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ABSTRACT 

 

  This study is conducted to analyse lubricated contact of biological implants 

using pin on disk experiment. Numerous studies proven that multiple 

solutions have been used as lubrication for knee implantations in order to 

improve the lifespan of the device. The analysis conducted using Pin on Disk 

Wear and Friction Test Rig and sunflower oil was used in this experiment to 

be compared with dry condition. The material used for the pins were Stainless 

Steel that polished to mirror finishing and disk was fabricated using Rapid 

Prototyping Machine. Three types of materials namely Polylactide (PLA), 

Thermoplastic Polyurethane (TPU) and Acrylonitrile Butadiene Styrene 

(ABS)were printed to 74mm diameter. Additionally, three different speeds 

were applied for the pin on disc experiment to test the effectiveness of the 

material and lubrication. First, 60 RPM for normal running, 90 RPM for 

jogging and 360 RPM for running. It is found that the experiment's results 

demonstrate that the higher the speed, the higher the wear rate. In 

comparison with dry and wet condition experiment, result with added of 

sunflower oil shows lesser wear rate after run for 1800 seconds. Based on the 

results obtained, it is proven using lubrication reduced in wear and 

coefficient of friction.  

 

Keywords: Wear and Coefficient of Friction; Lubrication; Pin on Disk; Knee 

Implants 

 
 

Introduction 
 
Cartilage is a type of fibrous tissue that can be found all over the body. 

Cartilage is a tough and flexible substance. Cartilage injury is generally 



M. Mazwan Muhat et al. 

38 

 

accompanied by joint pain, rigidity, and a rash. Cartilage degrades over time 

as a result of excessive motion in daily living, which can develop to Arthritis 

and Osteoarthritis (OA). Articular cartilage that covers the surface of joints is 

made up of a layer called hyaline articular cartilage, which is white and dense 

in a healthy joint. The articular cartilage acts as a barrier to divert the pressures 

that are put on joints when they move quickly. This helps the bones to better 

support each other [1]. The knee joint is one of the body's biggest synovial 

joints as these joints carry nearly a person's entire body weight, they are 

particularly prone to severe injury and osteoarthritis[2]. Knee osteoarthritis 

(OA) is widespread, and the likelihood of developing OA increases with age. 

According to a study, almost fifty percent of people aged 65 and above have 

osteoarthritis (OA), making it the most common form of joint disease in the 

world[3]. In Malaysia, the most often diagnosed kind of Osteoarthritis is Knee 

Osteoarthritis[4]. Numerous therapy options for knee OA are indicated, 

including pharmacological, and non-pharmacological approaches[5]. Knee 

Osteoarthritis is treated surgically using arthroscopy, cartilage repair, knee 

replacements, and knee arthroplasty, among other procedures. Patients 

suffering from OA, as well as the location, stage, and presence of 

comorbidities, all have an impact on which of these operations is the best 

option for them[6]. 

Total Knee Replacement (TKR) surgery may be the most suitable line 

of treatment when the pain associated with this condition is unbearable using 

nonsurgical methods. The goal of this operation is to replicate a knee joint that 

is pain-free, totally functional, and long-lasting[7]. This procedure involves the 

replacement of a patient's damaged knee tissue joint with a prosthetic implant. 

In the United States, approximately 700,000 TKR procedures are performed 

each year; this figure is expected to rise as the prevalence of degenerative joint 

illnesses such as arthritis rises, as well as the efficacy of prosthetic knee 

implants in enhancing a patient's function and quality of life[8]. Several aspects 

need to consider while performing artificial replacement or implant surgery to 

ensure the implant is functional for a longer duration. Friction and wear are 

two main factors that may affect the lifetime of an artificial implant[9]. Friction 

is created when surfaces come into contact with relative motion, causing 

undesirable heat and material wear. One possible approaches to reduce this 

unwanted wear is to use lubricant[10].Lubricants play a critical role in global 

industrial and economic development, minimising friction and wear in 

mechanical contacts[11]. By keeping a fluid coating between the surfaces in 

contact, lubricant reduces the likelihood of metal-to-metal contact[12]. 

Synovial fluid (SF) is formed when plasma is filtered through the capillary net 

and diffuses into the knee joint, where it is supplemented with locally 

synthesised Hyaluronic Acid(HA), which gives SF its distinctive viscosity[13]. 

Vegetable oils has been identified as a possible source of environmentally 

friendly lubricants. Sunflower oil, which types of vegetable oil reduce wear 

and coefficient of friction[14]. Adding the Hyaluronic Acid additive to the 
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sunflower oil lubrication contributes in increasing the viscosity of synovial 

fluid to a level that is suitable for the human body to reduce the wear in the 

implants[15], [16].This experiment using Pin on Disk Wear Test Rig featured 

the application of sunflower oil lubrication and Hyaluronic Acid (HA) as 

additive in the TKR to indicate the wear and the coefficient of friction for the 

user's prosthetic knee over the course of the investigation. For several years, 

various forms of research and experiments have been conducted to address this 

issue. For the year 2021, the total number of publications identified on Google 

Scholar through a simple search for the phrase 'lubrication for artificial joint' 

is around 1,980 papers and journals from various nations. 

 

 

Methodology  

This experiment started from choosing the suitable material for disc and pins 

which can be suit to the human body. The disc designed using SOLIDWORKS 

software. Afterwards, choosing the finest lubrication that suit the criteria of 

knee condition which include other parameters such as material, load, speed 

and time. Next, the process of preparing the samples, followed by experiment 

process and lastly, obtained and record the results.  

The material chosen among the thermoplastics which are accessible for 3D 

printing, Polylactic acid (PLA) and Acrylonitrile Butadiene Styrene (ABS) as 

in Table 1, which are the most common filament materials [17] while 

Thermoplastic Polyurethane(TPU) discs were fabricated from TPU sheet. For 

TPU material, multiple sheets of TPU measuring 600 mm wide, 650 mm long, 

and 4 mm in thickness were ordered from Euroshore Sdn Bhd. The sheet was 

then cut round with a 74 mm diameter and a 4 mm thickness. For TPA and 

ABS material, the discs were produced using 3D printing machine 

 

Discs Preparation  

 

Table 1:  Material Properties for Disc 

 

Materials Used 
Value of 

Poisson Ratio 

Young 

Modulus 

(N/mm²) 

Yield 

Strength 

(MPa) 

Polylactic Acid (PLA)[18] 0.387 2410 21 

Acrylonitrile Butadiene 

Styrene (ABS)[19] 
0.36 3500 70 

Thermoplastic Polyurethane 

(TPU)[20] 
0.38 2240 20 

The dimension for the disk was obtained from the disk designed at the 

SOLIDWORK software as in Figure 3. Ultimate Cura in STL format used to 
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customize the disc model's infill density and layout. Printing process began by 

setting the plastic filament up to 185 degrees Celsius. The bed temperature has 

been set to 45 degrees Celsius. The printing can start right away as soon as it 

reaches the preheat setting. During PLA printing, the temperature of the nozzle 

must be 200 degrees Celsius and 60 degrees Celsius to make sure the melted 

filaments can flow out of the nozzle and stick to the 3D printer. 

Once the disc is printed, there are print lines have been detected on the 

surface of the disk that need to be removed. Tetrahydrofuran Chemical has 

been applied using brush to rub on the surface of the disk to diminish the print 

lines for PLA disc. Rubbing process is completed as in which must be done in 

the fume chamber at the material laboratory because the chemical smell was 

too strong which can affect respiration system. 

 
Pin Preparation 
A 1-meter-long pin purchased at a hardware store is cut into several pieces 

using the cutting tool which was abrasive cutter. The pin chosen was made of 

stainless-steel material. The requirement for the pin to be used in the pin on 

disk experiment is 25mm in length and 8mm in diameter. The number of pins 

needed were 18 pins.  After the pin is cut into pieces, the pin will go through 

the grinding process to ensure a good finishing. The last process for pin 

production to produce a mirror-like pin is the Polishing Process. Pins polished 

using 9- micron Alumina powder to produce mirror-like surface.  

 

Lubrication Preparation  
Based on several research works conclude that sunflower seed oil has an 

excellent tribological properties. Thus, this oil is use as lubricant to mimic the 

synovial fluid in the knee implantation to test the effectiveness to reduce wear 

during the experiment. 5ml hyaluronic acid has been blend with 1.5L of 

sunflower oil as the additive and to determine its effect on the wear of PLA, 

ABS and TPU disc. 

Pin on disk Tribometer Test  
Pin on Disc Wear and Friction test rug machine operated to investigate wear 

and friction analysis. The load that has been applied was constantly 7.5kg and 

but with different speed which were 60 RPM, 90 RPM and 360 RPM which 

represents different kind of motions. The lubrication applied was sunflower 

oil. For all experiments, the sliding time set at 30 minutes. The disk will rotate 

and come into contact with the pins. This process creates wear on the disc 

surfaces. 
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Result and Discussion 
 

The effect of polymers was discussed after it undergo three different activities 

as in Table 2 for 1800 seconds.  

 

Table 2: The activity and the utilize speed 

 

Activity Speed utilizes 

Walking 60 RPM 

Jogging 90 RPM 

Running 360 RPM 

Effect of load to the Wear  
For the graph at Figure 1, shows material PLA exhibit the highest wear 

compared to TPU and ABS. However, as the sliding time increase, the value 

slowly reduced. TPU material shows negative results, due to the flexibility 

material itself. Before the experiment started to run, the stainless pin pressed 

the TPU disk when the load applied, this has created a mini slope and uneven 

surface thus produce negative value to the during the run. For 90 and 360 RPM 

speed, both graphs illustrate ABS material has the highest line followed by 

PLA as shown in Figure 2 and Figure 3. This similarity may due to similar 

method approaches in producing the disc which is through the 3D printing 

method. ABS has the weak characteristic compared to these two materials. 

Thus, during the experiment, ABS creates the highest wear which explains on 

the reasons it gives the highest value of wear against sliding time. 

 

 

 

Figure 1: Wear VS Sliding Time for 60 RPM 
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Figure 2: Wear VS Sliding Time for 90 RPM 

 

  
 

Figure 3: Wear VS Sliding Time for 360 RPM 
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Figure 4: Wear VS Sliding Time for 60 RPM and 5%HA 

 

Figure 5: Wear VS Sliding Time for 90 RPM and 5%HA 

 

Figure 6: Wear VS Sliding Time for 360 RPM and 5%HA 

 
Wear Comparison 
The graph shown in Figure 7 are the comparison of the wear in present research 

which is oil lubrication vs dry lubrication which own by previous student, 

Nadiah et. al (2020). At the speed of 60 RPM, dry lubrication obtained higher 

wear compared to sunflower oil lubrication, which has lower value in wear in 

a range of differences which are 18% percent. It is proven that by adding 

lubrication, it able to reduce friction between pin and disc surfaces and reduce 

the wear rate of the disc. By increasing the load causes the asperities’ surfaces 

to flatten at a fix contact area may result in reducing the wear and friction [23]. 

-200

0

200

0 400 800 1200 1600

W
ea

r,
 m

ic
ro

n

Time, s

Wear VS Time (60 RPM)

PLA

ABS

TPU

-200

0

200

0 400 800 1200 1600

W
ea

r,
 m

ic
ro

n

Time, s

Wear VS Time (90 RPM)

PLA

ABS

TPU

-100

-50

0

50

0 400 800 1200 1600

W
e
a

r,
 m

ic
ro

n
 

Time, s

Wear VS Time (360RPM)

PLA

ABS

TPU



M. Mazwan Muhat et al. 

44 

 

While as the sliding velocity increases, it causes the surface temperature to rise 

and adhesive forces between the contact surface to decrease [24]. 

 

 

Figure 7: Wear vs Sliding Time for dry lubrication vs oil lubrication 
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Figure 8: Comparison of COF at 90 RPM speed 
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reduces friction to greater extend. Hence, this conclude the amount of wear is 

low in wet sliding condition compared to dry sliding condition. 

 

 

Conclusion 
 
In a nutshell, the wear and coefficient of friction in dry test and oil lubrication 

using pin on disk experiment were obtained. From this study, it is found that 

the characteristic of materials such as PLA, ABS and TPU can mimic natural 

cartilage for the knee implants. It was tested under lubricated conditions of 

biological implants on different speed. These speed pattern results show that 

using lubrication has reduced the wear and coefficient of friction. The value 

for wear for six results are below 100 micron which are a low value compared 

to dry lubrication that have highest value of wear up until 2000 micron. Lastly, 

the wear percentages difference between present research which is oil 

lubrication compared to dry lubrication are 18 percent.  

 

 

Acknowledgement 

This project was supported by Ministry of Higher Education through the 

Fundamental Research Grant Scheme FRGS No 600-IRMI/5-3(435/2019). 

The authors would like to acknowledge the School of Engineering Universiti 

Teknologi MARA, UiTM Shah Alam for providing laboratory equipments. 

Significant contributions from Mr Azizi Che Soh, the assistant engineer from 

Centre of Tribology UITM Shah Alam is highly appreciated.  

 

 

References  

[1] S. A. Hosseini, R. Mohammadi, S. Noruzi, R. Ganji, F. Oroojalian, and 

A. Sahebkar, Evolution of hydrogels for cartilage tissue engineering 

of the knee: A systematic review and meta-analysis of clinical studies, 

vol. 88, no. 1. Société française de rhumatologie, 2021. 

[2] O. Hussain, S. Saleem, and B. Ahmad, “Implant materials for knee and 

hip joint replacement: A review from the tribological perspective,” 

IOP Conf. Ser. Mater. Sci. Eng., vol. 561, no. 1, 2019, doi: 

10.1088/1757-899X/561/1/012007. 

[3] D. Xing et al., “Osteoarthritis and all-cause mortality in worldwide 

populations: Grading the evidence from a meta-analysis,” Sci. Rep., 

vol. 6, pp. 1–7, 2016, doi: 10.1038/srep24393. 

[4] A. Aris, S. Sulaiman, and M. K. Che Hasan, “The influence of music 

therapy on mental well-being among postoperative patients of total 

knee arthroplasty (TKA),” Enferm. Clin., vol. 29, pp. 16–23, 2019, doi: 



M. Mazwan Muhat et al. 

46 

 

10.1016/j.enfcli.2019.04.004. 

[5] I. K. Haugen, B. Slatkowsky-Christensen, P. Bøyesen, D. van der 

Heijde, and T. K. Kvien, “Cross-sectional and longitudinal 

associations between radiographic features and measures of pain and 

physical function in hand osteoarthritis,” Osteoarthr. Cartil., vol. 21, 

no. 9, pp. 1191–1198, 2013, doi: 10.1016/j.joca.2013.04.004. 

[6] K. Rönn, N. Reischl, E. Gautier, and M. Jacobi, “Current surgical 

treatment of knee osteoarthritis,” Arthritis, vol. 2011, p. 454873, 2011, 

doi: 10.1155/2011/454873. 

[7] S. Zanasi, “Innovations in total knee replacement: New trends in 

operative treatment and changes in peri-operative management,” Eur. 

Orthop. Traumatol., vol. 2, no. 1–2, pp. 21–31, 2011, doi: 

10.1007/s12570-011-0066-6. 

[8] D. Nečas et al., “Towards the understanding of lubrication 

mechanisms in total knee replacements – Part I: Experimental 

investigations,” Tribol. Int., vol. 156, 2021, doi: 

10.1016/j.triboint.2021.106874. 

[9] H. Bhatt and T. Goswami, “Implant wear mechanisms - Basic 

approach,” Biomed. Mater., vol. 3, no. 4, 2008, doi: 10.1088/1748-

6041/3/4/042001. 

[10] S. C. Scholes and A. Unsworth, “The effects of proteins on the friction 

and lubrication of artificial joints,” Proc. Inst. Mech. Eng. Part H J. 

Eng. Med., vol. 220, no. 6, pp. 687–693, 2006, doi: 

10.1243/09544119JEIM21. 

[11] N. Noorawzi and S. Samion, “Tribological Effects of Vegetable Oil as 

Alternative Lubricant: A Pin-on-Disk Tribometer and Wear Study,” 

Tribol. Trans., vol. 59, no. 5, pp. 831–837, 2016, doi: 

10.1080/10402004.2015.1108477. 

[12] W. K. Shafi, A. Raina, and M. I. Ul Haq, “Friction and wear 

characteristics of vegetable oils using nanoparticles for sustainable 

lubrication,” Tribol. - Mater. Surfaces Interfaces, vol. 12, no. 1, pp. 

27–43, 2018, doi: 10.1080/17515831.2018.1435343. 

[13] E. Pascual and V. Jovaní, “Synovial fluid analysis,” Best Pract. Res. 

Clin. Rheumatol., vol. 19, no. 3 SPEC. ISS., pp. 371–386, 2005, doi: 

10.1016/j.berh.2005.01.004. 

[14] N. J. Fox, B. Tyrer, and G. W. Stachowiak, “Boundary lubrication 

performance of free fatty acids in sunflower oil,” Tribol. Lett., vol. 16, 

no. 4, pp. 275–281, 2004, doi: 

10.1023/B:TRIL.0000015203.08570.82. 

[15] A. M. Trunfio-Sfarghiu, Y. Berthier, M. H. Meurisse, and J. P. Rieu, 

“Multiscale analysis of the tribological role of the molecular 

assemblies of synovial fluid. Case of a healthy joint and implants,” 

Tribol. Int., vol. 40, no. 10-12 SPEC. ISS., pp. 1500–1515, 2007, doi: 

10.1016/j.triboint.2007.02.008. 



Wear Characterization Analysis of Total Knee Replacement (TKR) Implant Materials 

47 

 

[16] E. A. Balazs, D. Watson, I. F. Duff, and S. Roseman, “Hyaluronic Acid 

in Synovial Fluid. I. Molecular,” Arthritis Rheum., vol. 10, no. 4, 1967. 

[17] K. Mikula et al., “3D printing filament as a second life of waste 

plastics—a review,” Environ. Sci. Pollut. Res., vol. 28, no. 10, pp. 

12321–12333, 2021, doi: 10.1007/s11356-020-10657-8. 

[18] H. Lee, R. I. Eom, and Y. Lee, “Evaluation of the mechanical 

properties of porous thermoplastic polyurethane obtained by 3D 

printing for protective gear,” Adv. Mater. Sci. Eng., vol. 2019, 2019, 

doi: 10.1155/2019/5838361. 

[19] A. M. Díez-Pascual, “Synthesis and applications of biopolymer 

composites,” Int. J. Mol. Sci., vol. 20, no. 9, 2019, doi: 

10.3390/ijms20092321. 

[20] B. Galindo et al., “Effect of the number of layers of graphene on the 

electrical properties of TPU polymers,” IOP Conf. Ser. Mater. Sci. 

Eng., vol. 64, no. 1, 2014, doi: 10.1088/1757-899X/64/1/012008. 

[21] C. W. C. B. Aldousiri, A. Shalwan, “A review on tribological 

behaviour of natural reinforced composites,” Adv. Mater. Sci. Eng., 

vol. 2013, pp. 1–9, 2013. 

[22] U. K. Vates, N. J. Kanu, E. Gupta, G. K. Singh, N. A. Daniel, and B. 

P. Sharma, “Optimization of {FDM} 3D Printing Process Parameters 

on {ABS} based Bone Hammer using {RSM} Technique,” {IOP} 

Conf. Ser. Mater. Sci. Eng., vol. 1206, no. 1, p. 12001, 2021, doi: 

10.1088/1757-899x/1206/1/012001. 

[23] J. S. Hou, M. H. Holmes, W. M. Lai, and V. C. Mow, “Boundary 

conditions at the cartilage-synovial fluid interface for joint lubrication  

and theoretical verifications.,” J. Biomech. Eng., vol. 111, no. 1, pp. 

78–87, 1989, doi: 10.1115/1.3168343. 

[24] J. Salguero, J. M. Vazquez-Martinez, I. Del Sol, and M. Batista, 

“Application of Pin-On-Disc techniques for the study of tribological 

interferences in the dry machining of A92024-T3 (Al-Cu) alloys,” 

Materials (Basel)., vol. 11, no. 7, pp. 1–11, 2018, doi: 

10.3390/ma11071236. 

 

 


