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2-Methacryloyloxyethyl phosphorylcholine (MPC) polymer is applied to an artificial joint for its hydrated 
lubricity. We measured the shear viscoelasticity and its gap dependency of hydrated MPC brush films by a fiber 
wobbling method (FWM) to clarify the hydrated lubrication mechanism. By narrowing the gap, both viscosity 
and elasticity increased, and below a certain gap width, the transition of viscous dominant to elastic dominant 
occurred. This result implies that MPC films act as a low viscous fluid in large gaps, and in the narrowed gaps, 
the film behaves like a solid to prevents contact between surfaces for reducing friction and wear. 
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1. Introduction 

Osteolysis caused by wear particles has been a problem 
limiting the useful life of artificial joints. Ishihara et al. 
reported that 2-Methacryloyloxyethyl phosphorylcholine 
(MPC) polymer was a promising coating material to 
tackle this problem [1][2]. In particular, they reported that 
the brush-like MPC polymer film has high lubricity. 
However, the lubricity mechanism is still not fully 
understood since it is difficult to measure the film's 
mechanical characteristic (viscoelasticity) due to its 
minimal thickness (around 100nm). This research aimed 
to measure the hydrated MPC polymer brush film's 
viscoelasticity and reveal its gap dependency. For the 
measurement, we improved the rheology measurement 
method (fiber wobbling method) developed in our 
previous study so that minute gaps in nanometers' order 
can be measured using optical interference fringes [3]. 

2. Materials and Methods 

We prepared MPC films of which dried thickness is 17 
nm by surface-initiated graft polymerization. A fiber 
wobbling method (FWM) enables us to measure the 
shearing viscoelasticity of nanometer-thick MPC 
polymer brush films (Fig.1). A glass fiber probe with a 
spherical end (radius of 100 μm) shears the sample, and 
its viscoelasticity is measured by optically detecting the 
probe's deflection. A piezo stage controls the shearing 
gap, and we measure the gap by observing the 
interference fringes with the microscope. 
 

 
Figure 1: Schematic of the fiber wobbling method 

3. Results and discussion 

Figure 2 shows the gap dependency of viscosity and 
elasticity. Both started to increase when the gap was 
narrower than 80 nm (see insertion), implying the 
swelling thickness is approximately four times the dried 
state. When the gap decreased to less than 20 nm, the 
elasticity exceeded the viscosity. Note that this gap of 20 
nm roughly corresponds to a dry film thickness. The 
minimum gap achieved in this experiment was 9 nm, 
which means that the compressed MPC polymer 
remained in this gap. According to the result, we consider 
that hydrated MPC film confined in relatively large gaps 
behaves as a low-viscosity fluid, which lowers the 
friction. Conversely, when confined in gaps smaller than 
its dried thickness, the MPC film's elasticity increases, 
enhancing the ability to support loads and prevent direct 
contact between surfaces. We believe that such shearing 
gap-related viscoelasticity is one of the causes of 
hydrated MPC films' high lubricity. 
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Figure 2: Gap dependence of shearing viscoelasticity of 

hydrated MPC polymer brush film 
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