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As global populations age, conditions such as stroke and diabetes require individuals to use rehabilitation
technology for many years to come due to chronic musculoskeletal, sensory, and other physical impair-
ments. One in four males currently aged 45 will experience a stroke within 40 years and will often require
access to prolonged rehabilitation. In addition, worldwide, one individual loses a limb every 30 s due to the
complications of diabetes. As a result, innovative ideas are required to devise more effective prosthetic and
orthotic devices to enhance quality of life. While Nitinol has already found much favor within the bio-
medical industry, one area, which has not yet exploited its unique properties, is in the field of physical
rehabilitation, ranging from prosthetic and orthotic devices to assistive technology such as wheelchairs.
Improved intervention capabilities based on materials such as Nitinol have the potential to vastly improve
patients� quality of life and in the case of orthoses, may even reduce the severity of the condition over time.
It is hoped that this study will spark discussion and interest for the materials community in a field which
has yet to be fully exploited.
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1. Introduction

Nitinol has been widely utilized within the medical devices
industry in a variety of areas, from self expanding stents to
orthodontic archwires. The demonstrated biocompatibility of
the alloy, combined with its unique properties makes it an
obvious choice for many modern biomedical applications.
However, the area of prosthetics, orthotics, and rehabilitation
has remained largely untouched by the exploitation of this
material. A review of the literature has uncovered only a
handful of papers, 29 in total that discuss the utilization of a
material that has been successfully integrated into so many
other biomedical areas. The majority of papers identified
discuss the utilization of Nitinol actuators for upper limb, and in
particular hand and finger prostheses. Few focus on lower limbs
prosthetic and orthotic devices. This study is presented from a
multidisciplinary angle, combining experience from both an
engineering and prosthetics and orthotics point of view to
discuss the further exploitation of Nitinol within the biomedical
industry. A proof of concept project currently running at the
University of Strathclyde shall be cited as one example of such
exploitation.

2. The Field of Prosthetics and Orthotics

Global trends indicate that amputation levels are likely to
grow in years to come. This is not set to be matched by an
increase in the numbers of professionals trained and equipped
to deal with the challenges of prosthetic replacement. Without
new technological approaches, prosthetic restoration will
remain a custom, largely handcrafted technology that is in
relatively short supply. Increases in the numbers of dysvascular
amputees in general, the rate of amputation due to complica-
tions of diabetes in particular, and even the impact of landmines
in parts of the world, all are contributing to a gap between
social need for prostheses and our ability to supply.

Prostheses are interventions designed to replace a part of the
body that is absent, usually due to amputation or congenital
deformity. The focus of this discussion will be on limb
prosthesis, for replacement of upper and/or lower limbs, lost
due to illness, trauma, or congenital deformity. Orthoses are
specialized mechanical devices, designed to support (static) or
correct (dynamic) musculoskeletal deformities and/or abnor-
malities of the human body. The overall aim of orthotic
interventions is to restore function to a part of the body that is
not able to function properly.

A modern prosthesis is an engineering assembly with
components typically fashioned from a variety of materials and,
in some cases, with highly sophisticated embedded control
systems. Examples include micro-processor controlled stance
and swing phase management of prosthetic knee joints, and the
control and actuation of prosthetic hands. Prosthetic devices
can be separated into interface and structural components. It is
understood that the nature of the interface at the prosthetic
socket, between the prosthesis and the tissues of the amputee�s
residual limb, particularly in lower limb prostheses, is also a
critical factor for the overall success of the prosthesis.

Historically, prosthetic devices are static structures with
limited adaptability to the ever changing environment and
dynamic conditions. Current developments are mainly in the
field of componentry, for example, prosthetic feet with a high
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energy return during gait and the utilization of carbon
composite-based structures. Reasonable progress has been
made in relation to actuation of joints. However, a distinction
between positional actuation, for example, the angle of an
elbow or the ground clearance of a prosthetic foot, and power
actuation used to deliver a torque for the purposes of active
assistive knee movement to enable sit-to-stand motion or stair
ascent are areas which remain underdeveloped. It may be
recognized that the requirements for achieving passive move-
ment utilizing Nitinol are less arduous than those for realizing
movement in conjunction with a usable force. This is the case
for prosthetics and orthotics alike. State of the art, motorized,
actuators are predominantly used in prostheses rather than
orthotic interventions. Examples for prosthetics include the
i-LIMB prosthetic hand from Touch Bionics (Ref 1) and the
Powerknee from Össur (Ref 2) (Fig. 1). Although motorized
actuators have proven their place within prosthetics they are
still seen as rather complex, noisy, and relatively heavy and as
such further development is required.

Contextual parallels between the engineering and the
historical aspects for prosthetics and orthotics can be drawn.
Although, there is a distinct difference between the purposes of
the interventions, both are engineering assemblies with com-
ponents fashioned from a diversity of materials to achieve the
desired behavioral characteristics. Additionally, both devices
can be separated in to an interface, where man meets machine,
and a structural component. It is understood that the nature of
the interface is a critical factor for the overall success of the
interventions; however, we will focus on the structural
components. From a historical perspective, strong similarities
are identifiable, especially the need for actuation or immobi-
lization (locking) of joints to assist in normal daily activities.
The only distinctive differences between orthoses and the
prostheses are the exercising and corrective capabilities
required in orthoses that are not required for prosthetic devices.
We ask the question, can those capabilities be generated by
both super elasticity and or shape memory properties of
Nitinol?

3. Exploiting Nitinol

Several authors have investigated the use of Nitinol within
hand prosthesis and actuator devices, most recently O�Toole

et al. (Ref 3) in 2007 who investigate the use of shape memory
alloy wire bundles for the actuation of finger joints. The work
first quantifies the dynamic performance requirements of the
human hand, and goes on to test several bundles of shape
memory alloy wires for force and speed of actuation. The
article concludes that a bundle of 15, 150 lm diameter wires
will produce adequate force required for basic gripping actions.
Further study is directed at cooling the wire via an adaptive
control strategy and appropriate heat sinking in order to cool
the wire at similar rates to the heating, and the mechanical
framework for the device.

There have also been a small number of papers that
investigate alternative uses of the shape memory and super-
elastic properties in prosthetics and orthotics. Viscuso et al.
(Ref 4) utilize the superelasticity of Nitinol in an upper limb
orthosis for stroke patients. The device does not fully constrain
movement at the elbow. The wire was heat-treated and then two
straight wires of 2 mm diameter were used on each side of the
brace to provide a stable corrective force. The application of
constant load rather than deformation was made possible by the
utilization of Nitinol. In the small, 2 patient studies were
reported, very favorable results were found.

Pittaccio et al. (Ref 5) also investigate utilizing Nitinol for
stroke patients, concentrating on a shape memory activated
exerciser for the ankle in the early stages of poststroke care.
This device, when activated, applied dorsiflexion to the ankle
using electrical resistance before allowing the material to cool
by natural convection. The main challenge identified in this
study deals with lengthy cooling times.

Tarkesh and Elahinia (Ref 6) investigate the use of actuators
in ankle foot orthoses, focusing on those with drop foot. They
specifically discuss the requirements for controlling the com-
plex non-linear relationship between stress, martensite fraction,
and transformation temperature to adequately control the design
of shape memory alloy actuators, and advise the use of PID/
Sliding mode control for active ankle foot orthoses.

Finally, Xu et al. (Ref 7) compare using the superelastic
capabilities of Nitinol for bending overload protection in an
osseo-integrated trans-femoral prosthetic attachment system,
comparing Nitinol and steel components in a short finite
element study.

While these articles have explored avenues into the
utilization of Nitinol within the rehabilitation field, there are
still many areas ripe for exploration.

4. What is the National centre doing?

An ambitious multidisciplinary project is underway at the
University of Strathclyde to investigate the utilization of the
shape memory material properties of Nitinol to produce an
assistive device to complement current commercially available
knee joints and aid sit to stand motion and stair ascent for trans-
femoral amputees.

The two way shape memory properties of the material are
being investigated as a means to provide an additional force to
partially overcome the difficulty of the sit to stand motion. The
project, currently in its initial stages and funded by the UK
Ministry of Defence�s Science, Innovation and Technology
Department, aims to produce a concept design to help people
with trans-femoral amputations, including servicemen injured
by landmines or gunshot.

Fig. 1 (a) The i-LIMB prosthetic hand for Touch Bionics and (b)
The Powerknee from Össur
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5. Conclusions

This discussion has shown that the prosthetics, orthotics, and
rehabilitation industry is ripe for twenty-first century technolog-
ical advancement. The very nature of prosthetic and orthotic
devices suggest that materials such as Nitinol holdmuch promise
to be employed, exploiting both their shape memory and
superelastic capabilities within the correct context. Work has
started to try and take advantage of these opportunities; however
there are still many opportunities to be realized within this field.
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2. Össur hf, Reykjavick, Iceland

3. K.T. O�Toole, M.M. McGrath, and D.W. Hatchett, Transient Character-
isation and Analysis of Shape Memory Alloy Wire Bundles for the
Actuation of Finger Joints in Prosthesis Design, Mechanika, 2007, 6,
p 65–68

4. S. Viscuso, S. Pittaccio, M. Caimmi, G. Gasperini, S. Pironvano, E.
Villa, S. Besseghini, and F. Molteni, Pseudoelastic Nitinol-Based Device
for Relaxation of Spastic Elbow in Stroke Patients, J. Mater. Eng.
Perform., 2009, 18(5–6), p 805–813

5. S. Pittaccio, S. Viscuso, M. Rossini, L. Magoni, S. Pirovano, E. Villa, S.
Besseghini, and F. Molteni, SHADE: A Shape-Memory-Activated
Device Promoting Ankle Dorsiflexion, J. Mater. Eng. Perform., 2009,
18(5–6), p 824–830

6. E. Tarkesh and M. Elahinia, Nonlinear Control Techniques for a SMA
Active Ankle Foot Orthosis, ASME International Mechanical Engineer-
ing Congress and Exposition, 2007, Vol. 10 Part. A (November 11-15,
2007), pp. 397–403

7. W. Xu, F. Shao, and S. Hughes, A Shape Memory Alloy Overload
Protection Device for Osseointegrated Trans-Femoral Implant Prosthetic
Limb Attachment System, Smart Materials II, 2002, 4934(16–18),
p 234–241

Journal of Materials Engineering and Performance Volume 20(4–5) July 2011—665


	Nitinol for Prosthetic and Orthotic Applications
	Abstract
	Introduction
	The Field of Prosthetics and Orthotics
	Exploiting Nitinol
	What is the National centre doing?
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


