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ABSTRACT INTRODUCTION: Total knee arthroplasty (TKA) is a very common orthopedic procedure used in the treatment of end-stage osteoarthritis. 
Despite the commonality of this procedure, 20% of patients continue to report unsatisfactory outcomes. As the number of individuals receiving total knee 
arthroplasties is only expected to increase, it is important to decipher the causal factor of patients’ dissatisfaction. Cobalt-Chromium (CoCrMo) and 
Titanium-Aluminum (TiAlV) are the replacement metal alloys commonly utilized in TKAs due to their high biocompatibility. Despite their proven track 
record, as in the case with all metal alloys, they are susceptible to corrosion. In addition, a previous study illustrated that lower pH solutions increase the 
corrosion rate of CoCrMo1. This finding underlines the importance of understanding the microenvironment surrounding the implant as it could be 
contributing to the corrosion rate as well as patients’ reported outcomes. We hypothesize that a subset of patients will have a high variability in the 
electrochemical properties of their synovial fluid.  
 
METHODS: IRB approval was first obtained for our study and patient consent was received prior to any surgical procedures performed. A 10cc syringe 
with an 18-gauge needle was utilized to aspirate the synovial fluid by a board-certified orthopedic surgeon. The synovial fluid was then transferred into a 
three-electrode low volume electrochemical cell within 30 minutes of the sample being obtained (Figure 1). Three parameters were then assessed through a 
series of electrochemical tests: Ecorr, Icorr, and corrosion rate. The corrosion potential of the metal, denoted as Ecorr (V), was first determined with a metal 
alloy working electrode (ASTM F1537 CoCrMo rod or ASTM F136 TiAlV rod), an Ag/AgCl reference electrode, and patients’ synovial fluid as the 
electrolyte. Once the corrosion potential, Ecorr, was determined, electrical impedance spectroscopy (EIS) and a linear polarization (LP) scan were run to 
determine the corrosion current of the system- represented as Icorr (µA). A platinum wire was also utilized as the counter electrode. The corrosion current 
(Icorr) was then used to assess the corrosion rate of the metal alloy (mm/year). Statistical outliers for Ecorr, Icorr, and corrosion rate were determined by 
being 2 standard deviations above the mean. A one-tailed t-test was performed between outliers and non-outliers to determine if data was statistically 
significant.  
 
RESULTS SECTION: Upon analysis of Ecorr for CoCrMo, 2 statistical outliers were found out of the 86-person sample size. The average Ecorr for non-
outliers and outliers were 0.05 V and -2.21 V, respectively. In reference to Icorr for CoCrMo, there were 4 statistical outliers found (patient 2, patient 4, 
patient 50, patient 73). The average Icorr with outliers excluded was 1.82 µA while the outlier group had an average of 49.2 µA. A statistically significant 
difference was observed between the two groups (p<0.05). In reference to the corrosion rate for CoCrMo, there were 4 statistical outliers found (patient 2, 
patient 4, patient 50, and patient 73). The average corrosion rate with outliers excluded was 0.012 mm/year while the average corrosion rate for the outliers 
was 0.332 mm/year. A statistically significant difference for CoCrMo corrosion rates was found between the outlier and non-outlier group with a p-value of 
0.01.  
In reference to TiAlV Ecorr, there were 5 statistical outliers found out of the 65-person sample size. The average Ecorr for non-outliers and outliers were      
-0.37 V and -0.57 V, respectively. Furthermore, statistical significance was found with a p value of 0.001. For TiAlV Icorr, there was one statistical outlier 
found with an Icorr of 1.571 µA (patient 2). The average Icorr with patient 2 excluded was 0.306 µA. There were 2 outliers found for TiAlV corrosion rate 
with an average of 0.032 mm/year. The average corrosion rate with outliers excluded was 0.007 mm/year. 
 
DISCUSSION: Two outliers were determined for CoCrMo Ecorr (patient 2 and patient 73); however, a t-test was not performed due to the limited number 
of outliers present. There was a subset of patients found to be outliers for both CoCrMo Icorr and CoCrMo corrosion rate: patient 2, patient 4, patient 50, and 
patient 73. The average CoCrMo Icorr for outliers and non-outliers was significantly different; specifically, patient 50 had an Icorr value of 78.55 µA which 
is substantially higher than the average Icorr of the non-outlier group (1.82 µA). Regarding corrosion rate for CoCrMo, the same subset of patients had a 
significantly higher corrosion rate than the non-outlier group. The highest two corrosion rates were 0.511 mm/year (patient 50) and 0.332 mm/year (patient 
2); these values were also notably higher than the non-outlier group average corrosion rate of 0.012 mm/year.  
Only 65 samples were included in the analysis of TiAlV as there was limited synovial fluid volume remaining after the CoCrMo test. Of note, the outliers 
whose corrosion rates were significantly higher than the non-outlier group (0.007 mm/year) were patient 2 (0.036 mm/year) and patient 53 (0.028 mm/year). 
A t-test was not performed for TiAlV Icorr or TiAlV corrosion rates due to the limited outliers found. As the data obtained is promising thus far, we will 
continue to obtain samples and plan to correlate these findings with patient satisfaction outcomes in the future.  
 
SIGNIFICANCE/CLINICAL RELEVANCE: As previous studies have illustrated the effect of the local environment on CoCrMo corrosion rates, it is 
important to further analyze the electrochemical interactions between patients’ synovial fluid and the implant metal alloys. These electrochemical 
interactions may point to a causal factor of patient dissatisfaction with TKAs.  
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Figure 1. Three-Electrode Electrochemical Cell.            
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