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Summary. This study reports on Bioresorbable composites manufactured using PLA as
matrix and phosphate-based glass fibres as reinforcement. Composites were manufactured
with varying volume fraction (from 25% - 45%) and mechanically tested.

1 INTRODUCTION

Current bone repair implants for use within the body are made from metals, which have
disadvantages such as stress shielding and can remain in the body permanently. Recently, a
move towards degradable composite materials for bone repair applications (to replace metal
plate equivalents) has been viewed as extremely favourable.

Phosphate glasses and fibres are fully resorbable materials and their degradation rates can
be varied easily over several orders of magnitude [1]. The most common and prevalent
components in these glasses are calcium and phosphate ions, which are common constituents
of the body and thus no adverse inflammatory responses are expected.

In this study, fully resorbable composite bone repair plates comprising a polylactic acid
(PLA) matrix reinforced with phosphate glass fibres (PGF) with increasing fibre volume
fraction (Vf) and alternate fibre geometries (random and unidirectional) were manufactured
(with and without screw-holes) and their mechanical properties were ascertained.

'Division of Materials, Mechanics and Structures, Faculty of Engineering, University of Nottingham,
Nottingham, U.K. e-mail: ifty.ahmed@nottingham.ac.uk; web page:
http://www.nottingham.ac.uk/engineering-rg/materialsmechanicsandstructures/pcrg/people/index.aspx
“Division of Orthopaedic and Accident Surgery, Queens Medical Centre, Nottingham, U.K.
http://www.nottingham.ac.uk/scs/divisions/orthopaedicaccidentsurgery/index.aspx



2 MATERIALS AND METHODS

Bioresorbable random mat (RM) and unidirectional (UD) fibre composites were
manufactured via compression moulding at 210°C and 38 bar, utilising PLA as the matrix and
PGF of composition 50P,0s - 40CaO - 5Na,O - 5Fe,O3 in mol% (referred to as P50) as the
reinforcement. Composites with theoretical fibre Vf of 25, 35 and 45% were manufactured
with and without screw-holes (see Table 1 below for sample codes and fibre lay-up for the
composites produced). Three point bend flexural tests were conducted according to EN ISO
14125:1998 on specimens measuring 40 x 15 x 2 mm. Phosphate buffered saline (PBS) was
used as the degradation medium and the mass change of composites was monitored according
to BS EN ISO 10993-13:2010. For SEM analysis, specimens were sputter-coated with Pt and
examined using a XL30 scanning electron microscope (Philips, U.K.) at an accelerating
voltage of 20 kV. Statistical analysis was performed via a one-way analysis of variance
(ANOVA),using GraphPad Prism software (Version 5.01).
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25UD- 1 thick layer N/A 12 UDxl 25 233=4
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35UD- | 2 thick layers NJA 11 UDx2 35 347=1
35UD+
45UD- | 3 thcc layers N/A 10 UDx3 as 277=3

Table 1: Sample codes with numbers of fibre and polymer layers used. Theoretical and actual Vf'is also
included. The + and — signs indicate with and without screw-holes respectively.

3 RESULTS AND DISCUSSION

The flexural modulus values for the composites produced increased with increasing fibre
V1. Similar profiles were seen for the flexural strength profiles also. The mass change profiles
were very similar for the samples with and without screw-holes, where a mass increase with
time was seen during the initial part of the study, after which a decrease was seen at the 7 day
interval. After that no major mass change was observed with the exception of sample 45UD.
The mechanism for mass change was suggested to be wicking of the media along the fibres
disrupting the fibre matrix interface.



Fracture surfaces of the composites were investigated by SEM analysis. A clear difference
could be observed from the fracture surfaces between the 25UDS (Fig 1a) sample and 25UD
(Fig 1b). The fracture surface of sample 25UD8 revealed much shorter fibre pull-out lengths
as compared to 25UD. Accordingly, voids were seen around the surface edge for the degraded
25UD sample whereas none were seen for the degraded 25UDS8 sample. In addition,
increasing fibre volume fraction was clearly observed (Fig 1c), whereas pores and/or channels
were seen within the matrix as the fibres had degraded for 45% Vf samples (Fig 1d).
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Figure la-1d. Representative SEM images of samples before after immersion in PBS at 37°C.

4 ACKNOWLEDGEMENTS

This abstract presents independent research funded by the Department of Health under
the Health Technology Devices programme (HTD 432). The views expressed in this
publication are those of the authors and not necessarily those of the NHS or the Department of
Health

REFERENCES

[1] 1. Ahmed, M.P. Lewis, I. Olsen and J.C. Knowles. Phosphate Glasses for Tissue Engineering:
Part 2: Processing and Characterisation of a Ternary Based P205-CaO-Na20O Glass-Fibre
System. Biomaterials. 2004. Vol 25, Issue no.3. pp 501-507.



	Main Menu
	Author Index
	How to Use This CD-ROM
	Search
	Print

	Table of Contents
	SESSION 23: ABSTRACTS
	Processing Routes for Achieving Multi-Functionality in Reinforced Polymers and Composite Structures
	Deformation and Damage in Fabric-Reinforced Composites Under Bending
	Verifying Molecular Model of Montmorillonite Nanocomposites
	Impact Characterization Diagram for Damage Resistance/Tolerance in Composite Structures
	In-Mould Gel-Coating for Polymer Composites
	Steady-State Debond Growth Along Broken Fibers in Unidirectional Composites During Cyclic Loading
	The Reinforcement of Nanocomposites with Graphene Oxide
	Bioresorbable Composite Bone Fracture Repair Plates: Manufacture and Characterisation
	Effect of Curing Conditions on Mechanical Properties and Chemical Shrinkage in Polymers
	Micromechanical Modeling of Semi-Crystalline Polymer Nanocomposites
	Silica Based Shear Thickening Fluids (STFs) and Their Composites
	Effect of Compatibilizer on Mechanical and Physical Properties of Green Composites Based on High Density Polyethylene and Date Palm Fiber
	Influence of Maghemite in the Dissolution Profile of CotrimoxazoleInserted into Nanocomposites of PLGA-PEG/Maghemite
	Helicoidal Laminates for Energy Absorption
	Amorphized Cellulose as Filler for Innovative Ecocomposites
	Integrated Structures for Aerospace Applications Via Resin Transfer Molding
	Toughness and Strength Performance of Hierarchical Composites
	Fabrication and Characterization of Epoxy Nanocomposites with Graphenes
	Health Monitoring in Composite Materials Using Carbon Nanoreinforcement Networks
	Thermal Degradation Modeling of a Composite Material
	Interaction of Vulcanization and Reinforcement of Nanoclay (MMT) and Cellulose II on Dynamic Property of NR Characterized by RPA2000
	Crosslink Density in Carboxylated Nitrile Rubber Nanocomposites
	Evaluation of Polymer Nanocomposite Degradation During Melt Processing
	Hierarchical Patterning of Nanomaterials for In Situ Discretized Damage Sensing Applications
	Conductive Concrete for Electromagnetic Shielding Applications
	New Proton-Conducting PVA/Clay/Ionic Liquid Nanocomposite Membranes for Anhydrous Fuel Cells
	Polyelectrolytes Based on Speek/TiO2 Nanocomposites for Direct Ethanol Fuel Cells Applications
	Finite Element Simulation of Different Failure Modes for Buckling-Restrained Braces Under Cyclic Loading
	Onset of Fibre/Matrix Debonding on the Surface of Organic Matrix Composites Due to Thermo-Oxidation
	Design Exploration Methodology for Ultra Thick Laminated Composites
	Methodology for Lifetime Prediction of Glass/Polyamide 6-6 Safety Pieces in the Domestic Distribution Network of Drinking Water
	A Multiaxial Fatigue Damage Model for Glass Fibre Reinforced Polymer in Seawater
	Study of the Experimental Low Velocity Impact Phenomenon on Carbon Composites to Support Numerical Simulations
	Numerical Methods for the Study of the Impact Behaviour of Composite Laminates Reinforced with Basalt Fibre
	Recent Developments in Non-Destructive Testing of CFRP Components Using Active Thermography
	Self-Sensing Carbon Nanotube Composites: Synthesis and Characterization
	Carbon Nanotube Reinforced Composite Films on Aluminium Alloy
	Interlaminar Fracture Behaviour and Mechanical Properties of MWCNT Filled Epoxy Fibre Reinforced Composites
	Effect of MWNT on PAN Thermal Stabilization
	Thermal Aging of CFRP Composites for Marine and Aeronautical Applications





