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ABSTRACT BODY:  

Introduction:  
Osteoarthritis (OA) is characterized by the breakdown of hyaline cartilage and synovial fluid (SF) in articular joints. This debilitating disease affects millions 

of people in the US and worldwide. An important pathophysiologic change associated with OA is a decrease in the lubricity of SF due to a decrease in both 

the concentration and molecular weight of hyaluronic acid (HA) which adversely affects the rheological properties of SF1. Currently no pharmacologic 
treatment has been proven to ameliorate the progressive destruction of articular cartilage associated with OA, but high molecular weight HA 

viscosupplements (e.g. Synvisc) injected into afflicted joints have been shown to reduce pain and purported to improve SF rheological properties2. However, 

there is controversy whether HA viscosupplements impart chondroprotection3. To our knowledge, the efficacy of HA viscosupplements to reduce cartilage 
wear has never been evaluated in “worn” cartilage samples, similar to that encountered in OA. We report the synthesis of a novel, hyaluronidase-resistant, 

polymer designed to augment the lubricating properties of SF in OA. Therefore, the aims of this study were 1) to compare the abilities of this polymer 

biolubricant and bovine synovial fluid (BSF) to reduce cartilage wear in previously “worn” cartilage specimens by evaluating the reduction in the coefficient 
of friction (COF) between mated cartilage surfaces subjected to long-duration torsion testing, and 2) using the same wear test, examine the “reversibility” of 

the lubricity imparted by the polymer relative to BSF. 

Methods: 

Biolubricant: A novel 2MDa biolubricant (“2M TEG”) containing pendent PEG chains was synthesized4; TEG chains were added using EDCI coupling in 

phosphate buffer at pH 6 in water. After dialyzing against a 3,400 cut-off at pH=7.4 and freeze drying, the resulting white-powder product was dissolved in 

dI water at 2% by weight to create the lubricant solution.  
COF: Eleven pairs of mated osteochondral plugs with congruent articular surfaces were cored from the femoral groove (12mm diameter) and patella (7mm 

diameter) of skeletally mature cows. The plugs were kept hydrated in solutions containing protease inhibitors and antibiotics throughout all experiments. 

Using saline as the lubricant, the mated osteochondral plugs were subjected to torsional friction testing (Enduratec3230, Bose) consisting of 18% 
compressive strain, 60-min stress relaxation, and 720° rotation at 5°/sec 5. µstatic, µstatic_eq, and µkinetic, representing static and dynamic COF, respectively, were 

calculated: µ = T/(RN), where T = torque, N = normal force, R = radius of contact area. 

Wear Testing: In each wear regimen, the osteochondral plug excised from the femoral groove was rotated against the mated osteochondaral plug excised 
from the patella at 360°/sec for 1260 wear cycles, while under 0.78 MPa compressive stress. Each wear cycle consisted of 720° of clockwise (CW) rotations, 

1440° of counter-clockwise rotations and 720° of CW rotations. After every 20 cycles, the mated plugs were separated for 1 cycle to reintroduce the 

lubricant between the cartilage surfaces. The average COF (µmean) was calculated for wear cycles between successive “lift-offs”. To accomplish Aim1, eight 
mated plug pairs were subjected to three sequential wear regimens, and the first two regimens (Wear 1 and 2) were to progressively “wear” the cartilage, and 

the third cycle was to test the efficacy of each lubricant on “worn” cartilage. For Wear 1 and 2, saline was used as the lubricant, and the plugs were 

recovered in saline overnight between subsequent wear cycles before initiating the third wear regimen (Wear 3) in which the mated plugs were lubricated 

with either BSF (n=4) or 2M TEG (n=4). For Aim 2, to examine the “reversibility” of the lubricity of 2M TEG, three pairs of mated plugs were subjected to 

four sequential wear regimens where the lubricants for each regimen were BSF, BSF, 2M TEG, and BSF, respectively. 

Analysis: ANOVA was used to evaluate the efficacy of 2M TEG as an articular cartilage lubricant for “worn” cartilage specimens compared to BSF by 
comparing the relative percent change in µmean between Wear 3 and Wear 2 over all time points for both lubricants (thereby minimizing variation among 

mated plug pairs subjected to long-duration torsion testing). To examine the reversibility of the lubricity imparted by 2M TEG, the relative percent change in 

µmean between Wear 3 and Wear 2 was compared to the relative percent change in µmean between Wear 4 and Wear 3 for all time points using repeated 
measures ANOVA. 

Results: 

There were no significant differences in the baseline COFs among the mated osteochondral plug pairs used to accomplish Aims 1 and 2: µstatic (p=0.19), 
µstatic_eq (p=0.22), and µkinetic (p=0.90). For Aim 1, when saline was used as the lubricant, the COFs for Wear 1 and 2 plateaued higher than those for Wear 3, 

when either BSF or 2M TEG was used as the lubricant (Figure 1). The relative percent reduction in µmean between Wear 3 and Wear 2 was greatest for 2M 

TEG, followed by BSF (Figure 2), being significantly greater for 2M TEG vs. BSF for all time points except 6080 to 7040 sec. For Aim 2, the mean percent 
reduction in µmean for Wear 3 relative to Wear 2 over all time points was almost exactly the same as the mean increase in µmean for Wear 4 relative to Wear 3 

(↓18.0% vs.↑19.7%, p=0.89, Figure 3). 

Discussion: 

After inducing cartilage “wear” similar to OA by subjecting mated bovine osteochondral plugs to prolonged torsional friction tests using saline as a 
lubricant, BSF and 2M TEG both demonstrated reductions in COF on a subsequent torsional friction test. However, the 2M TEG demonstrated significant 

reductions in µmean compared to the minimal improvement in COF imparted by BSF. The enhanced lubricity of 2M TEG relative to BSF was further 
demonstrated by the reduction in µmean from Wear 2 to Wear 3 in Aim 2, which was reversed when the same mated cartilage specimens were re-tested using 

BSF as the lubricant, and the µmean increased. The substantial reductions in COF, particularly during the plateau region of the COF vs. time curves, suggest 

that 2M TEG might function as a boundary lubricant. To establish the ability of 2M TEG to ameliorate OA progression, repeat ex vivo tests using human OA 
articular cartilage will be conducted followed by in vivo studies to establish that 2M TEG is non-toxic and non-enzymatically degradable.   

Significance:  
By reducing the coefficient of friction for “worn” cartilage in OA joints, synthetic biolubricants such as 2M TEG could help minimize further cartilage wear 
and ameliorate the progression of OA. 
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Figure 1: Coefficients of friction (µmean) results from each wear 

regimen for one representative cartilage plug pair from Aim 1 

tested in the 2M TEG biolubricant for Wear 3. 

 
Figure 2: Percent reduction in coefficient of friction (µmean) 

from Wear 2 to Wear 3 for samples tested in BSF and 2M TEG 

for Aim 1. *2M TEG > BSF (p<0.05). 

 
Figure 3: Mean percent reduction for all time points in 

coefficient of friction (µmean) for Wear 3 relative to Wear 2 and 

mean percent increase in µmean for Wear 4 relative to Wear 3 for 

Aim 2. 


