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Abstract

Some of the unique issues upper-limb amputees
encounter are self-esteem and body-image concerns,
the impact of appearance and social abilities, secondary post-traumatic adjustments for the majority
of traumatic injury patients, and feeling isolated
from other upper amputees....

Upper-limb amputees have a unique set of
needs and issues they will encounter over a
lifetime. Some of the unique issues upperlimb amputees encounter are self-esteem
and body-image concerns, the impact on
appearance and to social abilities, secondary post-traumatic adjustments for the
majority of traumatic injury patients, and
feelings of isolation from other amputees,
among other concerns. A thorough understanding of the issues facing upper-limb amputees will assist
prosthetists, technicians, and other professionals involved in
rehabilitative care in providing comprehensive services and
ultimately impacting prosthetic success. This exploratory
study addresses both quantitative and qualitative data demonstrating psychological implications that impact the overall
prosthetic treatment process and, ultimately, patient success.
A review of literature of therapeutic influence on many conditions will be adapted to address the needs and issues of the
upper-limb amputee population. A proposal for the development of a preliminary assessment instrument and resources
will be gathered with an overview of evidence-based practices
that will provide practitioners with the tools needed to attend
to the exclusive needs of this population. An overview of the
psychological impact of amputation and the various ways issues may manifest in the rehabilitative process will enlighten
all care professionals involved to provide appropriate treatment and collaboration among disciplines.

Introduction
Given that there are approximately 1,908 upper-limb amputations a year versus 56,912 lower-limb amputations, there is a
much smaller group of upper-limb amputees. Since the causes
of amputation also vary greatly between lower and upper extremities, services and resources must appropriately reflect the
diverse needs of the amputee population. There are many psychosocial and adjustment issues that may affect all amputees
regardless of their amputation level. However, though there is
some overlap, how the issues impact upper- versus lower-limb
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amputees may vary as well since there are some particular issues that primarily impact upper-limb amputees. Just as socket
design and physical or occupational therapy is guided by the
amputation level, so are many of the other support services
that enable patients to adjust to limb loss and become successful prosthetic users if they choose to use a prosthesis. Some
of the unique issues upper-limb amputees encounter are selfesteem and body-image concerns, the impact on appearance
and to social abilities, secondary post-traumatic adjustments
for the majority of traumatic injury patients, and feeling isolated from other upper-limb amputees, among other concerns.

Demographics of Upper-Limb Amputees
The biggest etiology of upper-limb amputations is traumatic
injury (Adams et al., 1999). In comparison to lower-limb amputations, only a small percentage are from the effect of tumors or disease.1 As with any progressive disease, the patient
often has some time to prepare for the possibility of amputation. Traumatic injury presents several unique issues that often
add a layer to the presenting issues. Additionally, more congenital limb loss occurs within the upper-limb population.1, 2

Unique Issues Experienced by Upper-Limb Amputees
Due to the small size of the upper-limb population, it is often
noted that upper-limb amputees feel isolated from their peers.
Many may attend local support groups in hopes of meeting
another upper-limb amputee and fail to do so, or they may
request a peer visit and not have the opportunity to speak with
someone of the same amputation level. Due to the vast gap
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handwriting, playing an instrument, drawing, painting, or
cooking. During the relearning phase, upper-limb functional
activities may have a bigger learning curve than lower-limb
mobility activities. Furthermore, there are an unlimited
number of tasks in which hand movement is used, adding to
the complexity of the limb loss.
Along with traumatic injuries come particular issues
that impact many affected by upper-limb amputation. Often
persons may experience symptoms of post-traumatic stress
disorder (PTSD). This may manifest in the individual through
recurring nightmares or flashbacks of the accident, avoidance
of the topic, emotional numbing, or the development of
hyperarousal. Forgoing treatment of PTSD can impact
whether amputees choose to wear a prosthesis and their ability
to be successful prosthetic users. Additionally, phantom limb
pain can also impact individuals to the point of impeding
their ability to cope with their limb loss and progress in
rehabilitation.

no paralleling functionality issues addressed with the upperlimb sample. Several questions referred to lower limb-specific
activities such as buying shoes, buying pants, going out despite
the weather, rehabilitation training of climbing stairs, walking
on an inclined plane, and vehicle transfers. Several studies
solely evaluating leg amputees examined in detail everyday
functioning skills such as walking, biking, and driving.
An interesting conclusion in the study of coping strategies
by Gallagher and MacLachlan8 supports that “patients who
express dissatisfaction with their prostheses may be doing so as
a form of denial or as an excuse for an inability to cope with the
prosthesis.” The reputation of upper-limb amputees for rejecting
prosthetic devices at a high rate provokes the question of what
resources are needed to enable them to cope with their limb loss
and ultimately cope with their prosthesis.
Several studies support existing theories that body image per
ception and mourning the loss of a limb impact adjustment.9, 10
Included in the literature concentrating on lower-limb pres
entation, many studies support the loss of independence
in mobility and inability to perform enjoyed activities
as factors in adjustment.11 Body image, perceived
social stigma, and social support were issues that
repeatedly surfaced in various studies as well. In a
study by Rybarczyk et al.,12 several scales were devel
oped to measure the psychosocial adjustment to leg
amputation. The findings led to the conclusion that
mental health professionals need to be involved in the
care of this population in addition to a screening tool being
available to routinely address psychological adjustment.

The reputation of upper-limb amputees for
rejecting prosthetic devices at a high rate
provokes the question of what resources are
needed to enable them to cope with their limb
loss and ultimately cope with their prosthesis.
Review of the Existing Literature
At the time of writing, the author was unable to identify any
existing research solely focusing on the psychosocial issues
impacting upper-limb amputees. Out of 11 studies addressing
upper- and lower-limb amputees together, the sample size of
upper-limb amputees used is much smaller. Although there are
proportionately fewer upper-limb amputees, the sample sizes
used do not reflect the entire population. The studies ranged from
interviewing four upper-limb versus 90 lower-limb participants3
to interviewing 97.4 percent lower-limb patients versus 2.6 percent upper-limb patients.4 Additionally, most studies included
below-elbow participants and occasionally an above-elbow participant. Many of the studies encompassed the various levels of
lower-limb amputation as well as lower bilateral patients.
Previous studies support that emotional adjustment takes
longer for upper-limb amputees and those who have had a
traumatic accident, many of whom are upper-limb amputees.
Likewise, a study by Price and Fisher5 supports both upperlimb and traumatic amputees as being the most emotionally
affected.6, 7 The literature reviewed did not expound upon
causes or specific concerns leading to this deduction.
It was noted that in more than one article, issues specific to
lower-limb amputees such as mobility and gait analysis were
addressed. In the Nicholas et al.3 study reviewed, there were
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Comparison with Other Disciplines
A cursory review of literature of related disciplines demonstrates the methods in which similar fields have identified issues and developed resources in response to those issues. Fields
such as vision loss, physical disabilities, diabetes, and muscular
dystrophy, which have some overlapping psychosocial issues,
were reviewed. Several studies utilized focus groups to identify
common issues among the population as was done in the Owsley et al. study of age-related macular degeneration.16 Based
upon several studies, the diabetes field has begun to develop
programs and educational models to promote healthy coping.17
Among the resources in place are patient psychoeducational
classes, support groups, and family therapy. Many articles also
promote training and support programs for families to address
their own adjustment and that of the patient.18 Furthermore, several studies in each of these fields also support the conclusion
that an interdisciplinary team is necessary to meet all of the
patient’s needs.

Need for Further Research
At this time, the needs of upper-limb amputees have not thoroughly been studied to address the specific nuances of the
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rehabilitative process. A longitudinal study with a large sample
size in proportion to the overall number of upper-limb amputees
is proposed to further identify the specific issues. Specific questions need to address functionality and day-to-day issues impacted by the loss of an arm and how this interplays with other
issues such as body image, perceived stigma, and acceptance.
Particular attention also needs to be directed to evaluating bilateral upper-limb amputees in regard to any variations in how
these issues impact them. Also needed is a thorough study of the
many levels of upper-limb amputation from the loss of fingers
to the shoulder disarticulation level. Centered upon the results
of the survey, a screening evaluation tool to determine the coping and acceptance of upper-limb amputees would be helpful.
Based upon the development and administration of this tool,
upper-limb amputees can be referred to appropriate services as
needed. Additional service models can be developed to address
the identified needs where they are not currently met. Opportunities to study the effect of addressing the psychosocial issues
on prosthetic success would also be possible in future studies,
in addition to the role and specific coping issues of family members. This tool will be helpful for those professionals who may
not work exclusively with upper-limb amputees and who may
otherwise overlook the many ways in which an upper-limb loss
impacts the individual. Though several studies have found that
upper-limb patients have a higher rate of emotional disturbance,
no evidence points to what specific issues would address the
emotional disturbance. In conclusion, there are many opportunities to evaluate the specific needs of upper-limb amputees in
order to best develop tools and resources for ultimate patient
success. As new technologies and advancements in upper-limb
prosthetic options emerge, so must the support systems to enable and empower patients for success.
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Table 1: Technical Requirements

durability, and providing adequate resolution of control.
There may be no “perfect” actuator-based joint system
Shoulder disarticulation = 400 gm (0.9 lb)
platform, or prosthetic design for that matter, but rather
Mass of
Transhumeral amputation = 300 gm (0.7 lb)
Socket System
a tradeoff in competing requirements is carefully being
Transradial amputation = 250 gm (0.6 lb)
considered in creating a design that may be optimal for
Shoulder disarticulation = 3,200 to 4,000 gm (7 to 9 lb)
Mass of Arm System Transhumeral amputation = 2,300 to 3,000 gm (5.1 to 6.6 lb)
practical clinical outcomes. The development of each of the
(includes humeral rotator)
(including socket)
Transradial amputation = 1,500 to 1,900 gm (3.3 to 4.2 lb)
actuator methods under consideration has its own subset of
(includes three DoF wrist)
challenges and competing requirements as well. Creating
Shoulder torque output (three DoF) = 60 Nm (45 ft-lbf)
Rated Torque
Elbow torque output = 81 Nm (60 ft-lbf)
a system with such a large number of active degrees of
and Force for Arm
Arm max payload = 220 N (50 lbf)
motion, fitting within the anatomical envelope, and having
Duration of Wear
18 to 24 hrs of ADLs without discomfort/irritation or recharge
strength comparable to the anatomical counterpart is very
Cosmesis
Looks and feels like natural limb. Perceived as natural (inertial properties, swing, etc.)
challenging. Additionally, a number of other technical
Control of all degrees of freedom
requirements can be found in table 1. Each of these
Neural Control
Neural output of sensation
Neural output of proprioception (position and limb motion - kinesthesia)
requirements must be adequately addressed in order to
Max 80-lb cylindrical grip, max 25-lb pinch, moves at 120 degrees/second
Hand
ensure practical clinical application for this program’s farMultiple dexterity with full-grasp set (anatomically similar range of motion in all degrees)
reaching goals.
Elbow
Maintain 30 ft-lbs, provide 60 ft-lbs for two seconds, moves at 120 degrees/second
In general, competing requirements for development
0.1 N force sensing, 2mm touch discrimination (comparable to Braille)
Fingertip Sensation
10 degree C absolute, 0.3 degee C/sec change discrimination
of the actuator and joint system platforms include strength
50Hz to 800 Hz vibration with 5 um displacement
versus weight, space to fit within the anatomical envelope,
Other Ambient
Waterproof to 8 ft of water, blowing sand, and dust
precision of control, number of actuators required to
provide necessary degrees of freedom versus degrees of
purposes, with dexterity and strength rivaling the anatomical motion, actuator attachment means (i.e., tendons versus gears),
counterpart. Incorporating those designs to mesh with the and length of space required (affecting its use for various levels
of amputation), among many others.
human body in a clinically practical way is very different.
Conventional hands, for instance, typically offer one to
Developers on the RP09 program have focused their
efforts closely on the listed requirements to help ensure that five active degrees of motion (DOM), and one to ten degrees
the final deliverable will be suitable for practical clinical of freedom (DOF) within the anatomical size envelope.1, 2 The
application. These requirements very much drive the direction RP09 program is pursuing designs with 11 to 15 active DOM
of innovation from every angle—electronics, mechanical and 19 to 21 DOF within similar size constraints. Adding these
additional DOM and DOF is especially challenging considering
design, control strategies, materials, and many others.
that weight, space, and durability cannot be compromised in
Advanced Actuators, Electronics, and Software
comparison to conventional designs. Adding these extra DOM
The human body relies on its “electronics and software” and DOF does, however, stand to provide dexterity comparable
equivalent to control the movement of the mechanical system to the anatomical limb. The challenge, however, is controlling
(bones, muscles, ligaments). In many conventional upper-limb such a system.
prosthetics, the movement of the device is either single-joint
control or passive.
Figure 1
Creating multi-joint systems whose movement is initiated
by intelligent control—through autonomous, sensor-based,
or neural integration strategies—stands to radically affect
functional outcomes. On the RP09 program, a number of
actuator-based joint system platforms are being developed to
be used through a combination of autonomous, sensor-based,
and neural control. Each of these various platforms, including
technologies ranging from powered micro-hydraulics, powered
pneumatics, motors/gears/tendons, etc., have a unique set of
advantages and disadvantages for practical clinical application.
Each of these designs face similar challenges of fitting within
the anatomical envelope, maintaining sufficient strength while
keeping power consumption to a minimum, maintaining
Category

Requirement/Target
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In conventional upper-limb myoelectric prosthetics, the
movement of the device or system still relies on a very limited
amount of available information from the user for intended
movement—typically single joint movement such as “hand
open,” “hand close,” or “elbow flexion,” while other joints’
movements may solely be passive. This control is often initiated
through at most two- to three-site myoelectric sensors, with
possible inclusion of other switch mechanisms—all using a
single-joint movement at a time. While a considerable amount
of research has gone into better enabling prosthetics to be
controlled more effectively, many engineering limitations have
prohibited those developments from being applied clinically to
their full potential.
Over the years, many researchers have pushed the limits
of prosthetic control strategies, but seeing their efforts
come to commercialization have often been stifled by the
practical application capabilities of their base technology.
Computing power, in early pattern-recognition research, for
instance, required large computers that were impractical for
mobility requirements of prosthetics users. Today, that same
computing power requirement can be incorporated into a small
microprocessor-based board. Electronics design overall has
largely progressed, allowing complicated electronics design
that once took a considerable amount of space and weight to
now be fit onto small circuit boards.
The electronics designs incorporated into the prototype
limbs on the RP09 program are very advanced. Creatively
integrating a vast amount of complicated circuitry and wiring
into the multi-joint limb is challenging. In a system capable of 18
to 21 active degrees of motion (with 25-28 degrees of freedom)
with multi-joint simultaneous control, sensory feedback, and
sensor-based control, wiring alone requires creative and hightech solutions—all affecting weight, durability, and space
considerations.

Neural Integration Considerations
As these mechanical, computer, and electronics designs on the
prototype limbs have progressed enough for practical prototype
testing, one of the main challenges remaining is further neural
connectivity. As one of the driving forces of the DARPA RP09
program, neural integration is a key component in allowing for
greater function of the next generation of upper-limb prosthesis.
Without more advanced neural connectivity between the
brain and the prosthesis to initiate intended control, a multijoint system has little practical application. Conversely, as the
neural connectivity of the brain with the prosthesis is enhanced,
the need for a multi-joint controlled prosthesis will be greater.
The user of the prosthetic device must have the ability to control
the multiple degrees of freedom. At the same time, the need for
sensory feedback (sense of touch, proprioception, etc.) may be
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far greater when using a system with capabilities of multi-joint
simultaneous control.
Full cortical and/or peripheral implanted devices are
actively being investigated. These strategies stand to provide a
near-seamless integration for control between the human brain
and the prosthesis—and the electromechanical limbs being
developed will be suitable for achieving an anatomically similar
level of control—hence 28 degrees of freedom.
Until those strategies are completed, alternative or possibly
complementary approaches are actively being investigated
as well. By using pattern recognition or targeted nerve
reinnervation strategies, a far greater level of control of the
prosthetic device is possible. Even enabling for three to four
joints to be simultaneously controlled creates enormous benefit
to the user through greatly enhance dexterity and functionality,
especially when sensory feedback is provided as well.3, 4 At the
same time, however, this also creates enormous challenges for
socket interface integration never before faced.

Socket Interface Requirements and Challenges
Having a prosthetic limb system that is capable of multi-joint
simultaneous control and strength capabilities comparable to
that of an adult male offers new challenges to the socket interface environment that are drastically different from conventional design.
In conventional socket interface design, the loads experienced
on a high-level upper-limb prosthetic user are relatively low.
Conventional elbow systems, for instance, have the ability to
lift up to six kilograms.5 Requirements for the developments on
the DARPA RP09 program, however, call for an elbow to lift
27 kilograms. This, in combination with an actively powered
shoulder joint with simultaneous movement with the elbow,
further compounds the issue.
If a high-level upper-limb prosthetic user is able to control
such an arm effectively (neural integration, targeted nerve
reinnervation, etc.), the forces experienced on the prosthesis
and resulting forces on the residual limb or torso will be far
more complex than with conventional designs. Users will no
longer be experiencing predominantly static forces, but rather
will be experiencing many dynamic forces, many of which will
be larger than the static load limits currently experienced with
conventional interface designs.
Conventional interface systems for a shoulder disarticulation
prosthetics user typically can allow for roughly 50 pounds of
static in-line gravitational force. On a clinical basis, many of
these users have demonstrated the ability to lift heavy loads,
but these loads are largely hung axially from the body; they are
not actually being lifted dynamically by the prosthesis through
various planes. Loads that are carried by powered actuation of
conventional prosthetic designs, such as an elbow joint lifting
an object, are relatively low force due to the prosthetic elbow
Supplement of The O&P EDGE

components’ inherent strength limitations. Further, there are
currently no electronic shoulder joints used on a consumer
clinical basis that work simultaneously in conjunction with the
elbow. All movements within a conventional upper-limb device
are also at one joint at a time—greatly simplifying the load
dynamics.
With the incorporation of this new generation of prosthetic
components and systems capable of multi-joint simultaneous
control, such as on the DARPA RP09 program, the loads
experienced on the body will be significantly different. Further,
while unknown at this point, the incorporation of neural control
strategies and components with greater functionality may likely
lead to increased use of the prosthesis—additionally affecting
the interface dynamics with the body.
New management of interface forces is required. Managing
these new loads on the body must be met with comfort and
control, and be cosmetically appropriate. Many creative
approaches have been investigated on the RP09 program that
attempt to address these unique needs.
For shoulder disarticulation-level amputations in particular,
the torso takes up the majority of the weight and forces of the
prosthesis. Because these loads are so great, it is important
to disperse these loads over as great an area as possible. This
portion of the body in particular has many sensitive areas that
cannot incur these new dynamic forces. Further, since this part
of the body has so much range of motion and movement (torso
anterior, posterior, and lateral bending, and inhalation and
exhalation), it is important to allow for dynamic movement of
the interface while maintaining a solid connection between the
body and prosthesis.
Using Compliant Force
Dissipation Techniques, these
seemingly competing require
ments can be met. This is
accomplished by providing an
interface frame that is relatively
low profile and specifically
contoured to help maintain
the position of the interface in
correct relation to the underlying
anatomy. The frame spans from
the prosthetic shoulder attach
ment point medially and distally
to provide anterior and posterior
stability about the torso as
dynamic loads are experienced. Figure 2
However, the predominant force
distribution of the interface is not taken up by the frame itself,
but rather the Compliant Force Dissipation Garment. This
garment, much like the axilla strap in conventional shoulderlevel prostheses, takes up much of the load; however, instead of

hanging the load of the prosthesis off one strap, this garment is
made up of thousands of tiny straps that encapsulate the entire
torso. The result is a broad load distribution around as great
of an area as possible—including about the prosthetic side
torso through posting mechanisms built into the garment. As
an amputee holds an object with his prosthetic hand and then
travels that object through space using shoulder and elbow
joints in dynamic movement, the resultant force on the torso
is quite large and rapidly changing about various aspects of
the torso.
Figure 3

Since each of these tiny micro straps carries a very small
load and is extremely flexible, the perceived and experienced
load on any one part of the residuum is very low. In effect, the
use of the prosthesis may become more comfortable than with
conventional designs despite the greatly increased load on the
body with the use of more capable components.
From a cosmetic standpoint, using this ultralow-profile design adds to a more cosmetically
appealing system. With current prototypes, the
interface and its associated attachment system are
no more than three millimeters thick at any one
point. With the slight soft tissue compression of the
interface about the body, there is typically no more
than a one- to two-millimeter extension outside
of the body’s envelope. Additionally, the shoulder
disarticulation level socket system including attach
ment garment weighs less than 400 grams—staying
within the RP09 spec requirements.
The incorporation of various nanotechnologies
into the socket environment additionally helps
to provide a more suitable environment for user
comfort, hygiene, and durability.

Conclusion
The rapid progression of engineering design in recent years
has opened the door for prosthetics evolution. Today’s designs
have allowed for prosthetics technology to hit new milestones,
continued on page A-15
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Sponsor’s Editorial

New Possibilities
for Upper-Extremity Prosthetics
■

Karl Lindborg, CPO

N

ot since the Cold War has there been such focused attention on the topic of an “arms race.” I am of course
referring to the recent military research focus on the
race for upper-limb prosthetic arms—not the nuclear
arms race of the 1970s and early 80s. Both private companies like
Touch Bionics and military research organizations like the Defence Advanced Research Projects Agency (DARPA) have been
working to develop revolutionary prosthetic solutions for both
military and civilian patients.
What is remarkable amid all the
attention that has been focused on
research-stage projects like DARPA’s
Revolutionizing Prosthetics Project is
the recent commercial introduction in
the summer of 2007 of the i-LIMB™
Hand, the world’s first commercially
available bionic hand. It has been
welcomed as an exciting technology by
patients with upper-limb amputations
and deficiencies and O&P professionals
alike. When Touch Bionics developed the
i-LIMB Hand, there were five important
areas to address: mechanics, software and
controls, cosmesis, patient selection, and
reimbursement challenges.

Mechanics
Current electromechanical hands used
in conjunction with myoelectric signals,
touch pads, or linear transducers have
typically been hands functionally using a “3-jaw chuck” grip.
This is where the thumb is fixed in direct opposition to the first
and second fingers resulting in these electromechanical hand’s
inability to utilize the six primary hand grips used to manipulate
different objects.
In order to understand the benefits of the i-LIMB Hand
one should envision the hand effectively as a chassis for four
articulating powered prosthetic digits, or ProDigits, and a powered
ProDigit thumb.
The compliance of the i-LIMB Hand grip creates a new
paradigm for how grip force and power are applied to the activities
of daily living (ADLs). There is no longer a need for inhuman levels
of pinch force to be applied to a terminal device. The i-LIMB Hand
can support 45 pounds of weight and yet the articulating fingers
produce realistic and dexterous hand movements that appeal to the
full spectrum of male and female patients.
Simply put, the grasp of the i-LIMB Hand functions more
like that of a human hand, with the articulating fingers able to
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close tightly around objects. Built-in stall detection tells each
individual finger when it has sufficient grip on an object and,
therefore, when to stop powering. Individual fingers lock into
position until the patient triggers an open signal through a
muscle signal.
Similar to the human thumb, the i-LIMB Hand’s thumb can
be manually rotated 110 degrees into different positions. This is a
revolutionary step forward for electromechanical prosthetic hands.
With the inclusion of a manually positioned opposable thumb
Figure 1 and the individually motor-driven digits, a
prosthetist has the capability of providing
a cosmetic electromechnical hand that can
recreate fine tip pinch grip with fingers
opposing the thumb. Positioning of the
thumb also enables the user the advantage
of multiple grip configurations, many of
which have not been previously available to
patients, including those shown in figures 3
through 6.
Because each of the five fingers are
Figure 2
driven by separate motors, the pinch force
required to grasp an object with the i-LIMB
Hand is spread out to all five fingers as
opposed to the three primary fingers used
with the “3-jaw chuck grip” of current
electromechanical hands.

Software and Controls
With the microprocessor-controlled i-LIMB
Hand, Touch Bionics is utilizing the myoelectric principles used in existing devices while taking advantage
of the mechanical advancement offered by five individually powered digits. The articulating finger, the key point of innovation from
Touch Bionics, provides the biggest benefit to the patient or user.
Because easy adaptability is a critical goal for an upper-limb
amputee, Touch Bionics adopted a traditional myoelectric control
strategy to operate the i-LIMB Hand. As a result, existing myoelectric
users can easily adapt and operate the hand immediately. This is of
great benefit to both the patient and the clinician.

Cosmesis
Some patients, predominantly military personnel, particularly
love the robotic nature of the uncovered i-LIMB Hand and prefer
not to wear it with a cosmetic glove. However, because of the need
to provide a grip surface and to protect the hand from dust and
moisture, Touch Bionics developed the i-LIMB Skin, a thin layer
of semi-transparent material that has been computer-modeled to
accurately wrap to every contour of the hand.
Supplement of The O&P EDGE

For the end user, the i-LIMB Hand has the advantage of being more
anatomically correct than any other electromechanical hand available on
the market. This not only allows for increased functionality but also a vastly
improved cosmetic appearance. The challenge to develop and improve on a
high-definition cosmesis of superior quality is a challenge experienced by
everyone supplying cosmetically pleasing prosthetic hands. Touch Bionics
continues to develop custom and high-definition cosmetic products from its
cosmesis partners, including its first off-the-shelf version from LIVINGSKIN.

Patient Selection
As prosthetists, we realize that many patients simply want to have the latest,
greatest device available. Sometimes this is not the most appropriate clinical
decision. In some cases, it is recommendations from others that results in inquiries regarding the i-LIMB Hand. To date, only one patient has returned the
hand because the patient felt it was a little too complicated. It is important to
note that this user was also unsuccessful with other myoelectric devices.
As clinicians we must also realize that patients may prefer the anatomical
accuracy, while others prefer the new levels of function, but it is always
important to assess the viability of the new patient in advance of the clinical
and commercial commitment. Consider a heavy user, such as a farmer, who
would be better off using a more rugged terminal device. The ideal candidate
for an i-LIMB Hand is an average-sized user, performing the average ADLs.

Figure 3

The key grip:
The thumb closes down onto
the side of the index finger.

Figure 4

The precision grip:
The index finger and thumb meet,
or index finger, middle finger,
and thumb meet in order to pick up
small objects and to hold objects
when performing finger control tasks.

Reimbursement Challenges
The financial consideration of adopting a new terminal device is of additional
concern to Touch Bionics’ U.S. patients. About one-third of patient cases have
been approved for reimbursement on first presentation. Successful claims have
been processed by many mainstream insurance providers, and, of course, the
i-LIMB Hand has proven very popular with military users—both active and
veterans.

Figure 5

The Next Step
There are many unknown factors that became clear once the i-LIMB Hand was
released and patient and clinician feedback was received. While the i-LIMB
Hand is now considered by Touch Bionics to be completely market ready, continual improvement underpins everything that Touch Bionics does.
Touch Bionics is currently undertaking a ten-patient independent outcome
study in Sweden. The company expects to have the results by summer 2008
and will present comparative data between the i-LIMB Hand and other terminal
devices.
As the recent focus on upper-limb prosthetic technology emerges, it
is evident that the world of prosthetics has entered into a new sort of “arms
race.” The resulting success of developments that come out of this push for
new technology will be directly related to how prosthetists and users apply
this technology. The i-LIMB Hand has opened the door to new possibilities to
upper-limb prosthetics.

Karl Lindborg, CPO, recently joined Touch Bionics as the
head of clinical advocacy. He has more than a decade of
clinical experience, his most recent position having been
with the Department of Veterans Affairs (VA). He can be
reached at karl.lindborg@touchbionics.com
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The power grip:
All fingers and the thumb
close down together to
create a full-wrap grip.

Figure 6

The index point:
The thumb and fingers
close but the index finger remains extended.
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Orlando Shines with Academy Grant Activities
Interactive Programming Engages Students
More than 60 high school students from the Orlando, Florida,
area had the opportunity to attend the 34th Academy Annual
Meeting and Scientific Symposium for its Awareness Day programming on February 29. The high school students interacted
with students currently enrolled in O&P practitioner programs
and, among other activities, viewed the Academy’s career video
and toured the Exhibit Hall.
With the help of O&P students from programs at Eastern
Michigan University (EMU), Georgia Institute of Technology
(Georgia Tech), and St. Petersburg College, high school
students also rolled up their sleeves and pant legs and tried their
hands at O&P-related practice activities. They experienced
hand scanning, “making” a prosthetic leg from various
components, donning a variety of orthoses, picking up items
with a myoelectric arm, and walking on prosthetic feet.
Rebecca Spragg of Georgia Tech helped spearhead these
efforts. “Whenever students come to our campus, the hands-on
activities seem to have the most impact. We wanted to create
this on a larger scale for the high school students coming to the
Academy meeting,” she said.
This interactive programming engaged the students for more
than an hour before they toured the Exhibit Hall. They all left
with a new appreciation for the profession and the technology
that helps so many to regain their lives. Special thanks to Allard,
Aspen, College Park, Fillauer, Ohio Willow Wood, Orthomerica,
Össur, Otto Bock, SPS, Texas Assistive Devices, Townsend
Design, and TruStep for their loaner devices that helped make
this program possible.

Finding the Right Fit
The room was buzzing at the Academy’s first Residency Networking Session held February 28. Each station or “pod” was led by

representatives from the American Board for Certification in
Orthotics, Prosthetics & Pedorthics (ABC), the National Commission on Orthotic & Prosthetic Education (NCOPE), the
Academy’s Research Education Committee, residency directors
from various settings, as well as current residents. While our volunteers manned each station, the O&P students flowed in small
groups from station to station for seven to ten minutes each.
During that time, station leaders shared their particular area of
expertise and answered questions for the students.
ABC was able to address the certification process—what
you actually do once you complete your residency and the
steps involved in attaining certification. NCOPE was able
to explain how students apply for a residency and the related
requirements. The Academy’s Research Education Committee,
the group responsible for selecting the “Best of ” Residency
A-14 The Academy TODAY ■ June 2008

series, reviewed how the directed studies are evaluated and the
mechanisms used to select the “best.”
The residency directors provided insight on their particular
setting. Students were able to get a feel for what they might
experience in a hospital setting versus a university setting. They
could get a feel for whether they would have a more positive
experience working in a small or large facility. This allowed the
students to gain insight on what type of residency they might
want to look for if they see one particular setting being a better
match for themselves personally.
Finally the residents shared some current-day, real-life
examples of their own residency. They could easily relate to the
students, and it allowed time for some really tough questions
like, “Will I have to get a part-time job? How do you manage
your time?”
All of the students had the opportunity to rotate into each
station. While the timing was tight leading into the College Park
Student Social, no one wanted to leave the room before they
had a chance to visit each pod.
Cathy Carter and Steve Fletcher, representing ABC, said,
“This was a wonderful chance for the students to have some
one-on-one time and get their burning questions answered. It’s
good for us to hear what they want and need to know.”
Academy Award Winner Don Shurr, PT, CPO, commented,
“This is fantastic! These kids are on the ball, and getting them
the information they need now is the best thing we can do for
them as they are starting their careers.”

Academy Wins Awards from Association TRENDS
The Academy’s “Sky’s the Limit” career video was a Gold
award winner in the Informational CD/video category of the
Association TRENDS 2007 All-Media Contest. Association
TRENDS is the national newspaper for association executives
and suppliers for the latest news, information, and trends in association management. It is geared to the professional staff of
international, national, state, regional, and local voluntary organizations. The career website, www.opcareers.org, whose average monthly hits have increased more than 250 percent since it
was launched, won a Bronze award.
The Academy’s public service announcements (PSAs)
were recognized with a Silver award. These PSAs are excellent
tools for promoting the profession in your local area. Be
sure to download “Tips for Working with the Media” from
the Career Information website at www.opcareers.org. This
handout offers helpful hints on how to approach the local media
to get announcements on the air or information posted to the
community calendar. It also provides some suggested points of
contact for networking with your local schools and hospitals.
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