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EXECUTIVE SUMMARY

Teleflex Medical OEM, in conjunction
with researchers at the University of
Connecticut, has developed a tough,
high-modulus composite with potential
for bone fixation. Fabricated from

a unidirectional, fibrous PLLA/apatite,
the composite exhibits excellent
mechanical properties which correlate
to those of natural bone while featuring
excellent surface bioactivity. The entire
composite is bioabsorbable whereby a
device made from the composite will
gradually be replaced by natural bone
tissue at the implantation site. Early
studies indicate integration can occur
firmly and permanently with the
surrounding tissue. In addition, such
prepared composites may have the
potential to be used to control

the release of growth factors to enhance
bone cell stimulation.

BONE FIXATION MATERIAL DEVELOPMENTS
IN ORTHOPEDIC SURGERY

Use of metal and ceramic implantation devices

Currently, bone fixation implants such as metal plates, intra-
medullary rods, and screws are constructed of either titanium

or stainless steel. These metals are chosen for their biocompatibility,
high mechanical strength, and a bending modulus that is greater
than cortical bone. However, because these metals are so stiff, they
absorb much of the stress in load-bearing applications (stress
shielding), causing any new tissue growth at the implantation site
to be relatively weaker. In addition, continued use of these implants
may lead to adverse reaction in a patient’s body as the metal,
though selected for its inert properties, has the potential to leach
into the patient’s system, thus requiring a second surgery for
removal of the implant.

Non-fibrous composites have been prepared using a variety

of methods. The combinations of various nonabsorbable and
absorbable polymers with calcium-based materials are well accepted
by surgeons. For example, polymer composites are very useful in
orthopedic surgery while biocompatible polymers and polymer
ceramic composites have been used for tissue graft applications.
But, most of these non-fibrous composites have relatively poor
mechanical properties that cannot meet the strength and toughness
demands of many biomedical applications, such as load-bearing
skeletal implants.

Research has now turned to the development and introduction of
biomaterials into load-bearing fixation procedures. The Teleflex
Medical OEM research team has joined the effort in exploring this
technology and has identified key parameters in meeting these
needs. Ideally, a successful implant device will have:

1) Stiffness and other mechanical properties similar

to the natural cortical bone.
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Figures 1 A and B

The alignment of HA on PLLA fibers in a
polymer matrix increase the flexural modulus
of the composite.
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2) The ability to foster new bone growth.

3) The ability to gradually degrade over time
with the replacement of the new bone tissue.

Understanding the mechanical properties
of cortical bone

Structurally, bone is a composite consisting of inorganic
hydroxyapatite crystals (HA) and an organic mix composed of mostly
collagen fiber with small amounts of other proteins. A key aspect is
that the collagen fibers are aligned in bundles that contain apatite
nano-crystals aligned along the fiber axis. This structural alignment is
the foundation of the multi-level hierarchial structure of bone and
contributes to bone’s natural resistance to bending. To be successful,
a biocompatible synthetic bone composite must mimic this
important orientation of components to achieve the mechanical
properties of bone.

TELEFLEX MEDICAL OEM’S BIOCOMPATIBLE
COMPOSITE MIMICS NATURAL BONE

Alignment of fibers help achieve
desired stiffness

The Teleflex Medical OEM research has been devoted to the
fabrication of synthetic implants that support natural bone
structurally, mechanically, and biologically. Proper alignment of HA
in the polymer matrix has been shown to be essential to gaining the
levels of stiffness needed in polymer-matrix composites based on
completely degradable polyesters. A successful absorbable bone-
fixation device must be as strong as the surrounding bone tissue and
it must be able to retain that strength until the bone heals
completely.

The research team has fabricated a uniaxial fibrous/HA composite
that successfully mimics natural cortical bone in mechanical strength,
promotes bone growth, and biodegrades over time. The research
team’s approach has been to coat poly-L-lactic acid (PLLA) fibers
with oriented HA (figures 1 A and B) in order to increase the flexural
(bending) modulus and bind the apatite-coated fibers together

in a bioabsorbable polyester resin. The researchers determined that
proper alignment of HA in the polymer matrix is essential for gaining
the levels of stiffness needed in polymer-matrix composites based

on completely degradable polyesters.



Figure 2
Novel bone composite provides flexibility
and strength to surrounding tissue.

Figures 3 A, B and C
Scanning electron micrographs of successful
osteoblast growth on HA-coated PLLA fibers.

The flexural modulus of the resulting composite reached
approximately 8 GPa, which falls within the flexural modulus for
cortical bone (6.5 to 30 GPa). These composites exhibit very good
toughness. They do not fracture when bent at 90° (figure 2), proving
that it is possible to prepare an implant that is flexible enough to
avoid stress shielding and strong enough to provide mechanical
support to the body.

In addition, these dense composites may feature a porous bioactive
layer that facilitates cell attachment and promotes healthy bone
ingrowth that will eventually replace the bioabsorbable fiber
(figures 3 A, B and C).

PARTNER WITH TELEFLEX MEDICAL OEM
TO EXPLORE POTENTIAL APPLICATIONS
OF THE NOVEL BONE COMPOSITE

The hydroxyapatite bone composite material, available through
Teleflex Medical OEM, has the potential to present an important
advancement in the field of biocompatible materials for the health
care industry. The material’s unique structural and mechanical
properties give it tremendous potential for a variety of applications as
bioabsorbable orthopedic devices, which could include pins, screws,
plates, and suture anchors. Initially, the composite material will be
available in plate form (figure 2). Rod production is within the scope
of future research activities.

With the novel composite material, Teleflex Medical OEM intends

to enhance its position as a major innovator and manufacturer

of custom medical devices and products for the orthopedic industry.
By concentrating on strategic collaborations, Teleflex Medical OEM
will build a diverse portfolio of biocompatible orthopedic products.
Teleflex Medical OEM welcomes inquiries from health care companies
interested in customized applications of the composite material.

www.teleflexmedicaloem.com ¢ 3
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CONTACT INFORMATION

OEM Corporate Headquarters
Teleflex Medical OEM
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Kenosha, WI 53144 USA

Phone: 262-657-2800
Fax: 262-657-2801
E-mail: oeminfo@teleflexmedicaloem.com

Web: www.teleflexmedicaloem.com

Europe/Asia
Teleflex Medical OEM
Units 6 - 9

Annacotty Business Park
County Limerick, Ireland
Phone: 353 61-331906
Fax: 353 61-330725
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ABOUT TELEFLEX MEDICAL OEM

Innovation is what Teleflex Medical OEM is all about. The company
provides comprehensive engineering and technical services

for the design, development, manufacture, and packaging

of advanced orthopedic solutions.

By combining the extensive resources of its specialized brands —
Beere Medical®, KMedic®, Deknatel®, Specialized Medical Devices™
and TFX OEM® — Teleflex Medical OEM has become a premier,
global provider of:

¢ Custom extrusions

* Catheters

* Introducers

* Dilators

¢ Sutures

* Performance fibers (including PGA and PLLA absorbables)
* Resins

* Surgical instrumentation

* Implants

Additional information about Teleflex Medical OEM can be found at
www.teleflexmedicaloem.com. You may also contact the company’s

sales department via e-mail at oeminfo@teleflexmedical.com.

IMAGINE IT. ACHIEVE IT.®

©2009 Teleflex Incorporated. All rights reserved. Beere Medical, KMedic, Specialized
Medical Devices, TFX OEM, Deknatel, and “Imagine It. Achieve It.” are trademarks
or registered trademarks of Teleflex Incorporated or its affiliates.

Please note: This material is based upon work supported by Connecticut
Innovations, Inc. under the grant entitled, “Delivery of Growth Factors Using
a Novel Composite for Bone Repair.” Any opinions, findings, and conclusions
or recommendations expressed in this publication are those of the author(s)
and do not necessarily reflect the views of Connecticut Innovations, Inc.

MMeleflex:

MEDICAL OEM




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /StoneSansStd-Bold
    /StoneSansStd-BoldItalic
    /StoneSansStd-Medium
    /StoneSansStd-MediumItalic
    /StoneSansStd-Semibold
    /StoneSansStd-SemiboldItalic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


