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ABSTRACT
Over the past 20 years, the results of the assiduous concerns regarding the reduction of friction and wear in the joint between
the femoral head and the acetabular cup of the classical total hip prosthesis, metal on polyethylene (MoP) have been published,
by adopting a technical solution that gives rise to a lot of interest, namely micro-texturing of the femoral head surface. Microtexturing can provide in good conditions both the elastohydrodynamic (EHD) lubrication of the joint and the decrease in wear
due to the obstruction of the wear particles circulation between the femoral head and the acetabular cup, as a result of their
locking within the micro-texture applied on the femoral head surface. In this way, it prevents both the scratching of the
acetabular cup surface made of ultra-high molecular weight polyethylene (UHMWPE), and of the femoral head. This paper
discusses about the validity of the possibility of increasing the artificial hip joint durability, as a result of the wear resistance
increase of the femoral head by micro-texturing its surface. The paper focuses on the possibility of micro-texturing the Co-Cr
femoral head surface by means of a programmed multi-indentation technique.
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1. INTRODUCTION
For more than 100 years, the international scientific community has undertaken assiduous multidisciplinary
researches on reducing the friction and wear, and increasing the total hip prostheses durability, which has now reached
to exceed 20 years. Among the researchers who have approached this research domain of biotribology are the authors of
this paper, Lucian Capitanu et al., [1-3]. The laser texturing of the sliding surfaces subjected to the wear process is
known and used in many different areas of interest, such as the food industry, magnetic tape units, internal combustion
engine components of autovehicles, and more recently studies for its use and in the field of hip orthopaedic
endoprostheses were made. The authors listed just these domains to give a picture of the widespread of the surfaces
texturing and micro-texturing. In the following, some relevant works on surfaces texturing will be reviewed.
José Bico et al. [4] presented a quantitative research on the wetting of a solid texture with a projected roughness.
Both hydrophilic case and hydrophobic case are described, along with possible implications for wetting the porous
materials. They have shown that the simplest possible description of the wetting (or drying) of a textured surface
involves two adimensional parameters, namely, the roughness of the surface and a surface fraction that characterizes
the ratio between the two levels of such a surface. On such a surface, the apparent contact angle and Young's contact
angle could be calculated according to these parameters, fixed by the chemical nature of the solid and of the liquid.
Peter Blau [5] showed that textured surfaces generally present the most pronounced effects when are used in
conformable or almost conformable contacts. Combining textures with other surface modification and lubrication
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methods can provide for tribology extra benefits on the surface engineering. But texture does not always provide
benefits. Rather, the selected pattern and features layout must match the features of the proposed application, carrier
materials and lubricants. Therefore, the correct choice of shapes, dimensions, distances and textures orientation is
essential for the use of textures to enhance the performances of lubricated contacts. Some methods used to produce
textures can create residual artefacts that need to be eliminated.
P. M. Hernández-Castellano et al. [6] reported on the design and manufacturing of structured surfaces by
electroforming. The electroforming process has demonstrated a great potential for producing textured surfaces due to
its extraordinary details reproduction ability. Its main limitation is the need to have a pattern piece, which must have
the texture to be achieved in the final piece. When micrometric scale features are required on the surface,
manufacturing processes capable to generate such pattern pieces, which in addition have to be electricity conducting on
their active surfaces, are required.
D. Bhaduri et al. [7] reported an investigation of the functional response of the textured surfaces with various
patterns incorporating micro-dimples and grooves networks (diameter/ width 40 μm and 15 μm depth, for both
patterns) produced on tungsten carbide (WC) blocks by using the laser. In particular, the tribological performance of
textured WC blocks on stainless steel (SS316L) counter-pieces was evaluated in terms of dry friction and dry wear
compared to a non-textured sample. Friction tests were performed on a reciprocal sliding tester, while the
unidirectional method with ball on disk was used to evaluate the wear on surfaces in contact. The non-textured surface
showed a continuous increase of the friction coefficient from 0.15 to 0.5 from the beginning of the cycle to the end,
while the textured samples with lasers reached the steady state after 100 and 200 cycles, with values of the friction
coefficient between 0.35-0.45 and 0.3-0.4, respectively.
Also, J.G. Parreira et al. [8] have shown that the surface texturing can be applied to improve the tribological
performances of mechanical contacts, especially in the case of lubricated systems. The purpose of their research was to
improve an alternative surface texturing method based on electrochemical dissolution without the prior masking of the
piece, called non-masked electrochemical texturing (MECT). Electrochemical dissolution combines the high speed,
good reproducibility and high cost/ benefit ratio, which are important factors when pursuing the industrial application
of surface texturing. The effect of some important parameters, such as the space between electrodes, voltage applied
and texturing time, has been evaluated. Various texturing patterns containing points and points traces, were
successfully obtained using as electrolyte the NaCl solution. Tribological tests of textured surfaces under poor fluid
lubrication have shown the reduction of friction and wear, compared to a smooth surface.
Bart Raeymaekers et al. [9] reported that the friction coefficient between a magnetic tape and a magnetic tape guide
can be minimized by creating micro-dimples on the guiding surface by laser texturing of the surface. The dimples
enhance the formation of an air bearing and reduce the friction coefficient between the tape and the guide, due to the
distance increasing. A pattern for optimizing the geometry of surface texturing parameters is presented to maximize the
average pressure of the air bearing and to minimize the friction coefficient between the tape and the guide.
Ashwin Ramesh et al. [10] reported experimental and numerical investigations of friction characteristics of microtextured surfaces. The textures had dimensions of 28-257 μm on stainless steel surfaces, manufactured by micromoulding. The friction characteristics of these surfaces have been tested under diving conditions using a pin on disk
configuration. Numerical simulations solved the Navier-Stokes equations to predict the texture induced ascent. During
lubricated hydrodynamic sliding, the textured surfaces present a friction of up to 80% less than the smooth surfaces.
They studied the effect of operating conditions on the friction performances of surfaces, for different textures. Trends
obtained in experiments are well suited to the simulations and indicate the design rules for implementing this
technology.
Andre Shihomatsu et al. [11] analysed the laser texturing of hot stamping moulds and how different textures (with
semi-spherical concave dimples) of the surface influence the lubrication and wear mechanisms. For this purpose, they
realized experimental tests and numerical simulations to define and characterize the surface topography of the textured
region of the mould, before and after hot stamping tests, using a 3D surface profilometer and the scanning electron
microscopy. Results have shown that, laser texturing influences the lubrication at the mould interface and improves its
life time. The best texturing of the surface (of the six studied patterns) proved to be with dimples with the largest
diameter tested (300 μm), depth (150 μm) and spacing (531 μm), with surface topography and dimples morphology
practically holded after the hot stamping tests performed.
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D.J. Wentink et al. [12] presented a generic pattern for the development of surface texture, wear and roughness
transfer in skin lamination. The paper contains a fundamental pattern of the topology of a working roller surface.
Simplified wear and fingerprinting patterns based on the bearing area are also discussed to reproduce rollers wear and
roughness transfer during the rolling at temperature. The model can provide a topological quantification of the
roughness, of the peaks number and of the value for different rollers textures, as well as of the undulations for different
textures of the rollers' new surface and worn surface, as well as the resulted surface of the imprinted (stamped) tape.
Surfaces texturing is used intensively in the field of motors. Thus, Staffan Johansson et al. [13] showed that an
important parameter for reducing the fuel consumption of high-capacity diesel engines is the power cylinder unit
(PCU). PCU is the largest contributor to the loss by friction of the engine. Using a tribometer, a new texture model with
large characteristics types of the surface was experimentally analysed. The experimental result demonstrated a
significant reduction in power loss by friction for textured surfaces. Also, the textured surface does not present wear.
On the contrary, it has been shown that the textured surfaces exhibited fewer abrasive scratches on the plates
(compared to the honed surface of the reference plate) due to blockage of the wear particles in the textures. The
decrease in hydrodynamic friction in the case of textured surfaces is related to the relative increase in the thickness of
the oil film in textures.
In another paper, Staffan Johansson et al. [14] presented an experimental evaluation of the friction at the contact
between the cylinder liner and the piston rings, showing that apart from the friction losses, the pistons system is a large
lubricating oil consumer and that it is important to develop reliable testing methods to study new materials and
solutions. Thus, the Volvo Technology tribometer has been updated to better evaluate the friction difference between
combinations/ surfaces of materials. It makes it possible to evaluate a number of operational parameters in each
experiment. The components that were studied were a piston ring running against a liner of the cylinder. Friction, wear
and change of surface morphology have been studied in experiments. It is demonstrated that the interaction of the
dynamic viscosity, of the velocity and of the contact pressure can be studied by the tribometric test through a single
experiment. The results show the friction differences that could be explained as providing beneficial contact conditions
of the surface for forming the oil film.
Zhinan Zhang et al. [15] proposed a design approach for optimizing the piston ring profiles, taking into account
mixed lubrication, variation of the piston speed and of the gas pressure, as well as changing the viscosity of the
lubricant with temperature along the engine stroke. The piston ring profile was modelled using a reverse method, and
the optimization was performed using the sequential quadratic programming algorithm. Based on the proposed
approach, the authors investigated the effects of different profiles of a piston ring face, of pressure distribution, of oil
film loading capacity and of minimum oil film thickness, given the hydrodynamic and mixed lubrication regimes. The
results showed that, as the degree of the polynomial function increases, the loading capacity and the minimum
thickness of the oil film increased, followed afterwards by a decrease.
P.C. Mishra [16] presented a review of the tribology of the compression ring of the engine pistons. This paper presents
studies on the tribology of the pistons compression ring and the theoretical and experimental works developed to
analyse the friction contact with the sealing ring. Literature has shown that simulation and experimental work are
investigated more independently. The correlation of modelling input with the experimental result is presented in a
limited number of research papers.
Jagdishkumar B. Vasava and J. J. Goswami [17] have shown that on engines, the pistons system is the largest source
of friction loss, accounting for about 30% of total friction losses, so it is important to optimize. The loss caused by
friction and wear is immense. There is about 30% power of the car engine lost due to friction, 19% of the power loss
deriving from the cylinder – piston rings couple. This important engine couple is often damaged due to wear. The
lubricating film in an internal combustion engine is an important factor in determining the fuel economy and vehicle
performance. The authors performed a few tests of the real engine with cylindrical rings laser partially textured (LST),
showing a very low reduction in friction at low speeds below 2000 rpm. Above 2000 rpm, this small benefit of the
partial LST disappeared completely. It seems that the cylindrical shape is not a good candidate for partial laser
texturing.
Y. Kligerman, I. Etsion and A. Shinkarenko [18] developed an analytical model to study the potential use of partial
laser surface texturing (LST) for reducing the friction between the piston ring and the cylinder liner. The pressure
hydrodynamic distribution and the distance between the piston ring and the cylindrical bush, time dependent, are
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obtained from a simultaneous solution of Reynolds equation and the equation of ring movement in the radial direction.
Behaviour in time of the frictional force is calculated from the shear stresses in the viscous fluid film and the tolerance,
time-dependent. An intensive parametric investigation is performed to identify the main parameters of the problem and
the LST optimal parameters, such as the depth of the dimple, the density of texture area and the textured portion of the
nominal contact surface of the piston ring are evaluated.
Y. Kligerman and A. Shinkarenko [19] presented a model for studying the effects of inertial forces, film compression
action, and pressure-limiting conditions on the frictional force between the reciprocal components with laser textured
surface (LST). The focus of this paper is the friction analysis between the ring of LST piston and the cylinder liner. The
pressure distribution, the tolerance and the friction force between the surfaces of the piston ring and of the cylinder
liner are obtained from a simultaneous solution of the Reynolds equation and the motion equation. Two different
approaches to friction force analysis are presented: "Engine actual simulation" – based on a complete balance of
dynamic force that takes into account the inertial forces and the effects of the film compression due to the piston ring
mass and the radial movement respectively, while the pressure limiting conditions for the Reynolds equation represent
a real variation in time of the cylinder pressure over during the engine cycle. "Approximate Solution" is based on a
quasi-static equilibrium of the force that neglects inertia and the effects of film compression while applying constant
ambient pressure as a limit condition.
Also, Y. Kligerman and A. Shinkarenko [20] analysed the effect of conical edges on lubrication regimes in textured
surface elastomeric seals. Their work focuses on modelling the cross-section of the hydraulic seal to improve the
texturing effect of the surface in soft elastohydrodynamic lubrication. The model consists of a textured elastomeric
fitting having a combined cross section of the composite conical and flat sections, sliding in relation to a rigid smooth
counterpiece, in the presence of the viscous lubricant. The problems of hydrodynamic lubrication and elasticity are
solved simultaneously. A parametric analysis is performed to obtain the optimal parameters of the surface texturing and
an improved cross-section. It is also discussed the various possible lubrication regimes.
Cheng Liu et al. [21] published a numerical study on the lubrication performance of the system: engine cylinder bush
- compression ring with spherical dimples. Taking into account the roughness of the compression ring surface and of
the cylinder bush, a mixed lubrication model is presented to investigate the tribological behaviours of a system:
cylindrical liner - barrel-shaped compression ring, with spherical dimples on liner. The Jacoboson-Floberg-Olsson
(JFO) cavitation limit condition is applied to the mixed lubrication model to accurately determine the fracture and
reforming positions of the fluid film to ensure the mass conservative law. On this basis, the minimum thickness of the
oil film and the average friction forces in the liner cylinder – compression ring system are investigated, under
conditions similar to those of the engine, by changing the area density, radius and depth of the dimple.
Francisco J. Profito et al. [22] present a comparison between numerical modelling results and experiments to light
out the mechanisms through which the surface texture can reduce friction when applied to a liner of the car cylinder. In
this configuration, textured features relatively refer to the piston-liner joint and to take this into account, the authors'
approach focuses on the response of the transient friction to the individual pockets as they pass and then leave the
slipping contact. The numerical approach is based on the Reynolds' mediated equation with Patir & Cheng's flow
factors and the p - θ cavitation model with mass preservation of Elrod-Adams. The contact pressures arising from the
asperities interactions are solved simultaneously with the fluid flow solution using the Greenwood and Tripp method.
Experimental data are obtained using a pin-on-disk configuration in which laser textured pockets were applied to the
disk specimen. Under certain conditions, in mixed and limit lubrication regimes, both the model and the experimental
results show i) an increase in friction when the pocket comes into contact, followed by ii) a sudden drop, when the
pocket leaves the contact and then iii) a decrease back to pre-training value.
J.C. Walker et al. [23] investigated the use of electrochemical jet processing for texturing the surface of a hypereutectic Al-Si material for the cylinder bush. The samples were lapped to a 6 μm finishing, followed by immersion in 1
mol of NaOH to expose the primary silicon colonies above the aluminium surface. The texturing was performed using a
NC system containing a fine calibration nozzle (cathode), which scatters on the surface (anode) a 2.3 mol NaCl
solution, while applying a current density of 220 A/cm2. A series of hemispherical dimples at 1.5 mm distance, with an
average diameter of 420 μm and a depth of 40 μm, corresponding to a ε ratio of 0.095, were created. The lubricated
reciprocal slip was performed at a stroke length of 25 mm in a PAO bath (4 cSt) relative to an 52100-alloy cylinder,
with diameter of 6 mm and length of 16 mm. Sliding frequencies were increased between 1-15 Hz, at 1 Hz intervals,
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with increments of 50 N of the load, between 50-200 N. The Stribeck curves indicated a reduction of the friction
coefficient due to texturing, with up to 0.05 in the mixed lubrication regime, representing a decrease of 38.5%.
Jun Wang et al. [24] analysed the performances of bearings lubrication with different types of uniformly distributed
micro-spherical textures. They developed mathematical models to estimate the performances of axial bearings
lubrication with surface textures. After validation of the dynamic model, the effects of concave and convex spherical
textures on the bearings lubrication performance are studied. On this basis, a new concave – convex composite texture
is presented to improve the loading capacity and the friction coefficient, at the same time. The authors analysed the
effects of the composite texture characteristics on the lubrication performances.
Ping Lu et al. [25] also showed that surface texturing proved to be an efficient approach of the surface modification
to improve the tribological performance. However, although beneficial effects of textures use have been reported to
reduce the friction, further investigation of behaviour under mixed and limit lubrication regimes is needed. The purpose
of their study was to experimentally study the influence of the square dimples size in these lubrication regimes. The
friction results were characterized by the shape of the Stribeck curve to illustrate the performance of the lubricated
contact. They examined the friction reduction effect generated by the square dimples of different sizes and geometries.
The dimples were fabricated on the surface of some steel plates using two laser-assisted surface texturing techniques,
and linear-contact reciprocal slipping tests were performed on a Plint TE77 tribometer, using a smooth roller made of
5210 bearing steel and textured plates made of ASP2023 steel.
Anil Shinde et al. [26] published a numerical analysis of the deterministic micro-textures on the performance of the
hydrodynamic sliding bearing without considering the cavitation effect in order to study the effect of various
microstructures with triangular, circular and rectangular grooves and ribs on the surfaces of the hydrodynamic sliding
bearings, using a COMSOL Multiphysics software. Initially, the static analysis of performance is performed for the
smooth surface hydrodynamic sliding bearings system using the thin film analysis method and its results are validated
using the analytical results. In the last part of the paper, numerical analysis is performed for different micro-textured
bearing surfaces. The simulation results in these studies show that the maximum fluid pressure value and the power
loss by friction are significantly affected by the introduction of these deterministic micro-textures. The bearing with
rectangular ribs micro-textured on the surface resulted in the maximum increase in pressure and power loss by friction
compared to other deterministic micro-textures.
A.A.G. Bruzzone and H.L. Costa [27] published a functional characterization of the structured surfaces for
tribological applications. They proposed the functional parameters of the bearings surface to ensure the tribological
efficiency of the structured surfaces. It provides a methodology for selecting the appropriate functional parameters of
the surface. Appropriate use of surface analysis tools, such as 3D morphological filters, has allowed the experimental
evaluation of the relationships between tribological parameters and microgeometry of textured surfaces. This research
has highlighted the two modes in which the textured surfaces behave, that depend on the normal load. The results
emphasize the importance of texture orientation in relation to the slipping direction and volume of fluid contained in
pockets/ grooves.
Daniel Gropper et al. [28] presented a numerical model based on the Reynolds equation to study the axial bearings
with textured inclined lining, considering both the mass conservation cavitation and the thermal effects. They use a
non-uniform and adaptive method of the finite volume, compare and select two methods for their efficiency in handling
discontinuities, specifically introducing additional nodes around discontinuities and directly incorporating
discontinuities into the discrete system.
Nathi Ram [29] conducted a numerical analysis of the capillary compensated micropolar fluid lubricated hole-entry
journal bearings. Reynolds equation for micropolar lubricant was derived and solved by FEM. The results were
calculated using the selected micropolar lubricant parameters for hydrostatic/ hybrid sliding bearing with inlet hole. A
significant increase in damping and stiffness coefficients was observed for bearings having the micropolar parameter
2
= 0.9, = 10, compared to similar bearings for the Newtonian lubricant.
Also, Nathi Ram [30] reported on the influence of couple stress lubricants on hole-entry hybrid journal bearings.
Equation of Reynolds theorem has been modified for the couple stress lubricant’s flow in the journal and bearing’s
clearance space and Newton Raphson and finite element techniques are used for solving this Reynolds equation. For
different parameter values of couple stress lubricant and for external load, the outcomes are simulated.
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L. Mattei et al. [31] published a review of studies on lubrication and modelling of the artificial hip joints wear. A
precise description of the methods and results, the hypotheses of simplification of demand are reported and the input
data to facilitate their comparison are modelled. As a general conclusion, it can be emphasized that both in terms of
lubrication and wear, a distinction is made between models for the materials couples soft on hard, especially MoP and
implants hard on hard, such as MoM or CoC. Lubrication of the first ones is modelled through a ball-in-socket
configuration, and elastic deformations, as well as wear, are attributed to the plastic element. In the case of lubrication
of hard on hard implants, both a ball-in-socket configuration, and a ball-on-plan equivalent models are used that can
simplify the geometry. In this case, both the acetabular cup and the femoral head are considered deformable and
damaged by wear, even though the wear of the two components cannot be differentiated yet.
A. Godi et al. [32] presented a study of the artificial joints lifetime by investigating the optimal geometry of the
sliding surface to improve the wear resistance. In this paper, a series of experimental tests were performed using a new
testing device, called axial slipping tester, which simulates the contact of the surfaces under pure sliding conditions.
The purpose of the experiments was to evaluate the friction behaviour of a new typology of textured surfaces, the socalled multifunctional surfaces, characterized by a plateau area capable to support the loads and a deterministic model
of the lubrication pockets. To slide against a mirror polished counterpart, six surface typologies were chosen, namely
three multifunctional and three processed using classical processings. Several experiments were performed at different
normal pressures that use the same alternative reciprocal motion and the same lubrication. The measured friction forces
were plotted function of the incremental normal pressure, and the friction coefficients were calculated. The comparison
of results has clearly shown how the use of multifunctional surfaces can reduce the frictional forces by up to 50% at
high normal loads compared to regular, turned or polished surfaces.
Taposh Roy et al. [33] have shown that the surface's micro-dimples texturing technique is one of the most advanced
surface modification techniques available to optimize tribological performances. A surface with well-defined size
dimples fabricated on an Al2O3 substrate could improve its tribological properties, thus increasing the durability of an
implant. To demonstrate this, the authors fabricated a well-defined micro-dimples model on an Al2O3 surface using a
CNC micro-machine and characterized the parameters of the hollows manufactured.
Lucian Capitanu et al. [34] discussed the possibility of increasing the durability of the hip joint, as a result of
increasing the wear resistance of the femoral head by micro-texturing its surface. They have shown that in the last 20
years there have been published assiduous concerns about the decreasing friction and wear in the femoral head - the
acetabular cup joint of the classical total hip prosthesis, metal on polyethylene (MoP), by adopting a technical solution
that gives rise to much interest, and namely the micro-texturing of the femoral head surface. Texturing is likely to
provide, in good conditions, both the elastohydrodynamic (EHD) lubrication of the joint and the blockage of wear
particles circulation within the micro-texture applied to the surface of the femoral head, by laser pulses. The
hemispherical dimples, characteristic of texturing, work as traps for wear debris, but also as fluid reservoirs for joint
lubrication. In this way, the scratching of the acetabular cup surface made of the ultrahigh molecular weight
polyethylene (UHMWPE) and of the femoral head could be prevented.
Hiroshi Sawano et al. [35] studied the lifetime of the artificial joints, investigating the optimal geometry of the
sliding surface to improve the wear resistance. They investigated the UHMWPE wear mechanism and demonstrated
that the scratches scars caused by a sliding motion on the metal surface are the main cause of UHMWPE wear.
Moreover, they used a micro-corrugated surface as an effective sliding surface to reduce the UHMWPE wear. A twoaxis sliding test, with pin-on-plate, demonstrated that the lifetime of the artificial joints could be extended to about 35
years by using a micro-corrugated surface with deep grooves of 1 μm. By using the surface with micro-dimples, the
scratching scars on the sliding surface can be prevented as the particles on the sliding surface are trapped inside the
cavities.
Z. M. Jin [36] conducted a review of the theoretical studies on lubrication with fluid films in artificial hip joints. He
emphasized the importance of developing effective numerical tools to solve the realistic and complex lubrication
problems in artificial hip joints. Elastic deformation of bearing surfaces has shown to play a predominant role in
promoting elastohydrodynamic lubrication in various forms of artificial hip joints using different bearing surfaces. Both
the bearing geometry and the structural supports can have a significant effect on the predicted thickness of the lubricant
film. The importance of elastic deformation is further enhanced synergistically with transient load and velocity
variation to ensure a maximum efficiency of the transient elastohydrodynamic lubrication mechanism in artificial hip
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joints. The recent application of the rapid Fourier transformation method coupled with the finite element method to
calculate the elastic deformation, not only allows to consider for more complex structural supports of the acetabular
cup, but also the potential to analyse both the transient lubrication problems, as well as the mixt one, of the artificial
hip joints. It is clear from the review made in this article that an analysis of elastohydrodynamic lubrication is generally
required for all types of hip implants currently available. Using a ball-on-plane model is quite accurate for many types
of hip implants. However, the ball in socket model should be used when the deformation of bearing surfaces can be
influenced by the structural supports.
G. Lazzini et al. [37] designed, produced and characterized the surface morphologies of the AISI 316L stainless steel
produced by a personalized laser texturing strategy. Surface textures were characterized at a micrometric dimension in
terms of zone parameters according to ISO 25178, and correlations between these parameters and processing
parameters (e.g., the laser energy dose delivered to the material, the laser pulse repetition speed and the scanning
speed) were investigated. Preliminary efforts have been devoted to investigate the special requirements for the surface
morphology which, according to commonly accepted researches on the influence of surface roughness on the cellular
adherence to surfaces, should discourage the biofilms formation. The topographic characterization of the surfaces was
performed with a coherence scanning interferometer. This approach has shown that increasing the energy dose on
surfaces has increased the overall roughness level, as well as the complexity of the surface. Furthermore, the behaviour
of the Spk, Svk parameters also indicated that due to the ablation process, an increase in the energy dose determines an
increase in the mean height of the highest peaks and the depth of the deepest valleys.
Anthony Chyr et al. [38] presented a micro-texturing model to reduce the friction and increase the longevity of the
prosthetic hip joints. The current engineering paradigm to increase the longevity of hip prosthetic joints is to improve
the mechanical properties of the polyethylene component and the manufacturing of very smooth joints surfaces.
Instead, the authors have shown that adding a micro-textual model to the ultra-polished femoral head of CoCr reduces
the friction when articulating with the acetabular polyethylene bush. Micro-texture increases the loading capacity and
thickness of the lubricating film in the joint, which reduces the contact between the joint surfaces. As a result, friction
and wear are reduced. The authors used a lubrication model to design the geometry of the modelled micro-texture, and
to demonstrate experimentally the reduction of friction at the micro-textured prosthetic hip joints compared to
conventional hip joints. This work aims to improve the longevity of prosthetic hip joints by adding a micro-texture with
well-defined model on the smooth femoral head. The micro-textured femoral head is represented by a column of seven
hemispherical indentations on the surface of the femoral head, which moves towards the smooth acetabular bush. As
the curves of the femoral head and acetabular bush are almost identical, and much larger than the dimples dimensions,
the bearing can be approximated as a parallel cursor bearing. The minimum spacing between the bearing' surfaces is
sufficient to avoid the asperities contact and thus hydrodynamic lubrication is maintained, which involves abundant
lubrication. The results have demonstrated that with a micro-textured model reduces friction increasing the
hydrodynamic pressure and thickness of the lubricant film. This has been observed for all four micro-texture models
and all contact pressure values considered in this study.
A. Borjali et al. [39] analysed the longevity of the metal-to-polyethylene hip joint bearings, in which a CoCrMo
femoral head articulates with a polyethylene bush, which is often limited by the polyethylene wear and the osteolysis
caused by the polyethylene wear particles. Current approaches of reducing the polyethylene wear include improving the
mechanical properties of the polyethylene bush and/ or manufacturing ultra-smooth articulated surfaces. This
experimental work shows that, on the contrary, the addition of a micro-texture modelled with concave “undulations” on
a CoCrMo-polished surface significantly reduces the polyethylene wear by promoting the formation of an
elastohydrodynamic lubricant film that reduces the contact between the CoCrMo and polyethylene bearing surfaces.
The wear was quantified for different polyethylene materials currently used in the commercial prosthesis joint bearings
and for several geometries of the micro-texture.
Hiroshi Ito et al. [40] presented a paper in which reports that in order to reduce the polyethylene wear generated in
artificial hip joints, some concave dimples on the surface of the metallic femoral head, with the constant diameter of
0.5 mm, inclination of 1.2 mm and depth of 0.1 mm, were formed by electrical discharge etching. Using a hip joint
simulator, they determined the total amount of polyethylene wear as 7.2 mg in the concave textured state and 23.1 mg
in the untextured state. The reasons for reducing the polyethylene wear through the concave model may be i) reducing
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the abrasive wear by providing some outlet dimples for the wear particles and ii) an improvement of the lubrication on
the friction surface by supplying the lubricant that is stored in the dimples.

2. Materials AND METHODS
In this research the authors adopted the model of an approach proposed by Anthony Chyr et al. [38] which,
according to the authors, "is an approach opposed to the current engineering paradigm to improve the durability of the
prosthetic joint by improving the mechanical properties of polyethylene to increase the wear resistance and by
producing the smooth joints surfaces. It is also different from the previous researches, which tried to improve longevity,
using texture as lubricant tanks or wear particles traps". These statements are very correct.
To design the geometry of the micro-texture model, the authors will consider the same simple steady-state
lubrication model as in Antony Cyr et al. (2014) [38] shown in Figure 1(a).

(b)
(a)
Figure 1 Scheme of the lubrication model showing the top view (a) and the cross-sectional view (b). Adapted from
Antony Cyr et al., 2014 [38]
Unlike Antony Cyr et al., [38], the authors represented the micro-textured femoral head through a matrix with N =
100 hemispherical dimples, Figure 1(a), which moves towards the smooth acetabular bush – Figure 1(b). Because the
curves of the femoral head and acetabular bush are almost identical and much larger than the dimensions of the dimple,
the bearing can be approximated as in Figure 2(a).

(b)
(a)
Figure 2 Schematic representation of the bearing with textured shaft (a) and (b) the experimental tribological coupling,
cylinder-shoe, for measuring the friction
The authors also preserve the assumptions made in Antony Cyr et al. [38]:
(1) Each dimple has an identical spherical shape and is positioned in the center of a square cell unit of width 2r1 see Figure 1(b).
(2) Although it is well known that the real synovial fluid is thinned by shearing, the dependence on the shear
velocity is much lower in prosthetic joints than in the natural joints, Anil Shinde et al., [26]. Therefore, the synovial
fluid was modelled as Newtonian fluid, with viscosity equal to that of water at room temperature, what is a conservative
hypothesis. The viscosity of the synovial fluid (as well as the bovine serum) is usually higher, which would increase the
hydrodynamic pressure in the adopted model.
(3) Inertial forces are neglected because these are with at least two orders of magnitude smaller than the viscous
forces.
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(4) The minimum spacing between the bearing surfaces is sufficient to avoid the asperities contact and thus
hydrodynamic lubrication is maintained, which assumes abundant lubrication.
(5) It is assumed that there is no sliding at the solid boundaries. Thus, the relation between the spacing and the
pressure of the bearing is regulated by Reynolds' equation of the two-dimensional incompressible equilibrium state,
given in three-dimensional form as in Eq. (1):

  3 p    3 p 
h
  6U
h
  h
x  x  y  y 
x

(1)

where x and y are the Cartesian coordinates as shown in Figure 1, p(x,y) is the local pressure in the bearing, h(x,y) is
the local spacing of the bearing, μ is the dynamic viscosity of the lubricant and U is the relative sliding velocity between
micro-textured and smooth surfaces. Eq. (1) can be rewritten in the adimensional form as in Eq. (2):
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where X = x / rp, Y = y / rp, P (X,Y) = p (x,y) / p0, H (X,Y) = h(x,y) / c. rp is the radius of the dimple and c is the
minimum spacing of the bearing. Also, the adimensional flowing factor
distance

and the minimum adimensional

define the functioning conditions of the bearing.

The entry and the exit from the column of those N dimples are maintained at ambient pressure p0 (Figure 1(a)).
Limit conditions symmetric at side edges are used to mimic the presence of adjacent depths. Thus,
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are the limit conditions in relation to the origin of the coordinates system shown in Figure 1.
Reynolds cavitation is implemented to account for gaseous cavitation from the lubricant (O. Pincus and B. Sternlicht
[41]), and the cavitation pressure is assumed to be 90% of the ambient pressure. This is similar to what others have
used to describe gaseous cavitation in hip prosthetic joints polished traditional.
The micro-texture model is described only by the ratio of width to height (aspect ratio) of the texture,
texture density,

and

. In each cell of the dimple, the local adimensional spacing H(X,Y) between the smooth

surface and the micro-textured one with spherical dimples is given in relation to a local coordinates system whose
origin coincides with the center of the cell, thus
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To experimentally demonstrate that adding a micro-texture model with dimples on the very smooth CoCr surface
reduces the friction coefficient between the bearing surfaces, the authors did a friction test.
Figure 2(b) shows schematically the cylinder – shoe experimental tribological couple on which the friction tests have
been made. The cylinder made of CoCr alloy shapes the femoral head, and the shoe made of UHMWPE shapes the
acetabular cup. The CoCr cylinder has an oscillatory motion (in this case with the angle θ = 90°, depending on the
prescribed cinematic cycle), while the UHMWPE shoe is loaded with the normal load, F.
This simulates the flexion/ extension rotation and the axial loading of the prosthetic joint. The friction coefficient is
calculated from torque measurements Mt and the normal load F for both a micro-textured cylinder and for a smooth one
made of CoCr, articulating with the UHMWPE smooth sample. Support surfaces are immersed in bovine serum
(HyClone with 20 mg/ml protein concentration).
As a result of the oscillatory movement of the CoCr cylinder, the friction coefficient varies periodically with the
reversal of the rotation sense.
The friction coefficient varies periodically by reversing the rotations sense of the cylinder. As expected, the friction
coefficient is maximum at start and stop, and minimum in the middle of each cycle, when the sliding speed at the
surface of the cylinder is constant. The CoCr micro-textured sample can be compared to the smooth sample, only in two
ways.
First, the friction coefficient is significantly lower for the micro-textured sample compared to the smooth cylinder on
almost the entire kinematic cycle (for this particular example of micro-texture geometry and kinematic cycle).
However, the measured friction coefficient values (μ = 0.15 - 0.20) do not appear to indicate a fully fluid lubrication.
These indicate rather the reduced contact between the micro-textured surface of CoCr and UHMWPE compared to
smooth articulated surfaces, as a result of the increased loading bearing capacity generated by the micro-texture model.
Secondly, the friction coefficient for the micro-textured CoCr cylinder decreases much sooner immediately after the
change of the sliding direction compared to the smooth CoCr cylinder. This is indicated by the strong decrease of the
friction coefficient around the direction reversals. The increased loading capacity generated by the micro-textured
model increases the portion of the lubricated bearing faster than in the case of a smooth surface, reducing the contact
and friction.

3. MICRO-TEXTURING BY PROGRAMMED MULTI-INDENTATION
Micro-texturing of the Co-Cr femoral head surface, modelled by the dimples practiced on the sliding bearing shaft
outlined in Figure 2, was practically achieved using a programmed multi-indentation technique. It employs an
experimental impact mini-machine with a cylindrical impactor with cone tip, made of sintered tungsten carbide (WC),
having a hardness of 1150 HV30/15. Impact was achieved with a "hammer" with a maximum force of 40 N [42].
Figure 3 shows an image of the experimental multi-indentation machine of the bearing shaft shown schematically in
Figure 2(a). For the X axis, the guideway of an old printer with A3 format needles has been used that has been adapted
(Figure 2(a)). A solid industrial construction was employed, the X axis being highly mechanically stressed, the electromechanical hammer of the impactor being fixed to the support that moves the head with needles of the printer.

(a)
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Figure 3 (a) Central unit and the electronic control part: a - PC Pentium 133 MHz; b - electronic assembling of the
step-by-step motors' drivers; c - electronic command of the electromagnetic hammer; d - current source for
electromagnetic hammer; e - current source for step-by-step motors, (b) X-Y table
The entire impact force being transmitted in the X-axis guideway required a rigid fitting on the large table of the
framework. The hammer displacement was realized within the limit of the maximum table opening, the maximum
displacement being 310 mm, the length of the X-axis guideway being 450 mm.
Figure 4 shows the hammer that hits the impactor and the CoCr alloy sample after the texturing by programmed
impaction of the bearing shaft sketched in Figure 2.

(b)

(a)
Figure 4 Down position, when the hammer hits the impactor (a) and (b) the texture applied to the CoCr ax of the
bearing shown schematically in Figure 2
In addition to realizing the texturing, the state of the indenter’s tip was also followed to ensure reproducibility of the
texture. The very tough impactor made of WC with conical tip is shown in Figure 5.

(a)
(b)
Figure 5 The cylindrical impactor with conical tip, made of unused WC (a) and the tip of the impactor after 50000
impacts (b)
In Figure 5(b), the lighter colour portion represents the worn portion after 50000 impacts.
Figure 6 illustrates the in-time evolution of the shape of the impactor tip, depending on the number of impacts on the
CoCr alloy plate.
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Figure 6 In time evolution of the shape of the impactor tip.
The UHMWPE sample (GUR1020-ASTMF648) had the inner diameter of 50 mm and was processed at Ra = 500
nm. The CoCr and UHMWPE samples are manufactured and finished to the same specifications as commercial
prosthetic hip joints, MOP. The compliance ratio between the joint surfaces is 98.5%. The contact pressure (0.57 - 1.13
MPa) is calculated using the Hertz theory and falls within the range of in vivo values.
Calculation model of the wear volume of the indenter tip was based on the scheme in Figure 7.

Figure 7 Calculation method of the indenter tip wear.
Thus, the volume of the straight circular cone formed by the extension of the indenter tip cone generators (ABC
cone) was calculated. From this, the volume of the spherical calotte formed by the wear of the impactor tip was
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subtracted, estimated by a sphere tangent to the cone and to the indenter tip (ADC calotte). Using the notations in
Figure 7, the volume V1, represented by blue, was calculated.

(5)
For the next step, V2 is calculated after the indenter has executed a number of impacts initially set in the CoCr hard
alloy. Since the indenter tip has been worn, the sphere at the tip of the indenter is greater. Then, the V2 volume of the
wear-formed hemisphere at the cone tip is calculated, after the peak has made a certain number of impacts (initially set)
in a rough material:
(6)
The wear volume Vwear of the impactor tip is represented in Figure 7 by red. It should be taken into account that the
value of the indenter wear volume is obtained by reporting the volume of the worn tip cone at the volume of the cone of
the sharp tip V1.
Generalizing the formulas (5) and (6), it is obtained:

(7)
In the general formula n represents each wear stage, after which the photography was made at the metallographic
microscope of the measures di,measured (pixels), Hi,measured (pixels) and hi,measured (pixels) of the indentation tip, as well as
the values calculation

(8)

4. RESULTS AND DISCUSSION
A normal load of 320 N, the equivalent of the loading from the hip joint, was applied on the CoCr alloy shaft
textured with dimples. Considering the spacing, 2r1 (Figure 1) of 2 mm of the 100 dimples made, a total bearing's
surface of 40 mm2 results. Following the impacts, resulted traces in the form of semi-spherical dimples.
The depth hp (Figure 1) of the impact traces was 14 μm, the agglomeration of the material on the edge of the impact
crater 2 μm, the interior diameter, 2rp (Figure 1), at the impact “crater” surface was 11 μm, and the spacing 2r1 (Figure
1) was 2 mm.
By dividing the normal load applied to the bearing surface, a contact pressure of 8 N/mm 2 results. The adimensional
measures that characterize a texture are the texture density, Sp = πrp2 / (4rp2), see Figure 1, i.e. π (11/2)2/4·22 = 1.080
and the aspect ratio (the ratio between width and height, ε = hp / (2rp) = 14/11 = 1.273 (see Figure 1).
Regarding the tribological tests, the measured friction coefficient was significantly lower for the micro-textured
cylinder compared to the smooth cylinder, throughout the entire kinematic cycle. However, measured friction
coefficients values are quite large (μ = 0.18 - 024), which does not seem to indicate the complete fluid lubrication.
These indicate rather the low contact between CoCr and UHMWPE micro-textured surfaces compared to smooth
articulated surfaces, due to the increased load bearing capacity generated by the micro-texture model. Secondly, the
friction coefficient for the micro-textured CoCr cylinder decreases much faster as soon as the sliding direction is
changed, compared to the smooth CoCr cylinder.
Larger loading capacity generated by the micro-texture increases faster the load supported by the lubricant than in
the case of a smooth surface. This reduces the contact of the roughness and the friction between the articulated surfaces.
However, the authors do not consider it appropriate to take into account such a technological option for the total hip
prosthesis MoP, because it would definitely destroy the bearing surface of the acetabular cup made of UHMWPE.
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5. CONCLUSION
The authors have tried to establish whether the texturing of the surface of a sliding bearing, which shapes the
artificial hip joint, results in improved lubrication and, implicitly, reduction of friction in a total hip prosthesis. For
this, the authors adopted a simplified model of sliding bearing with oscillating motion, as in the total hip prostheses
with femoral head made of CoCr alloy and acetabular cup made of UHMWPE.
The authors analysed theoretically and experimentally the friction from the joint of the total hip prosthesis,
modelling it by friction from a classical friction coupling, shoe-cylinder, with oscillating motion, under immersion
conditions in a tank containing bovine serum (HyClone with 20 mg/ml protein). This should have ensured completely
fluid lubrication conditions. Based on the experimental results, it was found that the friction coefficient between microtextured CoCr samples and UHMWPE samples is lower than that for the smooth CoCr reference samples.
The results demonstrate that with a micro-textured model, it can reduce the friction by increasing the hydrodynamic
pressure and the thickness of the lubricant film.
Friction tests on the shoe-cylinder coupling revealed friction coefficients μ = 0.18 – 0.24, for the micro-textured
cylinder, values that cast doubt on the existence of completely fluid friction.
Texturing was done by a programmed multi-indentation method, on an experimental laboratory machine that
ensures a very high reproducibility.
Machine ensures texturing in any matrix, provided it to be set on the machine computer. The indentation load was
40 N. The adimensional measures characterizing a texture made in this paper were the texture density, Sp = 1.080 and
aspect ratio (ratio between width and height), ε = 1.273. Also, the machine allows the realization of some textures, at
which these characteristic adimensional measures vary in a widely range.
The limitations inherent to the simple model the authors have used undoubtedly affect the correlation with the
experimental results. Thus, elastic deformation of polyethylene is not taken into consideration, and probably a more
sophisticated model of elastohydrodynamic lubrication would probably be more correct.
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