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Abstract: This study describes the in-vitro measurement of wear with respect to total knee prostheses and a case 

study is presented. The objectives of a wear evaluation (ISO 14243) are given and test procedures for wear 

evaluation on joint-simulating machines are detailed. Information known about the in vitro conditions which a joint 

prosthesis faces is given, and there is a discussion of the design of a test machine. Finally an overall program for the 

evaluation of the wear behavior of a real artificial knee-joint prosthesis is described. 
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1. Introduction 

Joint replacement surgery is a well-proven 

method of relieving the symptoms of advanced 

osteoarthritis of the knee. This is a very common 

procedure performed in the worldwide 
[1-6]

. While 

this surgery has a high success rate, implants do fail 

by a number of mechanisms. Wear of the ultra-high 

molecular weight polyethylene (UHMWPE) bearing 

component is a major factor in implant failure; some 

studies showing that up to 16% of knee fail due to 

wear 
[7]

. Catastrophic wear can lead to mechanical 

failure. Wear debris has been associated with the 

most common mode of failure, which is aseptic 

loosening 
[8-10]

. Measurement of wear is an important 

part of design assessment. There are two types of 

wear measurements-- in-vivo, and in-vitro simulation 

methods. Currently, there are no satisfactory in vivo 

methods for assessing knee replacement wear 
[1,11-12]

. 

Although in vitro simulation studies may not be 

representative of in vivo wear 
[13-16]

 and have 

frequently resulted in false conclusions 
[17]

, from the 

practical point of view, the current standard method 

of design assessment in vitro wear simulation method 

follows the ISO 14243 standard 
[18-20]

. The aim of this 

study was to evaluate the ISO 14243 method, and a 

case study was shown. 

2. ISO 14243 

ISO 14243 consists of the following parts, 

under the general title “Implants for surgery — wear 

of total knee joint prostheses”: 

Part 1: Loading and displacement parameters for 

wear-testing machines with load control and 

corresponding environmental conditions for test. 

Part 2: Methods of measurement. 

Part 3: Loading and displacement parameters for 

wear-testing machines with displacement control and 

corresponding environmental conditions for test. 

ISO 14243-1 specifies the flexion/ extension 

relative angular movement between articulating 

components, the pattern of the applied force, speed 

and duration of testing, sample configuration and test 

environment to be used for the wear testing of total 

knee-joint prostheses in wear-testing machines with 

load control. ISO 14243-2 specifies methods of 

assessment of wear of the tibial component of total 

knee-joint prostheses using gravimetric techniques 

and changes in dimensional form of components 

tested in accordance with ISO 14243-1. ISO 14243-3 

specifies relative movement between articulating 

components, the pattern of the applied force, speed 

and duration of testing, sample configuration and test 

environment to be used for the wear testing of total 

knee-joint prostheses in wear-testing machines 

having axial load control, flexion/extension angular 

motion control, anterior-posterior displacement 

control and tibial rotation control. 

The kinematics of ISO 14243-3 may not be 

applicable to knee designs with a high degree of 

constraint, which could result in damage to the 

articulating components in the early stages of the test 

that would not be representative of clinical service. 

 

2.1 Principle 

The total knee-joint prosthesis is mounted in 

an apparatus which applies a cyclic variation of 

flexion/extension angle and contact force to the 

interface between tibial and femoral components, 

simulating normal human gait 
[18, 21]

. The tibial 

component is free to move relative to the femoral 
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component under the influence of the applied contact 

forces, this motion having all degrees of freedom 

except for the flexion/extension angle which follows 

a specified cyclic variation.  

The applied contact force actions are axial 

force, anterior posterior (AP) force and tibial rotation 

torque (see Figure 1). The axial force follows a 

specified cyclic variation. The AP force comprises 

two components, one being a specified cyclic 

variation and the other having a magnitude which 

depends on, and is in the opposite direction to, AP 

displacement. Similarly, the tibial rotation torque 

comprises two components, one being a specified 

cyclic variation and the other a rotation torque having 

a magnitude that depends on, and is in the opposite 

direction to, tibial rotation. The load actions that 

depend on the AP displacement and tibial rotation 

correspond to the tensions transmitted by anatomical 

ligaments in normal knee-joint function.  

The contacting surfaces of the femoral and 

tibial components are immersed in a fluid test 

medium simulating human synovial fluid. If 

polymers are the object of investigation, a control 

specimen is subjected to the fluid medium and, 

optionally, to the same time-varying force to 

determine the creep of the test specimen and/or the 

amount of mass change due to fluid transfer. The test 

takes place in a controlled environment simulating 

physiological conditions. The test specimen 

configuration is shown in Figure 2.  

 
1 flexion (of femoral component) 

2 tibial rotation, tibial rotation torque 

3 AP displacement by the tibial component, AP force 

onthe tibial component  

4 axial force 

 

Figure 1 Sign convention for the forces, torques and 

motions, shown for a left total knee replacement 

system. 

 
1 axial force axis 

2 tibial axis 

3 0.07 w offset 

4 holder of tibial component 

5 cement mounting for tibial component 

6 axial force applied through free turning 

pivot(s) 

Figure 2 Test specimen configuration. 

 

2.2 Test Description 

The implant is fixed in neutral position at 

zero degrees flexion. A cyclic variation of the 

flexion/extension angle as well as of the contact force 

during normal human gait is simulated. The 

variations of the axial force, AP force and tibial 

torque with gait cycle are shown in Figures 3-5. The 

tibial component is free to move relative to the 

femoral component under the influence of the 

applied contact forces, this motion having all degrees 

of freedom except for the flexion/extension angle, 

which follows a specific cyclic variation. 

 

 
Figure 3: Variation of the axial force with gait cycle. 
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Figure 4: Variation of the AP force with gait cycle. 

 

 
Figure 5: Variation of the tibial torque with gait 

cycle. 

 

2.3 Methods of measurement 

        Wear can be considered as the material loss 

from components of the prosthetic joint due to 

combined movement and loading. There are two 

methods (Gravimetric method and Dimensional 

change method) in ISO 14243-2 standard.  

Gravimetric method: The test specimen is 

soaked in a lubricant. It is repeatedly removed from 

the lubricant, cleaned, dried and weighed 

until a steady level of fluid sorption is established. 

The test specimen is assessed subsequently for wear 

by testing for loss of mass in a knee-joint simulator. 

A loaded, non-articulating control specimen is 

intended to allow for fluid sorption and undergoes 

the same procedure for reference purposes. 

Dimensional change method: A coordinate 

measuring machine is used to map the articulating 

surface of a total knee prosthesis relative to a 

reference position, direction and plane prior to the 

start of the wear test and at suitable intervals during 

the test. From these data the volumetric change 

between measurements is determined. Loaded 

non-articulating controls are intended to allow the 

effects of plastic flow, mainly occurring in the first 5 

x10
5
 cycles, to be separated from material loss. 

3. Case Study 

3.1 Objective:  

The purpose of this test was to determine 

the wear behavior of tibial insert of U2 Total Knee 

System-PS Type. 

 

3.2 Test standard: 

ISO 14243‐ 1:2009 Implants for surgery 

‐ Wear of total knee joint prostheses ‐  Part 1: 

Loading and displacement parameters for wear 

testing machines with load control and corresponding 

environmental conditions for tests.  

ISO 14243 ‐  2: 2000‐ 10 (Implants for 

surgery ‐  Wear of total knee joint prostheses ‐  Part 

2: Methods of measurement.) (Gravimetric method). 

 

3.3 Acceptance or pass/fail criteria:: 

Acceptance criteria was set as the 

specimen completes the designated 5 x 10
6 

load 

cycles without broken-up or delaminated of the 

articulating surfaces. 

3.4 Specimens and test conditions:  

Specimens (shown in Figure 6):  

United Orthopedic Corporation (U2 Total Knee 

System):  

U2 Posterior Stabilized Tibial Insert (UHMWPE, 

Fixed Bearing) 

U2 Femoral Component PS (CoCrMo) 

U2 Tibial Base Plate (Ti6Al4V) 

Conditions:  

The test specimens were soaked in the fluid 

test medium at 37℃±2℃. Fluid test medium: 

calf serum (25%±2%) diluted with the de-ionized 

water. 

 
Figure 6 Specimen tested. 

 

3.5 Test equipment: 

1. Testing machine: AMTI Force 5, single station 

(Figure 7) 

2. Balance: AND GH-252 (Figure 8) 

3. Ultrasonic cleaner: DELTA D150 (Figure 9) 

4. Vacuum drying system: YSC DP-40V (Figure 

10) 
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The AMTI Force 5 is a servo-hydraulic 

machine with four independent actuators. It provides 

a vertical tension and compression axis with rotation 

about the same axis, and a horizontal axis with 

translation and rotation. With these actuators the 

machine can be used for many different independent 

or combined motions. The AMTI Force 5 is supplied 

with an easily adjustable load frame (24 inch 

clearance between the cross head and the load cell is 

standard) making it suitable for material, fatigue, 

orthopedic, product, and other single and multi-axis 

testing. 

 
Figure 7 Testing machine: AMTI Force 5 

 
Figure 8 Balance: AND GH-252 

 
Figure 9 Ultrasonic cleaner: DELTA D150  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Vacuum drying system: YSC DP-40V 

 

3.6 Results and analysis 

1. Total number of cycles applied: 5,000,000 

cycles. 

2. Descriptions of all the articular surfaces of both 

component femoral and tibial insert  after 

testing completed are as following: 

1. Scratching was a major wear pattern on the 

surface of femoral component (Figure 11). 

2. There were four major wear pattern on the 

articular surface of insert 
[22,23]

, (1) pitting; 

(2) scratching; (3) burnishing; (4) 

deformation (Figure 12).  

3. Burnishing was a major wear pattern on 

insert backside surface (Figure 13)  

 
Figure 11(a) Femoral component: before test 

 

Figure 11(b) Femoral component: after test of 

5,000,000 cycles. 

 

Figure 12(a) Insert: before test
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Figure 12(b) Insert: after test of 5,000,000 cycles. 

 
Figure 13 Insert backside surface after test of 

5,000,000 cycles. 

 

3. The curve of axial force versus 1 cycle was 

shown in Figure 14. 
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Figure 14. Axial force vs. Cycle 

 

4. The insert was only measured first time before 

testing initiation and after testing completion of 

5,000,000 cycles. Table 1 outlined the change in 

mass of tibial insert and insert plus baseplate and 

cement. 

       Wear rate: The loss of insert weight was the 

difference of insert weight before and after tests, 

which divided by 10 was the average wear rate each 

500,000 cycles.  

The total loss of insert: 15.34814 －
15.31051=0.03763 (g) 

Wear rate: 0.03763/10=0.003763 (g/500,000 

cycles) 

 

Table 1. Wear test results 

cycles 0 500,000 1,000,000 2,000,000 

Insert 15.34814 - - - - - - 

Insert+ baseplate+ cement 144.5312 144.6016 144.6005 144.6005 

Cycles 3,000,000 4,000,000 5,000,000  

Insert - - - - 15.31051  

Insert+ baseplate+ cement 144.6221 144.6356 144.4936  

 (Unit: g) 

 

4. Conclusions  
In this study, we have made an overview of 

the vitro wear simulation method that follows the 

ISO 14243 standard. The ISO 14243 standard is 

more practical and widely accepted in industry. The 

results of a real case revealed the specimen was able 

to withstand 5 x 10
6
 cycles without break-up or 

delamination of the articulating surfaces. The total 

loss of insert was 0.003763 g; wear rate of insert was 

3.763 mg every 500,000 cycles. 

 

Acknowledgements 

The authors would like to thank the financial 

support of National Science Council, Taiwan (Project: 

Engineering Analysis and Manufacturing of Human 

Knee Joints and its Prosthesis, NSC 

99-2632-E-230-001-MY3), and specimens and test 

equipment provided by the United Orthopedic 

Corporation. 

 

 

Corresponding Author: 

Jen-Chou Hsiung, PhD 

E-mail : jchsiung@csu.edu.tw 

 

References 

1. A. Short, H.S. Gill, et al., ”A novel method for 

in vivo knee prothesis wear measurement”, 

Chang Gung Journal of Biomechanics 38 

(2005), 315-322. 

2. T. Saba and A. Altameem (2013) "Analysis of 

Vision based Systems to Detect Real Time 

Goal Events in Soccer Videos", Applied 

Artificial Intelligence, vol. 27(7),2013, pp. 

656-667. 

3. T. Saba, S. Alzorani, A. Rehman “Expert system 

for offline clinical guidance and treatment”, 

Life Science Journal, 2012;9(4):pp. 2639 -2658. 

arthroplasty”, Life Science Journal, 2012;9(2). 

4. Jeng-Nan Lee and Kuan-Yu Chang, “An 

Integrated Investigation of CAD/CAM for the 

Development of Custom-made Femoral Stem”, 

mailto:jchsiung@csu.edu.tw


Life Science Journal 2013;10(2)          http://www.lifesciencesite.com 

 

 235 

Life Science Journal, Vol. 7, No. 1, 2009. 

5. T. Saba and A. Rehman. “Effects of Artificially 

Intelligent Tools on Pattern Recognition”, 

International Journal of Machine Learning and 

Cybernetics, vol. 4(2),2012, pp. 155-162.  

6. J.-C. Hsiung, H.-K. Kung, H.-S. Chen, Kuan-Yu 

Chang, "Applications of Thermal Spray 

Coating in Artificial Knee Joints”, Life Science 

Journal , 2012; 9(1). 

7. Engh, G.A., 1998, “Failure of the polyethylene 

bearing surface of a total knee replacement 

within four year. A case report.”, Journal of 

Bone and Joint Surgery—American Volume 70 

(7), 1093-1096. 

8. Massoud et al., 1997, “Early femoral loosening 

in one design of cemented hip replacement”, 

Journal of Bone and Joint Surgery—British 

Volume 79(4), 603-608.  

9. Kadoya et al., 1998,“Wear and osteolysis in 

total joint replacements”Acta Orthopaedica 

Scandinavica Supplement 278, 1-16. 

10. Sharkey et al., 2002, “Why are total knee 

arthroplasties failing today”, Clinical 

Orthopaedics 404, 7-13. 

11. C. F. Kellett, et al., “In vivo measurement of 

total knee replacement wear”, The Knee 11 

(2004) 183-187. 

12. Akiho Hoshino, et al., “Accurate in vivo 

measurement of polyethylene wear in total 

knee arthroplasty” The Journal of Arthroplasty 

17 (4) 490-496, June 2002. 

13. Edidin A.A., et al., “Degradation of mechanical 

behavior in UHMWPE after natural and 

accelerated aging”, Biomaterials 21 (2000), 

1451-1460. 

14. Walker, P.S., et al., “A knee simulating machine 

for performance evaluation of total knee 

replacement”, Journal of Biomechanics 30 

(1997), 83-89. 

15. Burgess J.C., et al., “Development of a six 

station knee wear simulator and preliminary 

wear results”, Pro. Inst. Mech. Eng. [H] 211 

(1997), 37-47. 

16. Hall R.M.,“Wear in retrieved Charnley 

acetabular sockets”, Pro. Inst. Mech. Eng. [H] 

210 (1996), 197-207. 

17. S. Goodman, L. Lidgren, “Polyethylene wear in 

knee arthroplasty, A review”, Acta Orthop 

Scand, 63 (1992), 358-364. 

18. ISO 14243-1 Implants for surgery-Wear of total 

knee-joint prostheses- Part 1: Loading and 

displacement parameters for wear-testing 

machines with load control and corresponding 

environmental conditions for test. 

19. ISO 14243-2 Implants for surgery-Wear of total 

knee-joint prostheses- Part 2: Methods of 

measurement. 

20. ISO 14243-3 Implants for surgery-Wear of total 

knee-joint prostheses- Part 3: Loading and 

displacement parameters for wear-testing 

machines with displacement control and 

corresponding environmental conditions for 

test. 

21. J.H. Shyu, et al., “Kinematic analysis of Knee 

Joint”, The 4
th

 conference of precision 

machinery and manufacturing, Nov. 2004, 

Taipei, Taiwan.  

22. Adolph V. Lombardi Jr, Bradley S. Ellison, 

Keith R. Berend, “Polyethylene Wear Is 

Influenced by Manufacturing Technique in 

Modular TKA”, Clinical Othropaedics and 

Related Res., 466 (2008), 2798-2805. 

23. A. Rehman and T.a Saba (2011). Performance 

Analysis of Segmentation Approach for 

Cursive Handwritten Word Recognition on 

Benchmark Database”. Digital Signal 

Processing, 21, 2011, 486-490.

 

3/14/2013 


