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Purpose: This study aimed at investigating the role of albumin as a boundary lubricant in the lubrication of the Co-Cr
femoral head of artificial hip implants by measuring the tribological parameters of the Co-Cr femora head with
Atomic Force Microscope (AFM) techniques.

Materials and Methods. Samples were prepared from the main wear region of a Co-Cr femoral head from revision
hip surgery. Two types of solutions were prepared as lubricants. PBS (Phosphate Buffered Saline) as a control solution
and BSA (Bovine Serum Albumin) as alubricant at concentrations of 10, 20, 30 and 40 mg/ml in PBS solution.
Results: There were statistically significant differences in the frictional coefficients («) of a Co-Cr head between the
PBS control and al the concentrations of BSA (10, 20, 30, 40 mg/ml) (P<0.001). Similarly, there were statistically
significant differences for the « between the BSA concentrations of 10, 20, 30 and 40 mg/m for all the cases except
between the BSA of 30 and 40 mg/ml (P<0.01).

Conclusion: There exists amaximum protein concentration of BSA to play arole as an effective boundary Iubricant through
adsorption on the surface of Co-Cr femora head.

Key Words: Atomic force microscope (AFM), Bovine serum albumin (BSA), Boundary lubrication,
Tota hip arthroplasty, Co-Cr femoral head
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Fig. 1. (A) Specimen (10x 10 mm? squared area, 5 mm thickness) for AFM analysis was prepared from CoCr femoral head retrieved
from revision surgery. (B) Schematic of Atomic Force Microscope (AFM): AFM device is composed of laser source,
cantilever, photo-detector, and piezo-€electric (PZT) tube scanner.
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FeYstA HaL, o] w) ME9| F=5dE wehA] AFM 22
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Fig. 2. Typica AFM surface topographies over adimension of 25 .m x 25 «m for CoCr femoral head, which are used to calculate surface
roughness (Rq): (A) Three-dimensional AFM image, (B) Two-dimensional AFM image, (C) Average line profile analysis.
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N

. EH HET|(Ra)

FIAE - FE JEZFF 25 umx25 pm WA =
e 29 AFZIRQQ] Hit #2 59.2484+13.813 nm
(n=10) A} (Fig. 2).

3. BFEA 4 (1)

b ZAF (1)E PBSAIA 0.248+0.005 (R2=0.996+
0.005, n=10), 10 mg/ml BSA &8 Mo|x 0195+
0.015 (R2=0.998+0.001, n=10), BSA 20 mg/ml E3&
A4 0.087+0.015 (R2=0.992+0.006, n=10), BSA 30
mg/ml Eg-gA oA 0.069+0.009 (R2=0.994+0.008,
n=10), BSA 40 mg/ml EZFAo]A 0.066+0.022
(R2=0.987%+0.011, n=10)2 &A=} (Fig. 3, 4). One-
Way ANOVA testol|A] AT tj 2 Alo] o] upadA|
7} EAA o2 25ttt (PBS9F 10 mg/ml, 20 mg/ml,
30 mg/ml, 40 mg/ml BSA: p<0.001). 30 mg/ml¥} 40
mg/ml BSA 89 Ato]E A|g 747 thE Fxo BSA
T &9 AtolaM® FAH R Fo3 vhEAT At
°o|& EAtH(p<0.01).
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Fig. 3. Typical plots of friction forces versus norma forces for the lubricants of (A) PBS, (B) BSA of 20 mg/ml, (C) BSA of 40 mg/ml.
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Fig. 4. Thefrictional coefficients () of the CoCr femoral head through AFM was decreased with an increase in the concentrations of BSA.
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