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'ape Memory Polymer/Nylon Lycra
Composites for Orthopedic Casts

A shape memory polymer (SMP) is a plastic that
exhibits the shape memory eftfect.

The goal of this research is to develop a (SMP)-Nylon
Lycra composite cast while showing control over
properties of the material.

Major Findings:
* Testing

* Control

» Application
» Cast



Shape Memory Polymers

Polymer can be deformed
above transition
temperature (T,)

Retains deformity after
cooling

Recovers strain when
reheated above Tg

Shape-memory polymer orthopedic cast
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Figure 1. Schematic for shape storage and deployment of a shape-

memory polymer orthopedic cast. The cast is manufactured in a set

shape. Upon heating above Tg, the cast is stretched and stored in a
temporary shape. The cast is applied, reheated and deployed.




Applications

Smart fabrics (] Xu et Al)
Heat-shrinkable tubing (Heslop et Al)

Intelligent medical devices (Medshape Solution’s
Morphix Suture Anchor)

Minimally invasive surgery implants (Behl and
Lendlein)
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Important Characteristics

Glass Transition Temperature (T,)

Tan Delta
[.oss Modulus

Rubbery Modulus (Liu, Gall and Dunn)
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Stress-Strain

Can stretch 1500% (Behl and Lendlein)
Can recover 800% strain (Voit, Ware, et al.)
Physical entanglements

Chemical crosslinks between chains (Behl and
Lendlein)



Recovery

Two major types of recovery

e Unconstrained free recovery

» Stress recovery under full constraint
Governed by rubbery modulus
Occurs at or near T, (Liu, Yiping, et al.)
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Composites

Different requirements for application

Composite adds or integrates other material
Increase tensile strength and toughness
Nanoparticles (Gall, Dunn, and Liu)
Carbon nanotubes (Ni, Qing-Qing, et al.)
Fiber reinforcement



Research Objectives

Establish full control of polymer T,

Demonstrate the ability to control E,
Impregnate nylon lycra fibers with SMP systems

Assess the stress-strain response of these composites
at different temperatures

Develop a bench top prototype using the chosen
composite system



Preparation

Fox equation approximated proportions
methyl-acrylate (MA)

butyl-acrylate (BA)

isobornyl-acrylate (IBoA)

trimethylolpropane triacrylate (TMPTA)
bisphenol A ethoxylate diacrylate (BPA)
Photo initiator

polymerization under UV light

Teflon molds
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Characterization

Dynamic mechanical analysis (DMA)
Differential Scanning Calorimeter (DSC)

Instron Universal Testing Machine
Scanning Electron Microscope (SEM)



Prototyping

Polycarbonate cylinder

Lycra tubes

Vinyl wrap

Epoxy sealant

2 UV curing cycles
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Fig. 2: Control of Storage Modulus and Tan Delta
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Storage Modulus (MPa)
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Tensile stress (MPa)
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Heat Flow (mW)

Fig 6: DSC Confirmation of T, of Chosen Cast Materials
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Tensile stress (MPa)

Tensile stress (MPa)

Stress-Strain Behavior of Chosen Composites
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Fig 8: Confirmation of Shape Memory Effect
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Conclusions

Current casts:

- Heavy

- Bulky

- Non-adjustable
SMP Casts:

- Lighter

- Easily deployable

- Re-adjustable

- Stronger for smaller size
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Conclusions

Current casts:

- Heavy

- Bulky

- Non-adjustable

SMP Casts:

- Lighter

- Easily deployable

- Re-adjustable

- Stronger for smaller size

This research created a SMP cast for the first time with
properties suitable for medical applications




