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Abstract

Although calcium titanate has been proposed as a coating for biomedical 

applications, a characterization of tribological properties simulating hu-

man conditions has not been reported. In this work we studied friction and 

wear mechanism of calcium titanate coating growth onto AISI 304 steel 

that the wear mechanisms of the system is bone adhesion to the coating 

without detachment of the coating, both dry and in Hank’s solution, with 

pin on disk test.

doi: http://dx.doi.org/10.1016/j.riit.2015.03.011
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Introduction 

Hip prosthesis stems may be cemented or uncemented, 

-

sion with the surrounding tissue: by pressure, porous 

surface, screws or with coated surface. Joint prosthesis 

clinical success, as they increase the rate of osseointe-

gration regarding uncemented prosthesis (Faig and Gil, 

et al  
-

taches exposing the base metal (Porter et al., 2004), 

which can lead to the loosening of the prosthesis, pain 

in the patient, wear on the rest of the prosthesis or, in 

Although the calcium titanate has been studied ex-

-

ties (Moreira et al et al et al., 
), an interface layer containing calcium titanate on 

biomedical titanium alloys coated with hydroxyapatite 

has been found (Ergun et al Kokubo et al., 2003), 

and titanium alloys, such as sol-gel (Holliday and Sta-
Asami et al., 

2005), ion-beam assisted deposition (Ohtsu et al., 
, pulsed laser deposition (Ohtsu et al., 2007), hy-

et al., 2007), 

thick alkalized calcium oxidation (Ohtsu et al., 2007), 
and hydrothermal treatment (Park et al -

medical applications.

Despite the fact that most commercial prostheses 

are made of titanium or titanium alloys, because the 

-

et al

due to their high cost and their poor tribological pro-

perties, stainless steels is still used in hip prosthesis and 

(Lundin et al et al

Although type 304 is seldom used in biomedical im-

-

et al

standards for 

steels used in biomedical applications and it is cheaper 

stainless steel coated with calcium titanate for prosthe-

sis stem applications.

-

ments between the bone and the implant (Fu et al., 
 wear femoral stem occurs (Howell et al  

so it is important to know the tribological properties of 

the coating with respect to the bone, such as friction 

and wear in conditions which approach those of the hu-

-

cium titanate coated AISI 304 stainless steel by r.f. 

-

ties of hardness and elastic modulus by nanoindenta-

in dry conditions at room temperature and in Hank’s 

-

part.

Materials and methods 

3

3

-

polished with sandpaper passing numbers 200 to 2000, 

deposition of calcium titanate an approximately 200 nm 

Descriptores: 

 biomateriales

 recubrimiento de titanato de 

calcio

 tribología

 pin-disco

 solución de Hank

Resumen

Aunque el titanato de calcio ha sido propuesto como recubrimiento para aplicaciones 

biomédicas, no se han reportado caracterizaciones tribológicas en condiciones que 

simulan las condiciones del interior del cuerpo humano. En este trabajo se evalúan 

propiedades de fricción y mecanismos de desgaste de estos recubrimientos (de 750 

mecanismo de desgaste del sistema es adhesión de hueso al recubrimiento sin des-

fricción de 0.84 ± 0.13 y 0.65 ± 0.13, respectivamente. El desgaste del hueso fue más 
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titanium layer was deposited onto steel substrate by 

-

-

-

-

3 cathode 
2, the pressure in the chamber 

–2

cm under the substrate.

-

Å, 30 kV and 

-

py (EDX) in the scanning electron microscope (JEOL 

measured by Scanning Electron Microscope (JEOL 

-

-

ting thickness.

-

count that these coa-

tings are proposed 

for use in hip prosthe-

sis stems a pin-on-

animal bone ball as a 

counterpart was used 

to measure the wear 

resistance and the 

-

-

was prepared from a 

diaphysis, which was 

immersed in boiling 

-

-

-

-

dentation specimens were embedded in plastic (Lucite, 

-

-

per ending with 0.3 micron alumina suspension, using 

water as a lubricant. Each sample was indented 24 times 

-

-

ditions (three bare steel samples and three coated sam-

-

sely approximates to the composition of blood plasma 

(Zhanga et al -

surfaces was performed using a Scanning Electron Mi-

-

MgSO4.7H2O 2O 2HPO4 KH2PO4 3 Glucosa

0.4 0.2 0.35

Elemento

O 72,02
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Results and discussion 

-

-

chemical composition. As can be seen in b), the coating 

obtained is homogeneous without micro-pores or parti-

cles on the surface. Finally, a thickness of 750 nm is 

coating.

3 

-

bits polycrystalline structure with a (022) preferential 

orientation corresponding to Pbnm -

3

-

orthorhombic Pbnm

corresponding to a cubic Pm-3m calcium titanate, which 

-
hown and Masatomo, 2005), and it is known that me-

seen in bulk counterparts (Krzanowski, 2004). Finally, 

2 

process is assumed to atomically disassemble the com-

substrate, where they can be reassembled in multiple 

phases (Krzanowski, 2004), it means that a part of the 

change:

3 2
CaTiO TiO CaO

ings indicates that hea-
-

et al. 
(2007) 

Hardness

measured by nanoindentation. In all three cases the 

-

-

-

et al

Tribological properties 

In part a) of Figure 3 it can be seen the wear mecha-

nisms on bare steel and the spherical counterpart bone. 

-

-

because of fatigue forming wear debris acting as a third 

-

-

 

-

ded bone forming wear particles. Figure 4 shows the 

wear mechanisms of bare steel and coated steel in 

Hank’s solution. It can be seen that the only wear me-

chanisms both cases is bone adhesion, there is no abra-

coating, and there is salts precipitations.

Figure 5 parts a) and b) show bone pin acting as 
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dry conditions

Hank’s solution at 37 °C

Property
Longitudinal

Hardness [GPa]

Elastic Modulus [GPa]

in dry test. Part c) presents how bone layers 

are formed due to fatigue, this layers subse-

quently will be bonded to the steel samples. 

Parts d) and e) show bone pin acting as 

counterpart of bare steel and coated steel, 

shows the geometry of wear debris from 

function of sliding distance in pin-on-disk 

-

rities deformation and contaminant remo-

appear in small proportion in bare 

steel and are almost nonexistent in coated 

steel due to their low initial roughness and 

high cleanness. Stage 3 where the friction 

-

crease of wear particles trapped between 

the sliding surfaces is larger in bare steel 

-

bris due to its higher hardness, as can be 

of the bare steel samples does show a short 

2 

mm3, compared with the wear in the bone 

-
2 mm3 2 mm3.  

wear is the bone anisotropy: its hardness 

orientation could not be controlled in the 

-

according to the area that is in contact with 

the disk, in this case the hardness of the 

pin which acted as counter-part of the steel 

-

pared with the hardness of the other two 

between bone pin wear and dynamic fric-

 
2 mm3 2 mm3 2 

mm3
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-

3 

3 3 3 for bare 

3

mm3 3 3

of the bone spherical counterpart in both 

dry conditions and in Hank’s solution at 

in bone pin because of its greater hardness 

compared to bare steel. Analyzing each ma-

when test was performed in Hank’s solution 

-

chanical properties of the bone immerse in a 

which shows that bone loses hardness if it is 

leads to increased wear.

Conclusions

-

3 as cathode obtained 

by powder technology, a coating was ob-

tained consisting of Pbnm orthorrombic 

calcium titanate, Pm–3m cubic calcium tita-

nate, titanium oxide (anatase) and calcium 

oxide

-

bone adhesion to the steel and steel abra-

counter-part, wear bone also occurs and 

bone adhesion to the disc without abra-

both AISI 304 and calcium titanate coa-

the wear mechanisms that occur are pin 

-
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it is important to measure the adherence of the coa-

coating in hip stems.
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