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Abstract: Post-operative feedback from hip replacement surgeries indicates that im- 8 

planted ceramic artificial hip joints may produce abnormal noises during movement. This 9 

occurrence of joint noise is highly correlated with insufficient lubrication of ceramic-on- 10 

ceramic (COC) prostheses. Studies have shown that surface texture design can improve 11 

lubrication performance. In this study, the elastohydrodynamic lubrication model was es- 12 

tablished with designing textures on the surface of the COC hip joint, using Matlab and 13 

Fortran programming. Iterative calculations were performed to determine the average 14 

bearing capacity of the oil film and the friction coefficient. The study explored the impact 15 

of texture parameters, including the aspect ratio and density, on the lubrication and fric- 16 

tion performance of hip joints. The results indicates that the textured surface generally has 17 

a higher fluid film-bearing capacity by 161.5%~637.7% and a lower friction coefficient by 18 

10.7%~60% than the smooth surface. The average bearing capacity of fluid film increases 19 

with an increasing texture aspect ratio, while the trend of the friction coefficient is identi- 20 

cal to the average bearing capacity results. As the texture density increases, the average 21 

bearing capacity of the fluid film first decreases and then increases, and the trend of the 22 

friction coefficient also increases accordingly. Among the nine design groups( 23 

0.05 0.15 0.35, 0.075 0.1 0.15Sp = =、 、 、 、 ), based on the fuzzy comprehensive evaluation the 24 

local optimal solution is 0.15Sp = , 0.075 =  for lubrication and wear resistance. 25 
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 27 

1. Introduction 28 

Total hip arthroplasty (THA) has been widely used to treat hip joint diseases, with 29 

the implanted artificial hip joint replacing the diseased joint to perform normal joint func- 30 

tions. However, studies have shown that the implanted hip joints after total hip arthro- 31 

plasty (THA) generated wear debris particles during the long-term wear, which can cause 32 

symptoms such as osteolysis and prosthesis loosening, and eventually lead to prosthesis 33 

failure, requiring patients to undergo revision surgery[1–3]. Improving the performance 34 

of wear materials is one effective method to reduce wear in artificial hip joints. Research 35 

on the wear materials of the acetabular liner and femoral head of artificial hip joints has 36 

found that ceramic-on-ceramic (COC) prostheses produce fewer wear particles compared 37 

to (1) metal-on-metal(MOM), (2) metal-on-polymer(MOP), and (3) ceramic-on-polymer 38 

materials(COP)[4–8]. 39 

However, numerous studies have also indicated that COC prostheses may produce 40 

squeaking [9–11] compared with other materials. Walter et al. [10] found that the 41 
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mechanisms causing squeaking include stripe wear, edge loading, third-body particles, 42 

and liner fracture. Among these, abnormal contact positions in the hip joint, leading to 43 

lubrication imbalance and edge loading, this in turn leads to increased stripe wear and a 44 

higher degree of wear. Reducing the wear between friction pairs and improving the lu- 45 

brication are the main strategies to extend the service life of materials. Furthermore, tex- 46 

turing surface is one of the important research directions for improving lubrication. 47 

Surface texturing technology has been widely used in the field of wear-resistant ce- 48 

ramics, including cutting tools, plungers, bearings and mechanical seal rings [12–15]. The 49 

tribological properties of ceramic materials with surface texture have been greatly im- 50 

proved. Surface textures are categorized based on their geometric structures into the fol- 51 

lowing functions [16]: (a) lubricant reservoirs and accumulating wear debris; (b) micro- 52 

hydrodynamic bearings; (c) reducing the nominal contact area. Different types of surface 53 

textures have quite significant differences in their impacts on the tribological properties 54 

of ceramic materials. Roy et al. [17] performed Pin-on-disk(PoD) friction experiments us- 55 

ing a ceramic pin articulating with a textured and smooth ceramic disk and determined 56 

that the friction coefficient decreased by 17% and wear decreased by 53% for the textured 57 

compared to the smooth ceramic disks. Han et al. [18] compared the friction reduction 58 

properties of ZrO2 ceramics with different surface texture shapes (circular, elliptical, tri- 59 

angular, fish-scale-like) through numerical simulation and experiments, and found that 60 

the ZrO2 ceramics with fish-scale-like texture had a higher fluid film carrying capacity, 61 

resulting in the lowest friction coefficient. ZOU et al. [19] fabricated pit-type surface tex- 62 

tures with different diameters (15-85μm), depths (5-16μm), and area ratios (0.5%-6.0%) on 63 

the surface of Si3N4 ceramics, and investigated the tribological properties of Si3N4 ceram- 64 

ics with surface textures of different geometric parameters under water lubrication condi- 65 

tions. It was found that when the diameter of the pit-type surface texture was 22μm, the 66 

depth was 11μm, and the area ratio was 2.0%, the ceramics had the most excellent tribo- 67 

logical properties. Hao et al. [20] used ANSYS simulation to solve the friction coefficient 68 

of textured zirconia ceramic artificial hip joint materials. It was found that within the area 69 

ratio of 5%-25%, the average fluid-film bearing capacity of the three textures (cylindrical, 70 

diamond-shaped, and circular-ring) increased as the area ratio increased, and the friction 71 

coefficient decreased as the area ratio increased. The best values were obtained when the 72 

area ratio was 25%. Different ceramics have different optimal surface texture types. There- 73 

fore, texture size and density are key parameters affecting lubrication performance. 74 

The existing research on the surface textures of COC hip joints mainly focuses on the 75 

influence of texture shapes and densities on the wear resistance and lubrication of ceramic 76 

materials. However, the working conditions (sliding distance, sliding speed, loading) also 77 

affect the lubricating fluid film formed by the COC friction. The lubricating performance 78 

of the same texture parameters varies under different working conditions. Choudhury et 79 

al. [21] measured the friction coefficient between textured ( 0.09, 0.23Sp = = ) and DLC- 80 

coated stainless steel femoral heads and the ceramic acetabular liners using a pendulum 81 

hip joint simulators (HJS). They found that the smooth DLC coating initially reduced the 82 

friction coefficient more than the femoral heads with the combination of texture and coat- 83 

ing by 88%. The femoral heads with texture and coating maintained a constant friction 84 

coefficient during repeated tests, while the friction coefficient of the femoral heads with 85 

smooth coating increased by nearly 24% within the same time interval. Theoretically, 86 

there is an optimal textured ratio under specific working conditions. The exploration of 87 

the textured design on the surfaces of COC hip prostheses is still insufficient. 88 

This study proposes a research method that is based on the EHL model of textured 89 

prostheses under ISO standard gait. The EHL model utilizes the finite difference method 90 

to discretize the governing equations, and the results solve for the pressure distribution, 91 

film thickness within the lubrication film. It also investigates the influence of surface 92 
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texture parameters ( 0.05 0.15 0.35, 0.075 0.1 0.15Sp = =、 、 、 、 ) on the tribological performance 93 

of prostheses under fluid lubrication conditions. The aim of this study is to explore the 94 

feasibility of introducing texture design to enhance lubrication ability, reducing squeak- 95 

ing in COC joints. 96 

2. Methods 97 

2.1. Materials 98 

In this study, a hard-on-hard artificial hip replacement structure was adopted, and 99 

the theoretical framework for calculating the wear of hard materials has been established 100 

in a previous study[22]. The elastic modulus, size of ceramic hip joint materials, texture 101 

parameters of the hip joint surface and lubricating medium are summarized in Table 1, 102 

where the texture aspect ratio is determined by the texture depth and the texture diameter. 103 

According to the lubrication mechanism of the texture, set the texture diameters to 0.2 mm, 104 

0.3 mm and 0.4 mm respectively. For effectively calculating the Reynolds equation of the 105 

EHL model and considering the range in which the texture density causes significant 106 

changes in the lubricating fluid film pressure, the texture densities are taken as 0.05, 0.15 107 

and 0.35. 108 

Table 1. Geometrical ,material and texture parameters of a COC THR. 109 

Parameters Value 

Sphere Radius 18mm 

Texturing Depth 0.03mm 

Elastic modulus 380GPa 

Dynamic Viscosity 0.0009Pa·s 

Dimple Diameter 0.2/0.3/0.4mm 

Dimple Density 0.05/0.15/0.35 

2.2 Establishing Hip Joint EHL Model 110 

The tribological component of artificial hip joints can be simplified into two friction 111 

pairs: the acetabular liner surface is smooth, while the femoral head surface is textured. 112 

The simplified model of the artificial hip joint is shown in Figure 1. Existing studies typi- 113 

cally use pin-on-disk or ball-on-disk models to verify the lubrication performance of pros- 114 

thesis interface friction. In these models, the components in contact move linearly or in a 115 

circular motion on a plane, with the relative sliding speed of the friction pairs selected 116 

between 0.027 and 2 m/s [23,24]. However, the combination of multi-directional angular 117 

displacement and axial load based on the walking cycle will produce an elliptical wear 118 

area on the joint surface, the wear depth within the wear area will affect the degree of 119 

wear. It has been reported[25,26] in the literature that different joint sliding distances in 120 

different hip joint simulators will lead to different wear rates. Therefore, this study uses 121 

the standard gait as the working condition shown in Figure 1(a). The cup axis is inclined 122 

at a certain angle to the load application axis and covers the femoral head. The liner di- 123 

ameter of the liner is slightly larger than the outer diameter of the femoral head, as shown 124 

in Figure 1(b). The gap between the liner and the femoral head stores lubricating fluid, 125 

which reduces friction and wear of the assembly. 126 
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 127 

Figure 1. (a) Hip Joint Model Schematic; (b) Model Cross-Sectional View; (c) Spherical Coordinate 128 

of Femoral Head. 129 

Under the transient elastohydrodynamic lubrication (EHL) condition and gait condi- 130 

tion show in Figure 2., the film thickness varies with time. The corresponding Reynolds 131 

equation[27] for this model in spherical coordinates is expressed as: 132 
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(1) 

Where   is the polar coordinate direction along the axis of flexion/extension;   is the 133 

polar coordinate direction along the axis of adduction/abduction; , ,x y z  are the angular 134 

velocity components along the three axes; R  is the radius of the femoral head in mm; p  135 

represents the pressure of the lubricating fluid film in MPa; h  is the film thickness on 136 

surface;   is the dynamic viscosity of the Newtonian fluid in MPa·s; and t  is time. 137 

The linear velocity at any point on the femoral head is determined by the angle be- 138 

tween the position of that point and the center of the sphere. The expression for the linear 139 

velocity was described as: 140 

sin cos
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 (2) 

The applied load ( w ) was balanced by the integral of the hydrodynamic pressure in the 141 

three Cartesian coordinate dimensions:  142 
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Figure 2. Gait Condition. (a) ISO gait angle displacement; (b) ISO gait loading. 144 

2.3. Construct the Film Thickness Field with Texture 145 

A texture control unit as shown in Figure 3 is created on the surface of the femoral 146 

head. The texture is designed in the shape of a square with a side length of L . The cylin- 147 

drical texture has a radius of r , and the texture is a flat-bottomed dimple with a depth of 148 

ph . The plane depth of the textured unit is: 149 

 150 
Figure 3. Textured Unit on the Hip Joint Surface. 151 

Establishing the Surface Texture Film Thickness Field:(1) Construct a spherical coor- 152 

dinate system with the center of the femoral head as the origin, as shown in Figure 1(c). 153 

(2) Divide into a grid with N rows and M columns in the   and   directions. (3) Fur- 154 

ther Subdivision: Divide the grid units and arrangements of equivalent texture size and 155 

density according to the actual size of the femoral head. Combining the deformation of 156 

the ceramic material under fluid film pressure and the eccentric component, the film thick- 157 

ness field expression for the surface as: 158 

( ) ( )sin cos sin sin cos , ,x y x ph c e e e h         = − − − + +  (4) 

Where c  is the radial clearance between the acetabular liner and femoral head in µm; 159 

, ,x y ze  are the eccentricity components along the three axes; The elastic deformation of the 160 

femoral head   is expressed as: 161 

( ) ( ) ( )' ' ' ', , , ,mK p d d
 

           = − −    (5) 

Where in the elastic deformation, K  denotes the influence coefficient matrix of the elas- 162 

tic surfaces and m  denotes a fixed mean latitude; ph  is the depth on the film thickness 163 

field. In the smooth area 0ph = , while in the textured area, its value is the relative value 164 

of texture depth and clearance. The texture units cover the femoral head according to dif- 165 

ferent texture parameters (size and density). 166 

2.4. Solve the Reynolds equation 167 
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Non-dimensionalization not only reduces the number of variables in the control 168 

equation during the solution process using characteristic length and characteristic velocity 169 

but also leads to universally applicable solutions represented by non-dimensional param- 170 

eters. The defined non-dimensional parameters are as follows: 171 

2 2

, , , , , , , ,

2 3 2
, ,0 , , , , 0 0 , ,

, , , , ,
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= =  = = =

=   = =  =
 (6) 

By substituting the non-dimensional parameters into the Reynolds Eq.(1) of the model, 172 

where E  is the material elastic modulus, P  is the non-dimensionalized pressure at 173 

point ( , )  , and H  is the non-dimensionalized fluid film thickness at point ( , )  , the 174 

normalized governing equation is derived as: 175 
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 (7) 

The Eq.(7) is subjected to pressure iteration using the Gauss-Seidel relaxation method. For 176 

ensuring discrete consistency, Multi-Grid techniques are employed to mesh the EHL 177 

model into M×N (where M=N=129), and the numerical method used to solve the lubrica- 178 

tion equation is the same as that in Ref.[28]. The numerical simulation was implemented 179 

in Fortran and compiled using CodeBlocks. 180 

The determination method for computational accuracy is shown in Eq.(8), where k  rep- 181 

resents the number of iterations, and pE  represents the error limit. 182 

1 1

, , ,

1 1 1 1

m n m n
k k k

i j i j i j p

i i i i

P P P E+ +

= = = =

−    (8) 

For this calculation, 0.01pE = . According to the convergence determination formula, 183 

when the difference between successive iteration numbers ≤ pE , the computation is con- 184 

sidered converged, and the iterative calculation loop ends. The error limit pE  is posi- 185 

tively correlated with the convergence speed, but a larger pE  will decrease the compu- 186 

tational accuracy. The pressure value obtained from the previous iteration loop can be 187 

directly substituted into Eq.(8) to calculate the fluid film pressure value at a particular 188 

node. However, this approach leads to slower convergence and increased computational 189 

iterations. To accelerate convergence, a relaxation factor   (0.5 < < 2) is introduced af- 190 

ter a certain node pressure iteration calculation, resulting in Eq.(9). 191 

( )1 1 1

, , , ,

k k k k

i j i j i j i jP P P P+ + += +  −  (9) 

The fluid film load is expressed as the sum of ( , )p    over the   and   direc- 192 

tions on the spherical surface. Additionally, by taking the partial derivative of the femoral 193 

head's convective velocity, the expression for fluid film shear resistance is Eq.(10) .Finally, 194 

the friction factor f  is used to characterize the lubrication performance of the texture. 195 
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The procedure for solving an EHL model of hip joints show in Figure 4. 196 

 197 
Figure 4. Flow chart of solving EHL model procedure. 198 

3. Results 199 

Considering that there is no significant difference in the film thickness on the surface 200 

of the hip joint between the stance phase and the swing phase, the moment when the fluid 201 

film bearing capacity reaches maximum is selected as the condition for the film thickness 202 

analysis. During the stance phase of the standard gait cycle(Cycle Time = 12%), the film 203 

thickness distribution in the EHL model mapped onto the surface of the hip joint is shown 204 

in Figure 5. Comparing the smooth surface and the textured surface, the film thickness at 205 

the non-textured areas of the textured surface is at the same level as that at the same po- 206 

sitions on the smooth surface. However, the fluid film thickness inside the textured pits is 207 

higher than that of the surrounding smooth surface. This indicates that the textured sur- 208 

face has more space to store the lubricating fluid. The film thickness at the edge where the 209 

hip joint is perpendicular to the polar axis by 30° is lower than that at the edge, indicating 210 

that the lubrication environment at the edge is worse than that at the center. 211 

 212 

30° 30°

(a) (b)
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Figure 5. Distribution of the film thickness under the maximum load on (a)Smooth surface (b)Tex- 213 
ture surface( 0.15 0.075Sp = =， ）. 214 

The motion speed and loading generated during the swing phase of the hip joint in 215 

a standard gait cycle change the film thickness and load-carrying capacity on the fluid 216 

film surface. The results of the film thickness and load-carrying capacity per gait cycle 217 

under different texture density and aspect ratio parameters of the hip joint are shown in 218 

Figure 6, which the pressure represents the maximum value of the load-carrying capacity 219 

on the fluid film surface within the cycle. Combining the load change in Figure 2 and the 220 

pressure change in Figure 6, it is found that the trend of the fluid film pressure is mainly 221 

affected by the axial load applied to the hip joint, and when 0.075 = , it significantly 222 

affects the amplitude of the oil film pressure. When the load experiences the change from 223 

the peak to the trough and then to the peak, the overall trend of the oil film pressure also 224 

changes. When the movement of the hip joint transitions from the swing phase to the 225 

stance phase, as the axial load decreases to around 300N, the fluid film pressure also de- 226 

creases accordingly to a stable range. The average load-carrying capacity of the fluid film 227 

is obtained by calculating the mean of all pressure values and film thicknesses within the 228 

calculation cycle in Figure 7. 229 

 230 
Figure 6. Load-carrying capacity within gait cycle. 231 

  

Figure 7. Average bearing pressure and minimum film thickness. 232 
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By comparing nine design groups and one control group with different texture den- 233 

sities and texture aspect ratios in Table 2, the following conclusions can be drawn: The 234 

minimum film thickness on the surface of the hip joint is inversely proportional to the 235 

average pressure of the fluid film. A larger fluid film pressure indicates better lubrication 236 

performance. As the texture density increases from 0.05 to 0.35, the variation trend of the 237 

fluid film pressure first decreases and then increases. And as the texture aspect ratio in- 238 

creases from 0.075 to 0.15, the fluid film pressure gradually increases. The shear stress of 239 

the grid unit is calculated according to the Newtonian fluid shear stress formula, and the 240 

friction coefficients of different textured surfaces in Figure 8 are calculated based on the 241 

shear stress structure. Compared with the fluid film pressure and friction coefficient of 242 

the smooth surface of the hip joint in Table 2, the hip joint with a textured surface has a 243 

larger fluid film pressure and a smaller friction coefficient during the friction process, 244 

which indicates that the surface texture design can significantly improve the lubrication 245 

performance. 246 

 247 
Figure 8. Friction Coefficient on the surface of the hip joint. 248 

Orthogonal experimental analysis can evenly examine the influence of various fac- 249 

tors on the objective function, and it can help determine which combinations of factors 250 

may lead to local optimal solutions. The fuzzy comprehensive evaluation is used to eval- 251 

uate the membership degree of the lubricity of the textured surface from multiple factors. 252 

Orthogonal analysis is carried out for the textured surface with two factors and three lev- 253 

els. Take the fluid film bearing capacity, film thickness and friction coefficient as the eval- 254 

uation factors to establish a factor set, and use the data in Table 2 as the evaluation set to 255 

construct a fuzzy membership degree matrix R . In actually evaluation, it is required that 256 

the larger the fluid film bearing capacity is, the better, which is a larger-preference factor. 257 

The smaller the film thickness and the friction coefficient are, the better, both of which are 258 

smaller-preference factors. The membership function is shown in Eq.(11) as follows: 259 
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Where 1nr  is the 1st membership degree value of the fluid film bearing capacity, 2nr  260 

is the 2nd membership degree value of the film thickness, and 3nr  is the 3rd membership 261 

degree value of the friction coefficient. Substitute the data in Table 2 to calculate the fuzzy 262 

membership degree matrix R : 263 
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Considering both lubrication and wear resistance[29,30], the weight ratio is assigned 265 

as [0.3,0.2,0.5]A= ,the fuzzy membership degree H A R=  . Then the calculation results 266 

of the membership degree are presented in Table 2. 267 

Table 2. Tribological parameters of the hip joint. 268 

Texture parameters 
Average bearing 

pressure/MPa 

Friction coefficient Membership degree 

Smooth 28.94 0.013 / 

Sp=0.05 ε=0.075 46.74 0.0025 0.4912  

Sp=0.05 ε=0.1 169.71 0.0016 0.4737  

Sp=0.05 ε=0.15 143.46 0.0014 0.5922  

Sp=0.15 ε=0.075 63.36 0.0029 0.9462  

Sp=0.15 ε=0.1 62.21 0.0037 0.3994  

Sp=0.15 ε=0.15 111.98 0.0055 0.3442  

Sp=0.35 ε=0.075 69.77 0.0024 0.8886  

Sp=0.35 ε=0.1 53.41 0.0036 0.3994  

Sp=0.35 ε=0.15 184.56 0.0078 0.4248  

Range analysis can determine which factors have a significant impact on the objective 269 

function through the mean response, thereby achieving more refined adjustment and op- 270 

timization in the optimization process, with the expectation of finding a better local opti- 271 

mal solution. The results obtained from the range analysis in Minitab 21 are shown in 272 

Table 3, Texture density is a more significant factor in changing wear resistance. 273 

Table 3. Range analysis. 274 

Level Aspect Radio Density 

1 0.002596 0.001830 

2 0.002960 0.004005 

3 0.004875 0.004595 

Patch 2 1 

When comparing the surface fluid film pressure during the stance phase of gait in 275 

Figure 9, it was found that when 0.075 = , the fluid film pressure was relatively high 276 

and the friction coefficient was the smallest. The magnified view corresponds to 277 

0.15 0.075Sp = =， . It can be seen that this area is the location with a relatively severe 278 

wear degree as reported. This combination has a higher oil film load-bearing capacity, 279 

thus exhibiting better lubrication and anti-friction effects. This indicates that when the 280 

texture functions as a micro hydrodynamic bearing, it is more capable of reducing friction. 281 

Excessively high texture density will, on the contrary, reduce the elastohydrodynamic lu- 282 

brication effect and fail to effectively reduce friction. 283 
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Figure 9. The surface fluid film pressure during the stance phase of gait. 286 

Comparing the pressure, film thickness contour diagrams and central sectional views 287 

of the smooth surface and the textured surface of the hip joint in Figure 10, it can be found 288 

that: a) The pressure distribution on the smooth surface tends to be relatively uniform and 289 

gentle. Under the action of normal physiological loads, the pressure in the contact area 290 

between the femoral head and the acetabulum will gradually transition from the center to 291 

the periphery according to a certain pattern. b) The pressure distribution of the texture 292 

becomes more complex and uneven. The instantaneous pressure fluctuations on the tex- 293 

tured surface are affected by the undulating film thickness, making it easier to form tiny 294 

local buffer points, the large concentrated pressure is dispersed to multiple local points, 295 

avoiding the generation of excessively high pressure over a large area. When the load 296 

changes, by means of the deformation characteristics of the texture, it can better buffer the 297 

pressure peaks, making the overall pressure change of the joint more reasonable during 298 

complex movements and reducing the impact load on the joint. c). The film thickness at 299 

the center of the smooth surface is relatively thick and then gradually thins out towards 300 

the periphery. In contrast, the film thickness profile of the textured surface shows an "un- 301 

dulating" state, with local "high points" of film thickness formed at the textured areas. 302 

Sp = 0.05

Sp = 0.35

Sp = 0.15

ε = 0.075 ε = 0.10 ε = 0.15
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Figure 10. The pressure and film thickness contour. (a) Smooth surface; (b) Texture surface; (c) Cen- 304 

tral sectional views of the smooth surface; (d) Central sectional views of the texture surface. 305 

4. Discussion 306 

Texture features that act as lubricant reservoirs and accumulate wear debris typically 307 

have a larger aspect ratio ( 0.1  ) since they need sufficient space to hold lubricants and 308 

debris [31]. In contrast, texture features that serve as micro-hydrodynamic bearings re- 309 

quire a smaller aspect ratio ( 0.1  ) to enhance lubricant film pressure [32]. It's im- 310 

portant to note that the aspect ratio of the texture does not significantly affect the reduc- 311 

tion of contact area; this reduction is dominantly determined by the texture density. 312 

Through numerical simulation methods, Allen and Raeymaekers [33] determined 313 

that the impact of texture aspect ratio and texture density on the lubricating film thickness 314 

exhibits non-linear characteristics. Moreover, the influence of the shape of the texture bot- 315 

tom surface on the friction coefficient also demonstrates non-linear traits. Krupka [34] and 316 

Mourier [23] found that as the aspect ratio increases, the fluid shear effect gradually 317 

strengthens, which weakens the fluid dynamic pressure effect. When the aspect ratio   318 

is greater than 0.1, the role of texture in storing lubricating fluid and accumulating debris 319 

gradually increases, replacing the role of microfluidic hydrodynamic bearings. This may 320 

result in the actual clinical wear rate being lower than the CFD simulation results. Li et al. 321 

[35] investigated the effect of three different densities of hemispherical pits (5%, 13%, and 322 

35%) at the   ratio of 0.01. They found that the lowest friction coefficient was achieved 323 

with a density of 13%. Similarly, Raeymaekers et al. [36] found that aspect ratios of 0.006 324 

and densities in the range of 0.1 to 0.3 produced the best results. A greater dimple aspect 325 

ratio will reduce the optimum dimple density. Although under the condition that the tex- 326 

ture density parameters are approximately the same, the surface wear resistance shows 327 

different results. In the reference, a density of 15% has better wear resistance, while in this 328 

(a) (b)

(c) (d)
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simulation result, it is lower than that at a density of 5%. This may be caused by the dif- 329 

ferences in materials, working conditions and optimization objectives. 330 

Allen [33] suggested that when the area density reaches a certain level and continues 331 

to increase, overly dense texture distribution may lead to difficulties in establishing a sta- 332 

ble lubricating fluid film. Judging from the in vitro results after surgical operations, overly 333 

dense texture distribution may lead to a situation where the wear resistance of the femoral 334 

head with a textured surface is poorer than that of the femoral head with a smooth surface. 335 

When there is no significant difference in the friction coefficient, texture size and density 336 

should prioritize the design for conditions with lower average fluid film load capacity to 337 

ensure the lower limit of service life. Meanwhile, if the textured surface is not processed 338 

promptly, it will cause stress concentration on the surface, which is more likely to result 339 

in the rupture of the liner. Moreover, ensuring that the textured processing does not cause 340 

damage to ceramic prostheses is also a major problem faced by the industry. 341 

5. Conclusions 342 

This study constructs a friction lubrication model for the interface of hip joint pros- 343 

theses based on the fluid dynamics state equation. By solving the Reynolds equation, nu- 344 

merical values of fluid film load capacity and friction coefficient are obtained to charac- 345 

terize lubrication performance, leading to the following conclusions: 346 

1. Within the range of aspect ratio from 0.075 to 0.15, the average bearing capacity of 347 

the fluid film shows a tendency to increase with the increase in aspect ratio, and the chang- 348 

ing trend of the friction coefficient is the same as that of the average bearing capacity. The 349 

friction coefficient is lowest when 0.075 = . 350 

2. Within the range of density from 0.05 to 0.35, with the increase in texture density, 351 

the average bearing capacity of the fluid film first decreases and then increases, while the 352 

friction coefficient also increases accordingly. 353 

3. The fuzzy comprehensive evaluation found that the textured structure with a den- 354 

sity of 0.15 and an aspect ratio of 0.075 is the local optimal solution for improving lubrica- 355 

tion and wear resistance, and the density can affect the surface wear resistance to a greater 356 

extent. 357 

4. Although the lubrication mechanism of the texture changes when the aspect ratio 358 

is greater than 0.1, considering that the amount of wear generated by ceramic hip joints is 359 

much lower than that of other materials, it is more recommended to adopt the texture 360 

design with aspect ratio less than 0.1. 361 
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