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Performance of textured dual 
mobility total hip prosthesis 
with a concave dimple 
during Muslim prayer movements
M. Muchammad 1*, Mohammad Tauviqirrahman 1, Muhammad Imam Ammarullah 1,2,3, 
Muhammad Iqbal 1, Budi Setiyana 1,4 & J. Jamari 1

The single mobility bearing as a previous bearing design of total hip prosthesis has severe mobility 
constraints that can result in dislocation during Muslim (people who follow the Islam as religion) prayer 
movements, specifically shalat that requires intense movement. There are five intense movements 
(i.e., bowing, prostration, sitting, transition from standing to prostration, and final sitting) during 
Muslim prayer that may generate an impingement problem for patients with total hip prosthesis. In 
this work, textured dual mobility total hip prosthesis with two textured cases (i.e., textured femoral 
head and textured inner liner) are presented and their performances are numerically evaluated against 
untextured surface model during Muslim prayer movement. The concave dimple design is chosen 
for surface texturing, while for simulating femoral head materials, SS 316L and CoCrMo is choosen. 
To represent the real condition, three-dimensional computational fluid dynamics (CFD) coupled with 
two-way fluid–structure interaction (FSI) methods are employed to analyze elastohydrodynamic 
lubrication problem with non-Newtonian synovial fluid model. The main aim of the present study is to 
investigate the tribological performance on dual mobility total hip prosthesis with applied textured 
surface with concave dimple in femoral head and inner liner surface under Muslim prayer movements. 
It is found that applying surface texturing has a beneficial effect on the lubrication performance for 
some intense movements. The textured femoral head model performs better than textured inner liner 
model and untextured model (both femoral head and inner liner). The numerical results also indicate 
superior performance of CoCrMo femoral head compared to SS 316L femoral head. These findings can 
be used as a reference for biomedical engineers and orthopedic surgeons in designing and choosing 
suitable total hip prosthesis for Muslims makes they can carry out Muslim prayer movements like 
humans in general who have normal hip joints.

List of symbols
c  Clearance between the femoral head and the acetabular liner
d  Displacement of the structure domain
d̈  Local acceleration of the structure domain
Fs  Body force vector
h  Relative rigid displacement
n  Power-law index
p  Hydrodynamic pressure
V  Velocity
γ ̇  Shear rate
δ  Total elastic deformation
η0  Viscosity at zero shear rate
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η∞  Viscosity of the infinite shear rate
λ  Natural time
µ  Dynamic viscosity of lubricant
ρ  Density of lubricant
ρs  Solid density
σs  Solid stress tensor
τ  Stress

Total hip replacement is one of several effective orthopedic surgical techniques for the treatment of hip joint 
issues caused by trauma or osteoarthritis. The hip joint is shaped like a ball and socket, connecting the femur 
to the  acetabulum1. During a total hip replacement, the damaged bone and cartilage are removed and replaced 
with prosthetic  components2. It is estimated that total hip replacement will increased due to aging population 
with the old age group demanding for a higher quality of  life3.

Numerous biomaterials are being developed for used in bearing of total hip prosthesis.  Metals4,  ceramics5, and 
 polyethylene6 materials are frequently employed in implant preparation. Due to their excellent wear resistance, 
bearing combination such as metal-on-metal7, metal-on-polyethylene8, ceramic-on-ceramic9, and ceramic-on-
polyethylene10 has been developed. Wear on bearing of total hip prosthesis, which is influenced by a number of 
contributing elements such as contact  pressure11,  lubrication12, and  motions13 is believed to be one of the major 
reasons for implant failure. Numerous studies have been conducted for reducing wear on bearing of total hip 
prosthesis in order to achieve longer time used, where one of them effort is surface  modification14–16. Laser surface 
 engineering17 and electrical discharge  maching18 are two popular approaches for surface modification of total 
hip prosthesis that texturing bearing interface to create dimple. Application of surface texturing on bearing of 
hip prosthesis with dimple on interacting surfaces would bring several advantages, such as reducing wear  rate19, 
increasing lubrication  performance20, and trapping wear  debris21. Then, maximize dimple parameter such as 
 depth22,  diameter23,  number24,  pattern25,  space26, and  shape27 is crucial as explained be Pakhaliuk et al.28 for their 
study in textured femoral head of hip prosthesis.

Hip impingement as one of the main sources of hip joint failure can be caused by intense human move-
ment like yoga as a type of Japanese style  activity29 and Salat as a type of Muslim (people who follow the Islam 
as religion) praying  activity30. Furthermore, based on a retrospective study by Anwar et al.31, 50% of patients 
in a total of 22 subjects with total hip prosthesis were still unable to complete Muslim prayer movements in an 
excellent manner postoperatively. As a result, some modification of movement is required duting Muslim prayer 
movements. On a orthopedic surgeon’s recommendation, people with total hip prosthesis are restricted from 
engaging in intense movement during such activities to prevent hip dislocation. Focusing on the development 
of the design of total hip prothesis that suitable for accommodate Muslim prayer movements, Saputra et al.32–36 
have conducted several studies based on the numerical approach to reduce the potential impingement and risk 
of dislocation of the hip joint movement under intense conditions that founding the conclusion that bearing of 
total hip prosthesis with single mobility design cannot accommodate Muslim prayer movements. Then, dual 
mobility bearing as a new design for total hip prosthesis has been explored during Muslim prayer movements 
as presented in previous study by Wibowo et al.37 and Jamari et al. 38.

The development of dual mobility bearing of total hip prosthesis purposed to accommodate Muslim prayer 
movements can be carried out using  clinical39,  experimental40 and  computational41 approaches. The clinical 
approach is the most realistic approach by creating a dual mobility total hip prosthesis that is used directly by 
Muslims to accommodate Muslim prayer movements. Unfortunately, a clinical approach will require complete 
patient commitment and participation, without which the results obtained will be  invalid42. An experimental 
approach may be an option besides clinical testing using a hip joint simulator. However, the weakness of this 
method is that it requires a long time and adequate  equipment43. A third approach using computational simula-
tion can be a solution to the obstacles found from clinical and experimental approaches in efforts to develop 
dual mobility total hip prosthesis to accommodate Muslim prayer  movements44.

This work aims to investigate the influence of surface texturing applied either on femoral head or liner for 
improving the tribological performance on the dual mobility total hip prosthesis during Muslim prayer move-
ments. The focus will be on enhancing the load support indices under intense movements as found in Muslim 
praying activity based on computational fluid dynamics (CFD)–fluid–structure interaction (FSI) methods. To 
explore the benefits of texturing in the hip prosthesis, in the following computations, all textured cases are 
compared to the untextured surface. Furthermore, a fluid structural investigation of stainless steel 316L (SS 
316L) and cobalt chrome molybdenum (CoCrMo) alloy femoral heads was also performed using two dimpled 
models. The load-carrying capacity, maximum principal stress, and deformation parameters for the design 
strategy of dual mobility total hip prosthesis during Muslim prayer movements are derived from the findings 
of computational simulation.

Materials and method
Governing equation
In this research, the synovial fluid behavior caused by hip motion is solved by simultaneously solving the con-
tinuity equation and the Navier–Stokes  equation45. Furthermore, the elasticity equation is used to solve the 
calculation in the solid computational. For the simulation, the elastohydrodynamic condition was evaluated 
in both the fluid and solid domains using ANSYS 18.0. The expressions of the mass conservation equation and 
momentum conservation equation are respectively, given as follows:

(1)∇ · V = 0
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The FSI procedure establishes the coupling of fluid dynamics and structural mechanics. The solid domain is 
governed by structural dynamics equations and obeys Newton’s second law as follows:

The fluid and solid interact, causing the fluid pressure and the solid structure to be correlated in the bearing. 
The structure deforms due to the pressurized fluid. The deformed surface, in turn, causes a change in the lubri-
cant domain. The displacement compatibility (kinematic condition) and stress equilibrium (dynamic condition) 
equations are created for data exchange between the fluid and the structure.

Lubricant film thickness
The relative displacement that occurs on the surface of the fluid domain is proportional to the displacement that 
occurs in the solid domain. On the basis of the elastic deformation that occurs, the thickness of the film can be 
expressed in the form:

where h is the relative rigid displacement of the two contacting surfaces, c is the clearance between the femoral 
head and the acetabular liner, and δ is the total elastic deformation of the two contacting surfaces.

Viscosity modeling in synovial fluid
In the synovial joint cavity, synovial fluid is a viscous than modelled ad non-Newtonian  fluid46. It is classified 
as a non-Newtonian fluid because its viscosity may fluctuate from liquid to dense depending on the shear rate. 
Another study by Yao et al.47 stated that synovial fluid has a large viscosity value at very low shear stress. In the 
case of total hip replacement, the average shear rate ranges from  106–107 1/s. As a result, synovial fluid has a 
different viscosity than water. The Cross technique may be used to determine the viscosity in an elastohydro-
dynamic lubrication  study48.

Since this study uses ANSYS Software, by adapting Eq. (1) and entering the power-law index, then the equa-
tion can be re-formulated as  follows49:

where η0 is the viscosity at zero shear rate, η∞ is the viscosity of the infinite shear rate, γ ̇ is the shear rate (1/s), 
λ is the natural time (the inverse shear rate when the fluid changes from Newtonian to power-law properties), 
and n is the power-law index. Furthermore, the viscosity values applied are η0 = 40 Pas, η∞ = 0.09 mPas, n = 0.27, 
and λ = 9.54. Furthermore,  Cross48 proposed a value of 2/3 for β.

Geometric model
A dual mobility total hip prosthesis is explored, consisting of ultra-high-molecular-weight polyethylene (UHM-
WPE) as acetabular cup materials insert to metallic femoral head. In the case of textured bearing, in this work, 
the concave dimples are applied on femoral head (without texture in liner) and liner (without texture in femoral 
head) surfaces of dual mobility total hip prosthesis as presented in Fig. 1. In detail, the parameters of dimple 
geometry are shown in Figs. 2 and 3. Here, hd denotes the dimple depth (= 0.70 mm), d refers to the dimple diam-
eter (= 0.50 mm), and p is the distance between the dimples (= 0.70 mm). Due to the apparent identical contact 
areas on the liner and head, the dimple distribution on the liner surface will be proportional to the synovial 
fluid produced during Muslim prayer movements. All simulated components in this present study assumed to 
be homogeneous, isotropic, and linear  elastic50. Surface roughness in contact interface is not considered into 
computational  modelling51,52. To compare the influence of various femoral head materials with dimpled surfaces 
on either femoral head or liner components, the typically utilized materials for the femoral head, SS 316L and 
CoCrMo were examined. In detail, Table 1 reflects geometry size, material, and fluid parameters used in the 
present computation.

To construct the synovial fluids and components of dual mobility total hip prosthesis, in this work, the 
4-node tetrahedral elements are used via ANSYS ICEM-CFD module, which considerably improves computing 
efficiency and precision. Figure 4 illustrates a three-dimensional meshed model, which is composed of an inner 
liner, synovial fluid, femoral head, and stem. The sensitivity of the grid density is verified to confirm the accu-
racy of the results both for the fluid and solid computational domains. To achieve adequate convergence, linear 
proportional refinement criteria around the dimple area are created for each mesh model for a specific loading 
situation. Additionally, in terms of computational cost, due to the geometry’s complexity, which necessitates a 
denser element discretization, the sensitivity investigation was carried out under a single loading condition, 

(2)ρ(V · ∇)V = −∇p+∇ · (µ∇V)

(3)ρsd̈ = ∇ · σs + Fs

(4)df = ds

(5)n · τf = n · τs

(6)h = c + �h + δ

(7)η = η∞ +
η0 − η∞

1+ α(γ )β

(8)η = H(T)
η0

1+ (�γ )1−n
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namely bowing during Muslim prayer movements in this case. The grid size is modified between 800 (coarse 
mesh) and 80,000 (fine mesh) for the fluid computational domain, and between 80,000 and 790,000 for the solid 
computational region. The maximum hydrodynamic pressure and maximum von Mises stress values obtained 
for various grid sizes are depicted in Fig. 4. It should be noted that the maximum von Mises stress profiles shown 
here are for two different femoral head materials SS 316L and CoCrMo. According to Fig. 4, when the grid size 
is greater than 45,000 (for the fluid domain) or 520,000 (for the solid domain), the simulation results remain 
consistent (less than 6%) for both the maximum pressure and the maximum von Mises stress parameter, but 
the computing cost increases. To summarize, this number of grid systems is used for all simulation situations in 
the fluid and solid computational domains because it provides an appropriate level of mesh independence while 
maintaining a manageable computing duration.

In this study, all seven Muslim prayer movements were analyzed with four different models. Rotation around 
x, y, and z represents flexion–extension, abduction–adduction, and internal–external rotation movements, 

Figure 1.  Dual mobility total hip prosthesis components (1. acetabular cup; 2. outer liner; 3. inner liner; 4. 
femoral head; 5. stem).

Figure 2.  The texture of concave dimple on the artificial hip joint: (a) inner liner texture, (b) femoral texture.

Figure 3.  Size of the concave dimple on the femoral head and inner liner. Note: d = 0.50 mm, p = 0.70 mm, 
hd = 0.70 mm.
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respectively. The position of the applied load during the Muslim prayer movements was established based on 
the range of movement, as shown in Table 2, where loading (form as ground rection force) and velocity was 
explained in Tables 3 and 4, respectively.

Solution setup
To simplify the following numerical simulation, the contact surface with the femoral head is considered a moving 
wall, and the inner liner is defined as a stationary wall on the contact surface. Because of the elastohydrodynamic 
nature of the situation, the analysis necessitates a simultaneous solution to the lubricated total hip prosthesis 
problem. The two-way FSI approach is implemented in this manner. All instances in this study are assumed to 
be isothermal and the energy equation is not taken into consideration. The second-order upwind technique 
is employed to discretize the momentum equation. The pressure–velocity coupling is accomplished using the 
SIMPLE approach.

In this study, seven hip positions subjected to five intense movements during Muslim prayer namely, (1) 
bowing (ruku’), (2) transition from bowing to prostration, (3) prostration (sujud) for the right leg and left leg, 
(4) sitting between two prostrations, and (5) final sitting (tawarruk) for the right leg and left leg, are investigated, 
as seen in Fig. 5. The applied force is positioned according to range of movement during Muslim prayer move-
ments. Following the work from Wibowo et al.37 and Jamari et al.38, the velocity load in each position is calculated 
using the range of motion. The algorithm is built under a variety of loads to establish the ground reaction force 
(GRF) utilizing the static structure. The GRF is expressed as a % of body weight (percent BW). In this work, the 
average human body weight was estimated to be 65 kg.

Using ANSYS Workbench, the fluid, and solid equations must be solved simultaneously to investigate elas-
tohydrodynamic lubrication. The system coupling window can be used to achieve the goal. System coupling 
windows connect the fluid flow (FLUENT) and transient structure windows so that the two-way FSI can be car-
ried out. The establishment of initial conditions for transient structural analysis involves the prior execution of 
fluid flow simulations using FLUENT software. Subsequently, the obtained fluid flow data is imported into the 
structural analysis to set the initial conditions. The deformation of the structure leads to alterations in the thick-
ness of the synovial fluid film, consequently impacting the hydrodynamic pressure of the fluid. Solid deformation 
occurs as a consequence, and this phenomenon persists until the two solutions converge.

Grid independent test
Determination of mesh type and generation density is very important in the simulation to minimize compu-
tational time and  costs55. Generally, mesh generation requires more than half the time required before pre-
processing and setting up the discretization of CFD and FEA analysts. The greater the number of mesh elements, 
the smoother and more accurate the results. However, the larger the mesh element, the longer the simulation 
process. Therefore, a grid-independent study is conducted to determine the number of appropriate elements 
and a short time with accurate results. The type of mesh element greatly affects the numerical diffusion, conver-
gence quality, and time. A 4-node tetrahedral element was used to assess the accuracy of the modeling to ensure 

Table 1.  Geometry size, material, and fluid parameters.

Parameter Size

Geometry53

 Femoral head radius 14 mm

 Radial clearance (Femoral head to Inner liner) 0.1 mm

 Inner liner radius 14.1 mm

 Inner liner thickness 6 mm

 Outer liner thicness 2.4 mm

 Radial clearance (Outer liner to Acetabular cup) 0.1 mm

 Acetabular cup thicness 2.4 mm

UHMWPE38

 Modulus elasticity 1.1 GPa

 Poisson ratio 0.42

SS  316L38

 Modulus elasticity 200 GPa

 Poisson ratio 0.265

CoCrMo54

 Modulus elasticity 230 GPa

 Poisson ratio 0.3

Fluid38

 Viscosity of synovial fluid at zero shear rate 40 Pa s

 Viscosity of synovial fluid at an infinite shear rate 0.9 mPa s

 Viscosity power-law index 0.27
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Figure 4.  Mesh model on artificial hip joint, (a) fluid domain, (b) solid domain.

Table 2.  Range of movement during Muslim prayer  movements38.

Position

Range of movement (°)

Flexion (X) Abduction (Y) Rotation (Z)

Bowing 87 4 0

Prostration 109.4 6 7 (ex)

Sitting between two prostrations

 Right leg 77.6 6 15 (in)

 Left leg 80 4 6 (ex)

Transition from standing to prostration 121.5 0 0

Sitting

 Right leg 78.4 15.5 27.8 (in)

 Left leg 74.5 13.2 37.7 (ex)
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improved results with a smaller grid size. In addition, a grid-independent study was conducted on the fluid and 
solid domains as shown in Fig. 6. The calculation predicted hydrodynamic pressure and von Mises stress in the 
fluid and solid domains, respectively. Furthermore, the computation was conducted using different grid sizes 
in the two domains with the same initial conditions, namely the transition movement. The grid size varies from 
800 (coarse mesh) to 80,000 (fine mesh) and 80,000 to 790,000 in the computation of fluid and solid domains, 
respectively. Meanwhile, the maximum hydrodynamic pressure and von Mises stress are calculated with the dif-
ference in grid size as shown in Fig. 6. The figure shows that there is no difference in the value of hydrodynamic 
pressure and von Mises stress (below 5%) on grid sizes above 45,000 (in the fluid domain) and 520,000 (in the 
solid domain). Therefore, it can be concluded that such grids are used in all simulation cases with small sizes, 
relatively fast computation times, and accurate simulation results.

Validation
Validation is a term that refers to the process of determining the accuracy of the present simulation findings in 
comparison to previous studies conducted under the same  conditions56. Numerical validation is carried out in 
this study using similar boundary condition values. Additionally, when compared to earlier investigations, the 
FSI approach accurately represented elastohydrodynamic lubrication with fluid pressure in the transient stage. 
Figure 7 compares the hydrodynamic pressure values from this investigation to those from Noori-Dokht et al.57. 
According to Fig. 7, the simulation results demonstrate a high degree of resemblance and agreement with the 
references. However, there is a variance of approximately 5%, which is within the permitted tolerance limits, and 
these results also validate the simulation method used. In terms of von Mises stress and deformation, results for 
untextured surface model in the present study have been agreed with previouse study by Wibowo et al.37 and 
Jamari et al. 38.

Results and discussion
Figures 8, 9, 10, 11 and 12 depict the simulation results in terms of the hydrodynamic pressure in the synovial 
layer for each movement along an imaginary line ranging from 0° to 180° under different textured patterns. In 
this study, two texturing cases are of particular interest. The first case involves a textured inner liner, and the 
second simulates a textured femoral head. For all following computations, all textured results are compared to 
an total hip prosthesis model with untextured surface model to show the benefits and drawbacks of texturing. 
Based on Fig. 8, 9, 10, 11 and 12, it can be observed that for each intense movement, different characteristics 
of pressure are observed. For example, in the case of bowing during Muslim prayer movements, as reflected in 

Table 3.  Ground reaction force in Muslim prayer (salat) positions expressed as %BW38.

Position

GRF (%BW)

ResultFlexion (X) Abduction (Y) Rotation (Z)

Bowing 0.918 4.295 − 0.21 4.397

Prostration 1.033 3.595 0.043 3.815

Sitting between two prostrations

 Right leg − 3.409 1.327 − 0.031 3.659

 Left leg 1.455 3.097 0.193 3.957

Transition from standing to prostration 0.896 4.221 − 0.326 4.33

Sitting

 Right leg − 3.758 0.645 − 0.07 3.814

 Left leg − 0.384 3.464 0.163 3.489

Table 4.  Velocity component in Muslim prayer  movemens38.

Position

Velocity component

Flexion (X) (rad/s) Abduction (Y) (rad/s) Rotation (Z) (rad/s)

Bowing 0.759 0 0

Prostration − 0.106 0.052 − 0.061

Sitting between two prostrations

 Right leg − 0.278 0 0.192

 Left leg − 0.257 − 0.017 0.009

Transition from standing to prostration 1.061 − 0.035 0

Sitting

 Right leg − 0.271 0.083 0.304

 Left leg − 0.305 − 0.063 0.391
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Fig. 8, in comparison to other cases, the total hip prosthesis with a textured femoral head provides a superior 
pressure distribution, as demonstrated by a higher peak pressure. This advantage is also apparent in the case of 
transition from bowing to prostration during Muslim prayer movements, as illustrated in Fig. 9. It can also be 
seen based on Fig. 10, that the hydrodynamic pressure changes by 62.77% and 1.002%, respectively when sitting 
between two prostrations during Muslim prayer movements on the right and left feet at a 120° angle. Meanwhile, 
when the surface texture model is applied to the prostration during Muslim prayer movements, transition, and 
sitting (right leg), the hydrodynamic pressure value is reduced in comparison to the untextured surface model. 
Additionally, Fig. 10a demonstrates that the addition of surface texture to the femoral head and liner results in a 
decrease of hydrodynamic pressure, which is predominantly negative. Prostration and transition have a maximum 
difference in hydrodynamic pressure of 1.2% and 16.1%, respectively, when compared to the untextured surface 
model depicted in Figs. 9 and 10. The contour of hydrodynamic pressure for prostration movement, as illustrated 

Figure 5.  Five intense movements during Muslim prayer (a) bowing (ruku’), (b) transition from bowing to 
prostration, (c) prostration (sujud), (d) sitting between two prostrations, (e) final sitting (tawarruk).
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Figure 6.  Grid-independent mesh (a) hydrodynamic pressure in the fluid domain, (b) von Mises stress in the 
solid domain.

Figure 7.  Comparison of hydrodynamic pressure predicted by the present study and Noori-Dokht et al.57.

Figure 8.  Hydrodynamic pressure distribution for various patterns for the case of bowing during Muslim 
prayer movements.
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Figure 9.  Hydrodynamic pressure distribution for various patterns for the case of transient during Muslim 
prayer movements.

Figure 10.  Hydrodynamic pressure distribution for various patterns for the case of prostration during Muslim 
prayer movements.

Figure 11.  Hydrodynamic pressure distribution for various patterns for the case of sitting during Muslim 
prayer movements, (a) right leg, (b) left leg.
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in Fig. 13, reveals that the texture liner results in a higher maximum pressure in comparison to the textured 
femoral head case. Nevertheless, the magnitude of the deviation is relatively modest, with a discrepancy of only 
10%. The existence of a dimple texture on the hydrodynamic pressure contour has a similar pressure distribution 
value to the surrounding synovial layer’s surface area, as indicated by the visible color contour.

Based on Tables 5, 6, and Fig. 14, the highest hydrodynamic pressures are sequentially found in bowing, transi-
tion, sitting between two prostrations (left leg), and final sitting (left leg) during Muslim prayer movements with 

Figure 12.  Hydrodynamic pressure distribution for various patterns for the case of final sitting (tawarruk) 
during Muslim prayer movements, (a) right leg, (b) left leg.

Figure 13.  Contour of hydrodynamic pressure distribution during prostration during Muslim prayer 
movements in the case of (a) textured femoral head, (b) textured inner liner.

Table 5.  Maximum hydrodynamic pressure with surface texture during Muslim prayer movements.

Position

Maximum hydrodynamic pressure (Pa)

Textured femoral head Textured inner liner

Bowing 10,380.40 8170.51

Transition from standing to prostration 10,323.40 7109.60

Prostration 1358.09 1187.52

Sitting between two prostrations

 Right leg 9.90 10.32

 Left leg 5819.63 5811.99

Final sitting (tawarruk)

 Right leg 59.11 46.08

 Left leg 4038.22 3627.19
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textured surface variations. Meanwhile, sitting between two prostrations (right leg), final sitting (right leg), and 
prostration during Muslim prayer movements have a relatively low maximum hydrodynamic pressure. Regarding 
the five prayer movements as indicated in Fig. 5, the effect of textured surface can increase the maximum hydro-
dynamic pressure that occurs in synovial fluid where the variation on femoral head has greatest value as shown 
in Fig. 14. The effect of textured surface on femoral head and inner liner increases the maximum hydrodynamic 
pressure up to 25.77% which can be seen in Table 6. This is due to the dimple texture arrangement which acts as 
a lubrication reservoir when they are filled. Furthermore, each dimple can withstand the perspective of the total 
load received by the synovial  layer58. The hydrodynamic pressure value on textured femoral head during Muslim 
prayer movements is greater compared to textured inner liner. This is because the textured femoral head to be 
less prone to  deformation59, therefore making the surface to be maximally filled with synovial  fluid60.

The load support calculation is derived by integrating the surface pressure graph curve using ANSYS soft-
ware. In addition, the computational method employed in the synovial flow simulation incorporates boundary 
conditions while disregarding the occurrence of cavitation. Consequently, the model accounts for the existence 
of negative hydrodynamic pressure. Muslim The prayer movements exhibit the highest load support values as a 
result of textured femoral head variation, as indicated by Fig. 15 and Table 7. The inclusion of dimple on femoral 
head surface in bowing during Muslim prayer movements giving the most significant outcome compared to other 
modifications. The results of this study indicate that the increase on textured femoral head side is comparatively 
more pronounced than on the textured inner liner. The disparity is relatively inconsequential as the texture 
design currently under investigation has not fully taken into account the design considerations of the synovial 
layer in terms of its quantity, arrangement, and parameters. In addition, it can be observed from Table 7 that 
the bowing, sitting (left leg), transition, and final sitting (left leg) during Muslim prayer movements exhibit the 
highest values among the different texture variations.

Table 8 shows the comparison of load support values between the textured and untextured surface model in 
each intense movement during Muslim prayer. The effect of textured surface application on bearing of total hip 
prosthesis increases the load support compared to untextured surface model. This is indicated by an increase in 

Table 6.  Maximum hydrodynamic pressure with and without surface texture during Muslim prayer 
movements.

Position

Maximum hydrodynamic pressure (Pa)

Percentage (%)Untextured surface Textured surface

Bowing 8253 10,380.40 25.77

Transition from standing to prostration 8893 10,323.40 16.08

Prostration 1374 1358.09 1.17

Sitting between two prostrations

 Right leg 16.11 9.90 62.77

 Left leg 5878 5819.63 1.00

Final sitting (tawarruk)

 Right leg 297.7 59.11 403.63

 Left leg 4071 4038.22 0.81

Figure 14.  Comparison of maximum hydrodynamic pressure with surface texture variations during Muslim 
prayer movements. Note: 1-bowing, 2-prostration, 3-sitting between two prostrations (right leg), 4-sitting 
between two prostrations (left leg), 5-transition, 6-final sitting (right leg), 7-final sitting (left leg).
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the value on bowing and sitting between the two prostrations on the left leg during Muslim prayer movements. 
Meanwhile, in other Muslim prayer movements, textured surface reduces the resulting load support value. 
Tables 7 and 8 show negative values for the prostration, sitting between two prostrations (right leg), and final sit-
ting (right leg) during Muslim prayer movements. These values indicate that the model cannot provide sufficient 

Figure 15.  Comparison of load support values with surface texture variations during Muslim prayer 
movements. note: 1-bowing, 2-prostration, 3-sitting between two prostrations (right leg), 4-sitting between two 
prostrations (left leg), 5-transition, 6-final sitting (right leg), 7-final sitting (left leg).

Table 7.  Comparison of load support values with surface texture variations during Muslim prayer movements.

Position

Load support (Pa  m2)

Untextured surface Textured surface

Bowing 5.40 4.05

Transition from standing to prostration 5.28 3.18

Prostration − 0.66 − 0.67

Sitting between two prostrations

 Right leg − 3.08 − 3.27

 Left leg 2.69 2.83

Final sitting (tawarruk)

 Right leg − 2.45 − 2.63

 Left leg 0.96 0.83

Table 8.  Comparison of load support with variations in textured and untextured surface during Muslim 
prayer movements.

Position

Load support (Pa  m2)

Percentage (%)Untextured surface Textured surface

Bowing 3.90 5.40 38.44

Transition from standing to prostration 4.16 5.28 26.93

Prostration − 0.62 − 0.66 7.06

Sitting between two prostrations

 Right leg − 0.60 − 3.08 410.03

 Left leg 2.73 2.69 1.55

Final sitting (tawarruk)

 Right leg − 2.53 − 2.45 3.29

 Left leg 0.85 0.97 13.48
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load support because the hydrodynamic pressure surface plot is in the negative region. Therefore, the load support 
for the three Muslim prayer movements is insufficient due to the design of dual mobility total hip prosthesis.

The finite element analysis of the inner liner component made from UHMWPE and femoral head compo-
nent made from SS 316L and CoCrMo alloy in Fig. 16 (for both materials) indicates that the maximum stress is 
less than the yield strength of UHMWPE (21  MPa61), with a range of 1.1347–3.4377 MPa as shown in Table 9. 
Additionally, the maximum deformation findings of varying materials indicate that the CoCrMo alloy femoral 
head is marginally superior to those manufactured of SS 316L as indicated in Fig. 17. This is because the elastic 
deformation of the components is quite tiny for each prayer movement, less than 0.01 mm. Meanwhile, a study 
of the maximum von Mises stress across two different materials reveals nearly identical findings for each prayer 
movement, with a variation of only around 0.001–0.002 MPa, as seen in Fig. 18.

Figure 16.  The contour of von Mises stress in sitting between two prostrations (right leg) during Muslim prayer 
movements: (a) SS 316L, (b) CoCrMo.

Table 9.  Comparison of maximum von Mises stress and deformation in the inner liner with material 
variations during Muslim prayer movements.

Position

Max. von Mises 
(MPa) Deformation (mm)

SS 316L CoCrMo SS 316L CoCrMo

Bowing 3.4375 3.4377 0.0088 0.0087

Prostration 2.9678 2.9680 0.0117 0.0118

Sitting between two prostrations

 Right leg 1.3938 1.3938 0.0099 0.0098

 Left leg 2.7225 2.7226 0.0071 0.0071

Transition from standing to prostration 3.4075 3.4076 0.0096 0.0096

Final sitting (tawarruk)

 Right leg 1.1347 1.1348 0.0130 0.0130

 Left leg 2.6457 2.6457 0.0113 0.0113

Figure 17.  The contour of deformation in sitting between two prostrations (right leg) during Muslim prayer 
movements: (a) SS 316L, (b) CoCrMo.
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Based on the findings presented in Fig. 19 and Table 10, an examination was conducted to assess the von 
Mises stress on the femoral head utilizing two different materials. The results indicate that there is no statisti-
cally significant disparity in the maximum stress value observed between SS 316L and CoCrMo. The bowing 
movement exhibits the highest recorded value at 50.35 MPa, yet it remains below materials yield strength of SS 
316L (375  MPa62) and CoCrMo (612  MPa63). In the present study, it has been observed that the magnitude of 
deformation in SS 316L and CoCrMo alloys is similar, falling within the range of 0.003–0.005 mm. However, it 
is noteworthy that the CoCrMo alloy demonstrates a relatively lower level of distortion.

Conclusions
Two-way FSI modeling is used to simulate elastohydrodynamic lubrication on the performance of dual mobility 
total hip prosthesis with variation of surface texturing area and femoral head materials. The simulation results 
show that surface texturing application affects the lubrication performance during Muslim prayer movements. 
In addition, the textured femoral head model revealed an increase in hydrodynamic pressure compared to 
untextured femoral head and textured inner liner model. In bowing during Muslim prayer movemens, textured 
femoral head model increases fluid pressure up to 25.77% compared to untextured femoral head and inner liner 
model. However, in some Muslim prayer movements such as prostration, sitting between two prostation (right 
leg), and final sitting (right leg), the pressure decreases compared to that obtained using a untextured surface. 

Figure 18.  Comparison of von Mises stress on the inner liner with material variations during Muslim prayer 
movements. Note: 1-bowing, 2-prostration, 3-sitting between two prostrations (right leg), 4-sitting between two 
prostrations (left leg), 5-transition, 6-final sitting (right leg), 7-final sitting (left leg).

Figure 19.  Comparison of von Mises stress on the femoral head with material variations during Muslim prayer 
movements. Note: 1-bowing, 2-prostration, 3-sitting between two prostrations (right leg), 4-sitting between two 
prostrations (left leg), 5-transition, 6-final sitting (right leg), 7-final sitting (left leg).
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This happens because the number, arrangement, and parameters of texture design currently studied have not fully 
accommodated the design considerations of the synovial layer. The effect of textured surface is very dependent 
on the simulated loading. Therefore, the effect of surface texturing variations should be studied with the load 
support results in each of Muslim prayer movements. Moreover, prostration, sitting between two prostrations 
(right leg), and final sitting (right leg) during Muslim prayer movements has insufficient load support values, 
which triggers direct contact between femoral head and inner liner. The material variation on femoral head in 
alaysis of von Mises stress and deformation shows that CoCrMo has a lower deformation than SS 316L. Therefore, 
CoCrMo femoral head produces better performance in the loading during Muslim prayer movements.

Data availability
The data presented in this study are available on request from the corresponding author.

Received: 24 July 2023; Accepted: 27 December 2023

References
 1. Pakhaliuk, V., Polyakov, A., Kalinin, M. & Kramar, V. Improving the finite element simulation of wear of total hip prosthesis’ 

spherical joint with the polymeric component. Procedia Eng. 100, 539–548 (2015).
 2. Popov, V. L., Poliakov, A. M. & Pakhaliuk, V. I. Synovial joints. Tribology, regeneration, regenerative rehabilitation and arthroplasty. 

Lubricants 9, 1–23 (2021).
 3. Ogulcan, G., Bhat, N. S., Zuber, M. & Shenoy, B. S. Wear estimation of trapezoidal and circular shaped hip implants along with 

varying taper trunnion radiuses using finite element method. Comput. Methods Programs Biomed. 196, 105597 (2020).
 4. Popov, V. L., Poliakov, A. M. & Pakhaliuk, V. I. Improving the endoprosthesis design and the postoperative therapy as a means of 

reducing complications risks after total hip arthroplasty. Lubricants 10, 38 (2022).
 5. Pakhaliuk, V., Poliakov, A. & Fedotov, I. The ceramic modular head improvement in the design of a total hip replacement. Facta 

Univ. Ser. Mech. Eng. 19, 67–78 (2021).
 6. Pakhaliuk, V., Vasilets, V. N., Poliakov, A. & Velyaev, Y. Effect of graphene oxide and plasma treatment on tribological characteristics 

of ultra-high molecular weight polyethylene. Tribol. Ind. 45, 294–301 (2023).
 7. Kalayarasan, M. et al. Computational investigation of various stem designs with different radial clearances in total hip arthroplasty. 

Cogent Eng. 10, 1–13 (2023).
 8. Pakhaliuk, V. I., Vasilets, V. N., Poliakov, A. M. & Torkhov, N. A. Reducing the wear of the UHMWPE used in the total hip replace-

ment after low-pressure plasma treatment. J. Appl. Comput. Mech. 8, 1035–1042 (2022).
 9. Zuber, M., Bhat, N. S., Shenoy, B. S. & Kini, C. Static structural analysis of different stem designs used in total hip arthroplasty 

using finite element method. Heliyon 5, e01767 (2019).
 10. Polyakov, A. et al. System analysis and synthesis of total hip joint endoprosthesis. Procedia Eng. 100, 530–538 (2015).
 11. Pakhaliuk, V. & Poliakov, A. Simulation of wear in a spherical joint with a polymeric component of the total hip replacement 

considering activities of daily living. Facta Univ. Ser. Mech. Eng. 16, 51–63 (2018).
 12. Chethan, K. N., Satish Shenoy, B. & Shyamasunder Bhat, N. Role of different orthopedic biomaterials on wear of hip joint prosthesis: 

A review. Mater. Today Proc. 5, 20827–20836 (2018).
 13. Pakhaliuk, V., Poliakov, A., Kalinin, M., Pashkov, Y. & Gadkov, P. Modifying and expanding the simulation of wear in the spherical 

joint with a polymeric component of the total hip prosthesis. Facta Univ. Ser. Mech. Eng. 14, 301–312 (2016).
 14. Basri, H. et al. The analysis of dimple geometry on artificial hip joint to the performance of lubrication. J. Phys. Conf. Ser. 1198, 

042012 (2019).
 15. Arulkumar, M., Prashanna Rangan, R., Prem Ananth, M., Srividhyasakthi, V. & Aaditya, R. Experimental verification on the 

influence of surface texturing on biomaterials and study of its tribological characteristics. Mater. Today Proc. https:// doi. org/ 10. 
1016/j. matpr. 2023. 01. 172 (2023).

 16. Jarungvittayakon, C., Khantachawana, A. & Sa-ngasoongsong, P. The effect of particle type and size on CoCr surface properties 
by fine-particle shot peening. Appl. Sci. 13, 5814 (2023).

 17. Saran, R., Ginjupalli, K., George, S. D., Chidangil, S. & Unnikrishnan, V. K. LASER as a tool for surface modification of dental 
biomaterials: A review. Heliyon 9, e17457 (2023).

 18. Grigoriev, S. N., Kozochkin, M. P., Porvatov, A. N., Volosova, M. A. & Okunkova, A. A. Electrical discharge machining of ceramic 
nanocomposites: Sublimation phenomena and adaptive control. Heliyon 5, e02629 (2019).

 19. Poliakov, A., Pakhaliuk, V. & Popov, V. L. Current trends in improving of artificial joints design and technologies for their arthro-
plasty. Front. Mech. Eng. 6, 1–15 (2020).

Table 10.  Comparison of maximum von Mises stress and deformation on the femoral head with material 
variations during Muslim prayer movements.

Position

Max. von Mises 
stress (MPa) Deformation (mm)

SS 316L CoCrMo SS 316L CoCrMo

Bowing 50.3548 50.3542 0.0089 0.0035

Prostration 42.3143 42.3143 0.0117 0.0117

Sitting between two prostrations

 Right leg 36.6690 36.674 0.0099 0.0099

 Left leg 36.5730 36.5735 0.0071 0.0071

Transition from standing to prostration 50.1852 50.1840 0.0095 0.0096

Final sitting (tawarruk)

 Right leg 35.0133 35.0153 0.0131 0.0131

 Left leg 39.0356 39.0354 0.0113 0.0118

https://doi.org/10.1016/j.matpr.2023.01.172
https://doi.org/10.1016/j.matpr.2023.01.172


17

Vol.:(0123456789)

Scientific Reports |          (2024) 14:916  | https://doi.org/10.1038/s41598-023-50887-7

www.nature.com/scientificreports/

 20. Chen, J., Zeng, L., Wan, Q., Chen, K. & Lu, Y. Effects of texture geometry on the tribological performance of brass with a TiN 
coating under lubricated rotation. AIP Adv. 9, 101116 (2019).

 21. Zhao, S. et al. Tribological properties of dopamine-modified dimple textured surfaces filled with PTFE. Proc. Inst. Mech. Eng. Part 
J J. Eng. Tribol. 237, 655–666 (2023).

 22. Bei, G., Ma, C., Wang, X., Sun, J. & Ni, X. On the optimal texture shape with the consideration of surface roughness. Sci. Rep. 12, 
14878 (2022).

 23. Wang, F., Chen, L., Liu, K., Tang, H. & Ren, Y. Heat transfer and flow friction characteristics of dimple-type heat exchanger in axial 
piston pump. AIP Adv. 12, 045312 (2022).

 24. A D, W., S B, P. & S S, P. Artificial neural network prediction and grey relational grade optimisation of friction stir processing. 
Cogent Eng. 10, 1–25 (2023).

 25. Modica, F., Basile, V., Surace, R. & Fassi, I. Replication study of molded micro-textured samples made of ultra-high molecular 
weight polyethylene for medical applications. Micromachines 14, 523 (2023).

 26. Popov, V. L., Poliakov, A. M. & Pakhaliuk, V. I. Is it possible to create an “ideal endoprosthesis” for an “ideal total hip replacement”?. 
Prosthesis 5, 1020–1036 (2023).

 27. Ding, S. et al. Geometric influence on friction and wear performance of cast iron with a micro-dimpled surface. Results Eng. 9, 
100211 (2021).

 28. Pakhaliuk, V., Polyakov, A., Kalinin, M. & Bratan, S. Evaluating the impact and norming the parameters of partially regular texture 
on the surface of the articulating ball head in a total hip joint prosthesis. Tribol. Online 11, 527–539 (2016).

 29. Saputra, E., Budiwan Anwar, I., Ismail, R., Jamari, J. & van der Heide, E. Numerical simulation of artificical hip joint movement 
for western and Japanese-style activities. J. Teknol. (Sci. Eng.) 66, 53–58 (2014).

 30. Jamari, J., Ismail, R., Saputra, E., Sugiyanto, S. & Anwar, I. B. The effect of repeated impingement on UHMWPE material in artificial 
hip joint during salat activities. Adv. Mater. Res. 896, 272–275 (2014).

 31. Anwar, I. B. et al. Evaluation of extreme hip joint movement after total hip arthroplasty: A retrospective study. Open Access Maced. 
J. Med. Sci. 9, 1296–1300 (2021).

 32. Saputra, E., Anwar, I. B., Ismail, R., Jamari, J. & Van Der Heide, E. Finite element analysis of the impingement on the acetabular 
liner rim due to wear of the acetabular liner surface. AIP Conf. Proc. 1725, 6–10 (2016).

 33. Saputra, E., Anwar, I. B., van der Heide, E., Ismail, R. & Jamari, J. Study the effect of wear rate on impingement failure of an 
acetabular liner surface based on finite element analysis. Int. J. Mater. Prod. Technol. 55, 340–353 (2017).

 34. Saputra, E., Anwar, I. B., Jamari, J. & van der Heide, E. A bipolar artificial hip joint design for contact impingement reduction. Adv. 
Mater. Res. 1123, 164–168 (2015).

 35. Saputra, E., Anwar, I. B., Ismail, R., Jamari, J. & Van Der Heide, E. The effect of the wear rate on impingement failure confirming 
the relation between impingement failure and wear of the acetabular liner surface based on finite element simulation. in Proceed-
ings of Malaysian International Tribology Conference 54–55 (2015).

 36. Saputra, E., Anwar, I. B., Jamari, J. & Van Der Heide, E. Finite element analysis of artificial hip joint movement during human 
activities. Procedia Eng. 68, 102–108 (2013).

 37. Wibowo, B. S., Wijaya, P. N., Tauviqirrahman, M., Ismail, R. & Muchammad, J. A 3-dimensional computational fluid-structure 
interaction analysis in the hip-joint prosthesis during solat (Prayer) activity. Jurnal Tribologi 20, 125–141 (2019).

 38. Jamari Tauviqirrahman, M. & Husein, H. R. Effect of surface texturing on the performance of artificial hip joint for Muslim prayer 
(Salat) activity. Biotribology 26, 100177 (2021).

 39. Wu, Y. et al. An overview of 3D printed metal implants in orthopedic applications: Present and future perspectives. Heliyon 9, 
e17718 (2023).

 40. Chethan, K. N., Zuber, M., Bhat, S. N. & Shenoy, S. B. Comparative study of femur bone having different boundary conditions and 
bone structure using finite element method. Open Biomed. Eng. J. 12, 115–134 (2019).

 41. Chethan, K. N., Mohammad, Z., Shyamasunder Bhat, N. & Satish Shenoy, B. Optimized trapezoidal-shaped hip implant for total 
hip arthroplasty using finite element analysis. Cogent Eng. 7, 1–14 (2020).

 42. Schilling, D. & Radwan, A. Are athletes ready to return to competitive sports following ACL reconstruction and medical clearance? 
Cogent Med. 7, 1–12 (2020).

 43. Bhat, N. S., Zuber, M. & Shenoy, B. S. Evolution of different designs and wear studies in total hip prosthesis using finite element 
analysis: A review. Cogent Eng. 9, 1–30 (2022).

 44. Shaikh, N., Shenoy, B.S., Bhat, N.S., Shetty, S. Wear estimation at the contact surfaces of oval shaped hip implants using finite 
element analysis. Cogent Eng. 10, 1–14 (2023).

 45. Al-Atawi, N. O., Hasnain, S., Saqib, M. & Mashat, D. S. Significance of Brinkman and Stokes system conjuncture in human knee 
joint. Sci. Rep. 12, 18992 (2022).

 46. Shah, S. A. G. A. et al. Effect of thermal radiation on convective heat transfer in MHD boundary layer Carreau fluid with chemical 
reaction. Sci. Rep. 13, 4117 (2023).

 47. Yao, J. Q., Laurent, M. P., Johnson, T. S., Blanchard, C. R. & Crowninshield, R. D. The influences of lubricant and material on 
polymer/CoCr sliding friction. Wear 255, 780–784 (2003).

 48. Cross, M. M. Rheology of non-Newtonian fluids: A new flow equation for pseudoplastic systems. J. Colloid Sci. 20, 417–437 (1965).
 49. ANSYS. ANSYS Fluent User’ s Guide Releasde 15.0. (2013).
 50. Ammarullah, M. I. et al. Polycrystalline diamond as a potential material for the hard-on-hard bearing of total hip prosthesis: Von 

Mises stress analysis. Biomedicines 11, 951 (2023).
 51. Jamari, J. & Schipper, D. J. Deterministic repeated contact of rough surfaces. Wear 264, 349–358 (2008).
 52. Jamari, J., de Rooij, M. B. & Schipper, D. J. Plastic deterministic contact of rough surfaces. J. Tribol. 129, 957–962 (2007).
 53. Tauviqirrahman, M. et al. Analysis of contact pressure in a 3D model of dual-mobility hip joint prosthesis under a gait cycle. Sci. 

Rep. 13, 3564 (2023).
 54. Hidayat, T. et al. Investigation of mesh model for a finite element simulation of the dual-mobility prosthetic hip joint. Jurnal 

Tribologi 38, 118–140 (2023).
 55. Chethan, K. N., Bhat, S. N., Zuber, M. & Shenoy, S. B. Patient-specific static structural analysis of Femur Bone of different lengths. 

Open Biomed. Eng. J. 12, 108–114 (2019).
 56. Bhawe, A. K. et al. Static structural analysis of the effect of change in femoral head sizes used in Total Hip Arthroplasty using finite 

element method. Cogent Eng. 9, 1–13 (2022).
 57. Noori-Dokht, H. et al. Finite element analysis of elastohydrodynamic lubrication in an artificial hip joint under squeeze film 

motion using fluid-structure interaction method. Proc. Inst Mech. Eng. Part J J. Eng. Tribol. 231, 1171–1183 (2017).
 58. Suri, M. S. M., Hashim, N. L. S., Syahrom, A., Latif, M. J. A. & Harun, M. N. Influence of dimple depth on lubricant thickness in 

elastohydrodynamic lubrication for metallic hip implants using fluid structure interaction (FSI) approach. Malaysian J. Med. Heal. 
Sci. 16, 28–34 (2020).

 59. Celik, E. et al. Mechanical Investigation for the Use of Polylactic Acid in Total Hip Arthroplasty Using FEM Analysis. Lect. Notes 
Networks Syst. 328 LNNS, 17–23 (2022).

 60. Popov, V. L., Poliakov, A. & Pakhaliuk, V. One-dimensional biological model of synovial joints regenerative rehabilitation in 
osteoarthritis. Facta Univ. Ser. Mech. Eng. https:// doi. org/ 10. 22190/ FUME2 20203 014P (2020).

https://doi.org/10.22190/FUME220203014P


18

Vol:.(1234567890)

Scientific Reports |          (2024) 14:916  | https://doi.org/10.1038/s41598-023-50887-7

www.nature.com/scientificreports/

 61. Corda, J. V. et al. Finite element analysis of elliptical shaped stem profile of hip prosthesis using dynamic loading conditions. 
Biomed. Phys. Eng. express 9, 65028 (2023).

 62. Hakim, R. et al. Mechanical properties of Aisi 316L for artificial hip joint materials made by investment casting. Int. J. Adv. Res. 
Eng. Technol. 11, 175–183 (2020).

 63. Corda, J. V. et al. Fatigue life evaluation of different hip implant using finite element analysis. J. Appl. Eng. Sci. 21, 896–907 (2023).

Acknowledgements
The authors fully acknowledged Directorate of Research and Community Service of Ministry of Research, Tech-
nology (DRPM-KEMENRISTEK), and Institute for Research and Community Services (LPPM), Universitas 
Diponegoro for the approved fund which makes this important research viable and effective.

Author contributions
All authors listed have significantly contributed to the development and the writing of this article. All authors 
consent for theta publication of this manuscript.

Funding
The research was funded by World Class Research Universitas Diponegoro Number: 118-23/UN7.6.1/PP/2021 
and Penelitian Fundamental—Reguler Number: 449A-32/UN7.D2/PP/VI/2023.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Performance of textured dual mobility total hip prosthesis with a concave dimple during Muslim prayer movements
	Materials and method
	Governing equation
	Lubricant film thickness
	Viscosity modeling in synovial fluid
	Geometric model
	Solution setup
	Grid independent test
	Validation

	Results and discussion
	Conclusions
	References
	Acknowledgements


