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Fundamental fluid physics helps surgeons
Summary
When surgeons implant cemented stems they generally assume the femoral stem is completely coated
with bone cement. In reality, the bone cement does not thoroughly wet the metal stem and a serious
concern is cavitation or bubbles at the cement/component interface. This leads to reduced bond
strength and the potential for loosening and ultimately implant failure. Understanding the rheology of
the bone cement allows the surgical technique to be modified to enhance wetting and reduce interfacial
porosity.
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Partially cured bone cements are composed of
poly(methyl
methacrylate)
(PMMA)
particles
embedded in a polymerizing methyl methacrylate
matrix. Conventionally, this material is mixed in the
OR from liquid and powder starter materials. Over
the period of about 5-10 minutes the cement begins
to cure at which point the surgeon packs it in the
insertion site and drives the implant in using a
hammer.
This implantation process is poorly
controlled and although it seats the implant properly,
it may not optimize the cement-implant interface. A
simple tool that can be provided to the surgeon that
allows better control of the insertion process and
leverages basic rheological knowledge of how the
cement responds to different oscillatory processes.

Analysis
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Fluids containing particles and polymerizing polymers
rarely exhibit simple rheological behavior.
The
cements used in orthopaedics exhibit strong rate
sensitivity where their apparent viscosity falls as the
imposed frequency increases. Thus, by understanding
the basic rheology of the system, a surgical tool can be
designed that superimposes a rapidly oscillating
deformation on top of the general insertion
deformation, thus improving interfacial porosity and
reducing insertion force for the surgeon.
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Conventional, ubiquitous materials often behave in unusual ways when examined carefully
Understanding the basic science of a process/procedure frequently yields new ways of performing the function
Cambridge Polymer Group has the broad range of disciplines required to perform this efficiently
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Cambridge Polymer Group, Inc. is a contract research
laboratory specializing in materials. We partner with our
clients to solve problems utilizing our multi-disciplinary
research team and full service laboratory.
We work with clients throughout the product life cycle to:
• Develop new materials
• Design prototypes for proof-of-concept studies
• Create and execute experimental design
• Validate and verify manufacturing processes
• Perform root-cause analysis in product failures
Cambridge Polymer Group, Inc. was founded in 1996 to
provide a cost-effective resource for testing, research and
development to clients who need periodic access to
Ph.D.-level scientists and their support structure. We have
developed a host of testing methods and materials for our
clients, which number more than 300.
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