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Introduction:  
Materials interact with their environment through their 
interfaces. The development of the tissue/implant 
interface is crucial in determining the ultimate biological 
response to the implant (Tirrell, et al. 2002). Much work 
has been carried out to investigate the consequences of 
thermal treatments upon an alloys mechanical/ 
tribological characteristics, but little has been done to 
study its biological ramifications (if any). This study 
investigates the development of protein adsorption on 
three cobalt-chromium-molybdenum (CoCrMo) alloys 
(ASTM-75 98, ISO 5832-4: 1996; BS 7252: Part 4: 1977) 
each with a different post manufacturing thermal 
treatment. Samples include an as cast (AC), solution 
annealed (SA), and a hot isostatically pressed and solution 
annealed (HIP&SA). Results show that protein adsorption 
is influenced by post manufacturing thermal treatments. 
This suggests that the tissue implant/interface and 
therefore ultimate biological response could be altered by 
an alloys metallurgical history. 

Method:
The three CoCrMo samples (supplied by Smith & 
Nephew) were sectioned into 10mm diameter by 2 mm 
thick coupons. Coupons were polished to a finish better 
than 0.1 µm. The polished coupons were then cleaned in 
an ultra sonic bath with acetone, methanol and deionized 
water for 5 minutes each. Protein solutions were prepared 
using foetal bovine serum (FBS) diluted with deionized 
water. A series of eight FBS concentrations varying from 
10-1 to 10-8 v/v were used. The coupons were placed in 
5ml of the FBS solution for 30 minutes to allow protein 
adsorption to occur. Coupons were subsequently removed 
and gently rinsed using Milli-Q water to ensure unbound 
proteins were removed. Quantitative X-ray photoelectron 
spectroscopy (XPS) analysis was used to measure protein 
uptake (Aeimbhu et al., 2005).  XPS analysis was 
conducted using a modified VG Scientific ESCALAB 
MkII electron spectrometer equipped with a Thermo 
Alpha 110 electron energy analyser and a Thermo XR3 
digital twin anode source. The twin anode was operated 
using Al K� X-ray radiation at 300W. Survey spectra 
over 0 - 1350 eV were obtained using a pass energy of 
50eV while high resolution spectra were obtained using a 
pass energy of 20 eV. The adsorption isotherm, a plot of 
uptake at a constant temperature as a function of solution 
concentration, is a means of obtaining information 
regarding protein coverage as well as mechanisms of 
adsorption. Paynter and Ratners (1985) method of 
determining coverage � has been used and is given by 
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where; IN denotes the surface composition of nitrogen, IN
O

is the atomic concentration of nitrogen for monolayer 
coverage, d is thickness of the adsorbed protein, and �
denotes the effective attenuation length. Protein thickness 
(d) was determined using atomic force microscopy 
(AFM) by carrying out section analysis on a Nanoscope 
IIIa AFM (Digital Instruments). The instrument was 
operated in tapping mode using silicon cantilevers with a 
mean resonant frequency of 323 kHz. Images sizes were 1 
by 1 μm2 with 256 by 256 pixels. Imaging was conducted 
in air at room temperature. 

Results:
The results show there are differences in the protein 
uptake between the three alloys. AFM analysis shows the 
conformation and thickness of the adsorbed proteins is 
dependent on the concentration of FBS used. At low FBS 
concentrations (10-8 - 10-6 v/v) the adsorption isotherms 
are similar and show low levels of protein uptake. 
Increasing the FBS concentration increases protein 
uptake. The AC sample develops monolayer coverage at a 
FBS concentration of 10-3 v/v. Prior to monolayer 
coverage, the AC sample develops the highest level of 
protein coverage. The adsorption isotherm for the SA 
sample is similar to that of the AC sample. Monolayer 
coverage is also achieved at 10-3 v/v. Prior to monolayer 
coverage the SA sample has a lower level of coverage 
than that attain by the AC sample. The HIP&SA sample 
shows much lower levels of protein coverage than either 
of the other two samples. Monolayer coverage is achieved 
at a FBS concentration of 10-1 v/v. The experimental 
values of protein uptake are best modelled using the 
Langmuir adsorption isotherm with an R2 value of at least 
0.9998. The Langmuir isotherm is based on a mechanism 
in which the enthalpy of adsorption is independent of 
surface coverage. Other assumptions include; all 
adsorption sites are identical, each site accommodates one 
molecule only, adsorption takes place at well-defined 
localised sites, and there are no interactions between 
neighbouring adsorbed molecules. 

Conclusions:   
Development of the protein conditioning layer has been 
shown to vary on three identical CoCrMo alloys with 
different metallurgical histories. This suggests that the 
development of the implant/tissue interface could be 
different for all three samples, which suggests the way in 
which the three alloys integrate with tissue may differ. 
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