABYMs THIIAMU ME3EHXHMAJbHBIX CTBOJOBBIX
KJIeToK. Pa3pabaTpIBaeMbli CIIJIaB, HOTEHINAIBHO 00IAIAIONIH JTydIel OOMEXaHIMYECKOI COBMECTUMOCTBIO, YeM KOMMEPUECKHE,
HE BBI3BAJI YXY/LICHHS ITOBEPXHOCTHBIX XapaKTEPUCTUK M OTPHLATEIILHO HE TOBIIHSI Ha )KU3HEACSTEIEHOCTD KIICTOK.
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metallic alloys (titanium, cobalt, stainless steels),
polymers, and ceramics. However, they exhibit certain
drawbacks, such as low strength and/or high elastic

Introduction

Biomaterials, designed for contact with the living

organism’s environment, are commonly used for man-
ufacturing implants. These materials ensure compa-
tibility with medical devices through a combination
of properties such as superelasticity, low Young’s
modulus, high corrosion resistance, and either bioiner-
tness or adhesiveness [1-3]. Typically, these include
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modulus, which ultimately lead to the degradation
of both the implants and surrounding tissues [4-8].
Besides organizational factors (e.g., small-scale pro-
duction), the manufacturing of titanium-based pro-
ducts is constrained by technological challenges. One
such issue is the mechanical strength and fatigue pro-
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perties of titanium alloy blanks, which, however, can
be addressed by developing methods for surface struc-
ture modification and optimizing alloy composition.

Shape memory alloys, particularly those in the Ti—Ni
system, exhibit low Young’s modulus and superelastic
behavior, akin to that of living tissues [9—11]. However,
the toxic properties of nickel and the potential for cor-
rosion-related damage (material degradation in operat-
ing environments) limit their application [12—-14].

At the same time, modern research indicates
that shape memory and superelastic effects can also
be observed in alloys composed exclusively of non-
toxic metals [15-23]. For instance, tantalum [24] and
niobium [17; 25-27], which exhibit high corrosion
resistance and biocompatibility, can be employed as
B-stabilizers in titanium alloys, thereby contributing
to a reduction in the elastic modulus. In particular,
research [23] has demonstrated that the Ti—Nb-Ta
alloy has a lower elastic modulus and higher corro-
sion resistance compared to the Ti—-6Al-4V alloy.
Zirconium is typically used as a neutral strengthening
element [28-31]; however, as reported by the authors
of [20], it may also exhibit B-stabilizing effects in
B-titanium alloys. Furthermore, titanium and nio-
bium have similar atomic radii (0.145-0.146 nm),
whereas zirconium has a slightly larger atomic radius
(0.160 nm). Thus, alloying titanium with zirconium
is expected to increase the interatomic distance in
the alloy, reduce the bonding force between atoms, and
consequently lower the Young’s modulus. Conversely,
alloying titanium with niobium is expected to at least
maintain the lattice parameter of the B-phase.

Therefore, Ti—-Nb—Zr alloys can be considered
excellent candidates for biomedical applications
involving implantation.

Mesenchymal stem cells (MSCs) are an optimal test
system for analyzing the biological activity of materi-
als intended for implant fabrication, as they possess
a high potential for differentiation into cellular ele-
ments of various mesenchymal-derived tissues [32].

The interaction of any material with cells is largely
influenced by the quality of its surface. Therefore,
the aim of this study was to investigate the interaction
of the Ti-Nb—Zr alloy, following various surface treat-
ments, with mesenchymal stem cells in comparison
with materials already used in medical applications.

Materials and methods
Samples for the study were fabricated from the fol-
lowing titanium-based biomedical materials:

— commercially available material VT1-0 (pure tita-
nium), as per GOST 19807-91;

— commercially available alloy VT6 (titanium alloy
with aluminum and vanadium), as per GOST 19807-91;

—a newly developed titanium-based alloy with
the composition (at. %): Ti—23Nb—5Zr.

The starting materials used included iodide tita-
nium, niobium grade Nb-1, and iodide zirconium.
Alloy ingots were melted in an argon-arc melting
furnace with a non-consumable tungsten electrode.
To produce sheets, the ingots underwent homogenizing
annealing in a vacuum, followed by warm rolling with
intermediate annealing and subsequent quenching.

The Young’s modulus of the Ti-23Nb-5Zr alloy
sheet samples was determined using a universal testing
machine, INSTRON 3382 (USA), at room temperature.

The interaction of any material with cells depends
significantly on the quality of its surface; hence, several
surface treatment options were selected for evaluation.
Samples of the VT1-0, VT6, and Ti—23Nb—-5Zr alloys,
with a diameter of 20 mm and thickness of 4 mm, were
cut from sheets using a DK 7745 MEI11 electrical dis-
charge machine by Meatec (China). Before sandblas-
ting, the samples were pre-ground using abrasive papers
with grit sizes ranging from 240 to 600 and treated
by tumbling in a KT-100 electromagnetic tumbling
machine (CARLO de GIORGI, Italy) with a metallic
needle abrasive. Additionally, some samples were sub-
jected to electrolytic plasma polishing (EPP) in a 5 %
aqueous solution of a 20 % NH,F + 80 % KF mixture
at a voltage of 300 V and a temperature of 85-88 °C
for 10 min. The sandblasting of sample surfaces was
conducted in a 90 L chamber under 12 atm of high-
purity argon pressure using copper slag (particle
sizes <0.63 mm) and sand fractions of 0.63—1.0 mm,
1.0-1.5 mm, and 0.63—1.5 mm, as well as their 1:1
mixture (0.63—1.5 mm). For the treated surfaces, char-
acteristics such as roughness and wettability were
determined.

Surface roughness was evaluated according to
GOST 25142-82 using a Proton profilometer model
130 (Russia). Prior to measurement, all samples were
cleaned in an ultrasonic bath with a specialized soap
solution, bidistilled water, and alcohol, then carefully
dried.

Surface microhardness (HV) was determined using
the micro-Vickers method as per GOST 9450-76 with
a 401/402-MVD device (Wolpert Group, Germany)
equipped with an optical microscope. A diamond
indenter with a tip size of 10 pm and test loads of 25,
100, 300, and 500 g were used.

The wettability of the samples was characterized
by the contact angle of deionized water, measured
using a Lonroy SDC-350 setup (Dongguan Lonroy
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Equipment Co., LTD, China) at a tilt angle of 0°.
A droplet with a volume of 6 uL was deposited on
the sample, and an image of the droplet was taken 60 s
later. When measuring the contact angle, the droplet
shape was analyzed after a delay following its contact
with the substrate. This delay helps eliminate dynamic
effects that could distort the shape of the elastic droplet
immediately upon impact with the sample. Typically,
the waiting time before droplet shape analysis is
30-60 s after the start of the measurement [33-35].
When calculating the contact angle, the droplet shape
was described using a 5-point ellipse model.

To evaluate the biological properties of implants
made from VT6, VT1-0, and Ti—-23Nb—5Zr alloys fol-
lowing the described surface treatments, as well as
the effect of the samples on cell viability and the adhe-
sive characteristics of the materials, a direct contact
method was employed using two types of mesenchy-
mal stem cells (MSCs): dental pulp stem cells (DPSCs)
from human dental pulp (clone Th44), and immorta-
lized fibroblast-like cells (embryonic connective tissue
cells involved in regeneration and synthesis of proteins
critical for dermal rejuvenation [36], skin MSCs [37]).

For cell viability assessment, the samples were steri-
lized with 70 % ethanol and placed in wells of a 24-well
plate. DPSC cells at the 5" passage were seeded into
the plate wells at a density of 30,000 cells/cm? in
DMEM/F12 medium containing 10 % FBS and sup-
plemented with 100 U/mL penicillin/streptomycin.
The cells were cultured for 24 h at 37 °C in a humidi-
fied atmosphere with 5 % CO,. Following the culture
period, the morphology of the cells in direct contact
with the samples was assessed on the surface of the cul-
ture plastic.

As a negative control, DMEM/F12 medium without
cells was added to the wells. At the end of the cultiva-
tion period, the morphology of the cells on the surfaces
of the tested materials was evaluated, and cell viability
was assessed using fluorescent staining with SYTO 9,
propidium iodide (PI), and Hoechst 33342 reagents. The
fluorescent dye SYTO 9, at an excitation wavelength
(A,.) 0of 450+490 nm and an emission wavelength (A_ )
of 515+565 nm, stains the DNA and RNA of both live
and dead cells green. The intercalating reagent propidium
iodide (PI), with A_ =546 nm and A = 575+640 nm,
stains the nuclei of dead cells red. The fluorescent dye
Hoechst 33342, with A_ =343 nm and A_ =483 nm,
stains the DNA of both live and dead cells blue.

The effect of the tested materials on fibroblast cells
was evaluated by culturing the cells directly in the pres-
ence of the samples. After 24 h, the cell layer was eval-
uated using an inverted microscope based on the fol-
lowing parameters: surface coverage area, cell shape,
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the number of cellular aggregates, and the number
of floating cells. Cell counting was performed using
a Goryaev chamber, and the number of viable and dead
cells was determined using trypan blue staining (0.1 %
solution) [38]. The influence of the Ti-based samples
on the culture morphology of the cells was determined
based on the following metrics:

— viability coefficient: the ratio of live cells to the
total number of cells, %;

— proliferation index: the ratio of the number
of grown cells to the number of seeded cells [39];

—cell death percentage: the ratio of the number
of dead cells remaining after exposure to the com-
pound to the total number of cells after exposure, %.

Statistical analysis of the obtained data was con-
ducted using the methods of variation statistics with
Student’s #-test to assess significance.

The isolation of dental pulp stem cells (DPSCs) was
performed as follows: after opening the crown, the pulp
was extracted, washed with Hank’s solution, minced,
and incubated in a 0.1 % type I collagenase solution
for 30 min at 37 °C. The resulting cell suspension was
centrifuged at 1000 rpm for 5 min. The pellet was resus-
pended in growth medium (DMEM/F12) supplemented
with 10 % fetal calf serum (FCS), 100 U/mL penicil-
lin, 100 U/mL streptomycin, and 2 mM glutamine, and
then transferred into culture flasks. After 3 days, non-
adherent cells were removed, and the fraction of adher-
ent cells was cultured until 80-90 % confluence was
reached. The cells were then suspended using a mixture
of 0.25 % trypsin solution and Versene solution (1:1)
and reseeded at a 1:3 ratio. Passaging of cells in-vitro
was performed using standard methods in culture flasks
within a CO, incubator (37 °C, 5 % CO,, 80 % humi-
dity) with the growth medium changed every 3 days.

Results and discussion

The Young’s modulus of the Ti-23Nb-5Zr alloy
surface in its initial state was E = 56+5 GPa, which is
significantly lower than that of the commercially avai-
lable alloys VT1-0 and VT6 (E > 90 GPa) [40; 41] and
is closer to the values of bone [42].

Six types of samples were prepared for each alloy,
differing in the method of sandblasting and the pre-
sence of electrolytic plasma polishing (EPP). The
results of roughness (R ) and microhardness (HV)
measurements for the samples are presented in Tables 1
and 2, while microphotographs of the polished samples
(tumbling and EPP) are shown in Fig. 1. High surface
heterogeneity after sandblasting prevented reliable
results due to indenter slippage. The R, values for
the samples after tumbling were lower than those after
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EPP. This can be explained by the fact that, in the first
case, a kind of “smoothing” of the surface relief occurs,
while in the latter, preferential etching of certain struc-
tural components and segregation zones may take
place. No correlation was observed between the rough-
ness and microhardness of the samples.

At the same time, electrolytic plasma polishing
contributes to an increase in the hardness of the sur-
face layer (see Tables 1 and 2). This is presumably due
to structural changes in the surface layer of the metal-
lic materials, which influence their mechanical proper-

ties [43]. Notably, as the load decreases, microhardness
increases, since the contribution of the surface itself
becomes more significant compared to the bulk mate-
rial (Table 2). No correlation was observed between
surface roughness and microhardness of the samples.

The effect of treatment on surface roughness is con-
sistent with the results of contact angle measurements
(see Table 1, Fig. 2). A typical trend observed for solid
materials wetted by liquid is that the contact angle
increases (wettability decreases) as surface roughness
decreases [44]. Minimum wettability was observed

Table 1. Results of roughness and Vickers microhardness at 500 g load, and wettability
depending on material surface treatment

Tabnunya 1. Pe3yabTaThl HCCTeTI0BAHNUS IIEPOXOBATOCTH, MUKPOTBepaocTH mo Bukkepcy
npu Harpy3ke S00 r 1 cMaYMBaEeMOCTH B 3aBHCUMOCTH OT 00pa00TKH MaTepHaJIoB

Material Sa}zﬁf le Surface treatment R, pm Microl};r/dness, ar?golzf?;g
1 Copper slag 1.90 £0.10 - 46+2
2 Sand (1.0-1.5 mm) 5.40+0.20 - 31+2
VT1.0 3 Sand (<1.0 mm) 3.10+£0.20 - 43 +2
4 Original sand 5.10+0.20 - 49+2
5 Copper slag + original sand | 4.30+0.20 - 53+2
6 Tumbling 0.46 +0.04 245+ 28 72+2
1 Copper slag 2.50+0.20 - 41+2
2 Sand (1.0-1.5 mm) 5.70 £0.20 - 35+2
3 Sand (<1.0 mm) 3.30+£0.20 - 43+2
vTe 4 Original sand 5.10+£0.20 - 48 £2
5 Copper slag + original sand | 4.20 £ 0.20 - 54+2
6 Tumbling 0.27+£0.02 219419 73+2
1 Copper slag 2.60 £ 0.20 - 43+£2
2 Sand (1.0-1.5 mm) 5.50+£0.20 - 32+2
3 Sand (<1.0 mm) 3.70 £0.30 - 44 +2
Ti-23Nb—-5Zr 4 Original sand 5.10+0.20 - 49+2
5 Copper slag + original sand | 4.10+0.30 - 55+2
6 Tumbling 0.17+0.01 269 + 15 74 +£2
7 Electrolytic plasma polishing | 0.75 £ 0.06 297 + 17 57+2

Table 2. Results of studies of microhardness of polished samples depending on the load

Tabauya 2. Pe3yabTaThl HCC1€10BAHNS MUKPOTBEPI0CTH OJHPOBAHHBIX 00pa31i0B B 3aBHCUMOCTH OT HATPY3KH

S?ﬁfle il Tt Microhardness, HV, at load
25¢ 100 g 300 g
6 Ti—23Nb-5Zr Tumbling 306 £ 61 271 +45 276 £ 21
7 Ti-23Nb-5Zr EPP 363 £42 313+£35 301 £13
6 VT1-0 Tumbling 313 +64 269 + 32 238 £ 31
6 VTé6 Tumbling 358 £ 158 282 + 74 232 +26

69



DM v on

W3BECTUA BY30B

W3BECTUA BY30B. [TOPOLIKOBAA METAINIYPTUA U GYHKLLIMOHANBHBIE MOKPbITUA. 2024;18(6):65-76
Cydapyukosa M.A., HacakuHa E.O. u dp. BamsaHue coctasa U LLepOXOBaTOCTU NOBEPXHOCTU TUTAHOBBIX CMJ/IABOB ...

Fig. 1. Microphotographs of samples with smooth surfaces
a — Ti-23Nb-5Zr after tumbling, b — Ti-23Nb-5Zr after EPP, ¢ — VT1-0, d — VT6

Puc. 1. Mukpodororpaduu 06pasIoB ¢ K0! TOBEPXHOCTHIO
a — Ti-23Nb-5Zr nocie rantoBku, b — Ti-23Nb—5Zr nocne DIII1, ¢ — BT1-0, d — BT6

after tumbling. However, a deviation from the direct
relationship occurred for all materials treated with
a mixture of copper slag and original (non-fraction-
ated) sand. This is likely due to the wide range of par-
ticle sizes impacting the surface, resulting in many
small cavities among the larger ones, which locally
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Fig. 2. Dependence of wettability
on surface treatment (see Table 1)
1 — cooper slag, 2 —sand (1.0-1.5 mm), 3 — sand (<1.0 mm),
4 — original sand (0.63—1.5 mm), 5 — cooper slag + original sand,
6 — tumbling, 7 — EPP

Puc. 2. 3aBUCHMOCTh CMaYUBaeMOCTH OT 00pabOTKU
MOBEPXHOCTH (cM. Tabm. 1)

1 — xynepuuiak, 2 — necok (1,0-1,5 mm),
3 —necok (<1,0 mm), 4 — iecok ucxoansiii (0,63—1,5 mm),
5 — kynepuuiak + ecok MCXOJHbIH, 6 — ranroska, 7 — OIIIT
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increased the contact angle. For a similar reason, albeit
to a lesser extent, the contact angle for samples treated
with original sand also deviates from the trend, as
the range of particle sizes is narrower. All three alloys
demonstrated similar surface characteristics after each
type of treatment.

The images in Fig. 3 show the appearance of DPSC
cells at the contact area with the tested materials after
24 h of cultivation. It is evident that none of the mate-
rials inhibit cell growth, demonstrating their biocom-
patibility!. No differences were observed depending on
the alloy composition or treatment type.

Characteristic microphotographs from the first day
of cultivation for samples treated with copper slag
and sand (1.0-1.5 mm) are shown in Fig.4 and 5,
respectively. The surfaces displayed a large number
of “spread-out” cells, evenly distributed with only
a few non-viable ones. This demonstrates that all
sample types were adhesive to cells.

Table 3 presents the culture-morphological proper-
ties of fibroblast cells in contact with the alloys after
sandblasting treatments. All materials showed low
cytotoxicity, highlighting their suitability for medi-
cal applications. No correlation was found between
the cytotoxic properties of the alloys and their compo-
sition or surface treatment methods.

'The study of extracts from these materials is deemed impracti-
cal.
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Fig. 3. Appearance of DPSC cells at the contact area with tested materials 24 h after seeding

a—c: Ti-23Nb—5Zr after EPP (a), treatment with original sand (non-fractionated) (b), and sand with a grain size of 1.0-1.5 mm (c¢);
d and f: VT1-0 after tumbling (d) and treatment with sand (<1.0 mm) (f);
e — VTo after treatment with sand (1.0-1.5 mm)
Puc. 3. Buenrnnii Buj kiaetok DPSC B MecTe KOHTaKTa ¢ MCCIIeyeMbIMH MaTepraiaMu depes 24 4 mocie mocesa

a—c: Ti-23Nb-5Zr nocse DIIII (a), 06pabOTKH MECKOM — HCXOAHBIM (HE pa3iesieHHbIM Ha Gpakiuun) (b) u 3epaucroctsio 1,0-1,5 MM (¢);
d u f: BT1-0 nocne ranrosku (d) 1 06paboTKu meckoM 3epHICTOCTHIO 10 1,0 MM (f);
e — BT6 nocne obpadorku neckom (1,0—1,5 mm)

Table 3. Cytotoxic properties of alloys depending on surface treatment

Tabnmya 3. LluToTOKCHYECKHE CBOICTBA CIVIABOB B 3aBHCHMOCTH OT 00pPa00TKH MOBEPXHOCTH

Material S?}gﬂe Surface treatment P:(?gii‘t;?:;t;)e Viability, % CytotO);iCc':)y index
1 Copper slag 80 83 0,90 £ 0,04
2 Sand (1.0-1.5 mm) 82 84 0,90 + 0,02
VT1.0 3 Sand (<1.0 mm) 82 82 0,90 £ 0,04
4 Original sand 49 74 0,80 + 0,03
5 Copper slag + original sand 82 85 0,90 £ 0,03
6 Tumbling 83 86 0,90 + 0,02
1 Copper slag 60 80 0,90 + 0,04
2 Sand (1.0-1.5 mm) 65 74 0,80 + 0,03
o 3 Sand (<1.0 mm) 51 62 0,70 £ 0,01
4 Original sand 81 85 0,90 + 0,02
5 Copper slag + original sand 79 80 0,90 £ 0,03
6 Tumbling 68 72 0,60 + 0,02
1 Copper slag 79 80 0,90 + 0,02
2 Sand (1.0-1.5 mm) 49 56 0,50 +0,01
. 3 Sand (<1.0 mm) 81 76 0,90 £ 0,04
Ti—23Nb-5Zr
4 Original sand 75 80 0,80 + 0,03
5 Copper slag + original sand 53 67 0,60 £ 0,01
6 Tumbling 80 76 0,80 + 0,03

/1
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Fig. 4. Appearance of DPSC cells incubated on the surface
of titanium alloy samples: TiNbZr (4-C),
VT1-0 (D-F), VT6 (G-I), and control (J-L), after sandblasting
with cooper slag 24 h post-seeding
a — Staining with SYTO 9, b — staining with Hoechst 33342,
¢ — staining with PI

Puc. 4. Baennnit Bun knerok DPSC npu nnky6armu Ha
MTOBEPXHOCTH 00pa3lOB THTAHOBEIX CILIaBoB: TiINbZr (4-C),
BT1-0 (D-F), BT6 (G-I) u xouTponsHoTO (J—L), moce
CTpyitHOI 00pabOTKH KyTNepluIakoM depes 24 9 mocire mocesa
a —okpacka SYTO 9, b — Hoechst 33342, ¢ — PI

Conclusion

The study examined the effects of six sandblasting
techniques and electrolytic plasma polishing (EPP)
on the surface properties and interaction with mesen-
chymal stem cells of two commercially available tita-
nium-based alloys — VT1-0 (pure titanium) and VT6
(a titanium-aluminum-vanadium alloy) — as well as
a newly developed Ti—-Nb—Zr alloy.

EPP was found to enhance microhardness but reduce
surface roughness compared to tumbling.

All treated surfaces exhibited wettability, with
the contact angle increasing as surface roughness
decreased. However, sandblasting with mixtures con-
taining a wide range of particle sizes increased the con-
tact angle, likely due to the creation of a more complex
surface texture. Tumbling produced the highest contact
angle among all alloys, resulting in the most “deve-
loped” surface relief.

All three materials exhibited low cytotoxicity, high
proliferative activity, and excellent cell viability. A sig-
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Fig. 5. Appearance of DPSC cells incubated on the surface of
titanium alloy samples: Ti-Nb—Zr (4-C), VT1-0 (D-F),
VT6 (G-I), and control (J-L), after sandblasting with coarse
sand (1.0-1.5 mm) 24 h post-seeding
a — Staining with SYTO 9, b — staining with Hoechst 33342,
¢ — staining with PI

Puc. 5. Buenrnnii Bug kinetok DPSC npu uHKyOamu Ha
MOBEPXHOCTH 00pa3IoB TUTaHOBBIX ciuiaBoB: TiNbZr (4-C),
BT1-0 (D—F), BT6 (G-I) u xouTponsHoro (J—L), nocie
CTpyiHOI 00paboTKH KpymHBIM nteckoMm (1,0—1,5 mm)
gepe3 24 4 mocie nocesa

a — oxpacka SYTO 9, b — Hoechst 33342, ¢ — PI

nificant number of viable cells were evenly distributed
on the sample surfaces. No definitive relationship was
observed between cytotoxicity parameters and either
the material composition or the surface treatment
method.

The newly developed alloy Ti-23Nb-5Zr, which
shows promise for improved biomechanical compa-
tibility compared to the commercial alloys, demonst-
rated stable surface properties and had no adverse
effects on cell viability.
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