ARE YOU
READY FOR A
PROSTHESIS?
Preparing to walk with a prosthesis may seem complex and
sometimes perplexing; however, the underlying factors that
determine a person’s readiness to receive a prosthesis are
relatively straightforward. A person must be healthy, with a
minimum level of physical fitness, and have a well-healed residual
limb, or stump. As simplistic as this may seem, in many cases, amputating
a limb was a lifesaving measure because of disease, tumor or a severe
traumatic accident. As a result, it is common that complications
associated with the amputation affect overall health,
physical fitness and healing of the residual limb.
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PREPARING FOR
PROSTHETIC
FITTING
by Robert S. Gailey, PhD, PT

Although this article will discuss many factors
that are often considered by the rehabilitation
team, the majority of issues discussed probably
will not pertain to every amputee.
One of the primary concerns is stump
swelling. Swelling occurs in the stump in the
same way it does around any other lesion or
insult to the body. It is one of the body’s defense
mechanisms associated with inflammation. The
insult to skin, muscle, bone and other tissues
results in swelling, pain, redness and loss of
function. The body is trying to heal the tissues as
quickly as possible, thereby producing a cellular
response that far exceeds what is necessary. If
ignored, the cellular response will continue to
manifest itself and the time required for the
swelling to subside will be much greater than it
needs to be.
Treatment of the swelling is relatively simple:
compression, elevation and activity. Compression is applied in the form of stump wrapping,
shrinkers or some other form of pressure
garment. The pressure created by compression
garments helps move the fluids out of the
recovering limb, reduce the pressure on other
tissues, and, as a result, reduce pain. One of the
key ingredients in successfully reducing swelling
as quickly as possible is around-the-clock
maintenance of pressure until the volume of
fluids within the limb stabilizes. When
the pressure garment is removed,
however, it takes very little time
for some fluids to return to the
tissues and undo all the good
swelling reduction that was
accomplished in the previous
days.
Elevating the limb can have
a positive effect only if the
limb is raised above the

“The Syme Procedure”

heart. Dangling the limb from a chair or long
periods of standing can have a negative effect.
Conversely, activity can have a very positive
effect. Contractions of the muscles help to move
the fluids out of the muscle and other surrounding tissues. The time it takes for the swelling to
subside varies depending on age, body type and
cause of amputation. Younger people will
generally heal more quickly.
The suture line or the surgical incision site
must heal before casting and fitting a socket.
The stresses associated with the pulling and
pushing of skin and other soft tissues during
walking can easily damage the incision site if not
permitted to heal completely. Reducing
swelling, keeping the area clean, and following
the physician’s directions for dressing care can
help speed healing as well. Once again, age,
cause of amputation, and associated diagnoses
such as diabetes and vascular disease play a
significant role in determining the time
necessary for healing. Generally most sutures or
staples are removed within 10 to 21 days after
surgery, depending on the individual.
Other issues regarding the skin also significantly affect a clinician’s postoperative assessment. With age, the skin can become frail and
require more time for healing. Traumatic
FirstStep
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amputations may take longer to close if the
threat of infection is present or if skin grafts were
used in the course of treatment. Occasionally,
skin irritation secondary to medicines, allergic
reactions or any other irritations to the skin can
prolong the period before a person can be fitted
with a prosthesis.
One of the most critical aspects of postamputation rehabilitation is the prevention of
further deconditioning resulting from inactivity.
For many people, the time leading up to the
amputation is a very sedentary period. Time is
spent slowly watching an ulcer heal, and in the
physician-prescribed bed rest with limited
activity. During this time strength and cardiovascular endurance diminish. Postoperatively, a
good rehabilitation program should include
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upper and lower limb strengthening
in addition to a well-planned
cardiovascular program. Just
walking with a walker or crutches
around the house is frequently not
enough to prepare for the demands
of prosthetic rehabilitation and
ambulation. The metabolic energy
requirements of walking with a
prosthesis are far greater than
during normal walking and, thus,
require preparation and training.
For optimal rehabilitation, it is
important to consult with a physical
therapist and begin an exercise
program immediately after surgery.
Then continue exercising at home
independently or with a family
member. This applies to people of
all ages and those who lost a limb
for any reason.
Other factors that help determine
prosthetic candidacy and when a
person is ready to begin the fitting
process are related to functional
potential. The clinician tries to
predict what the prosthetic potential
of an individual may be. Obviously,
current health status and the
number of associated diagnoses play
a role - but frequently functional
ability has a greater impact in the
decision process.
The ability to put on and take off
the prosthesis is important. This requires a
certain degree of strength, balance and hand
dexterity. When generalized weakness, poor
balance and hand deformities are present,
assistance in the home would be required.
The condition of the opposite foot in the case
of people who have lost their limb because of
vascular disease or diabetes must be monitored
very closely. Walking with a walker, crutches
and a prosthesis can be very traumatic to the
fragile intact foot. In many cases, the question of
using a wheelchair versus walking with a
prosthesis is discussed when the intact foot is
injured or shows signs of an ulcer. The
involvement of amputees in their own care plays
the most important role in this decision.
People who have lost a limb due to vascular

disease or diabetes must be very careful not to
injure the remaining foot. All too often, the
intact foot is injured or develops an ulcer during
the first three years after the initial amputation.
The majority of first and second amputations
can be prevented by regular clinic visits, wearing
good orthopedic shoes, proper foot care and
education. Each of these preventative measures
is the responsibility of the amputee.
Amputees can do several things to create
favorable conditions for an early prosthetic fit.
They should learn how to improve their health
from the rehabilitation team, how to become
more physically fit, and how to take proper care
of the healing limb. Regular clinical follow-up
is essential, so they should never miss a clinic or
doctor’s appointment. By learning about their
care and participating in every step of the
healing process, including taking prescribed
medications, eating correctly, exercising,
changing dressings and using the prescribed
pressure garment, amputees will increase their
readiness for a prosthetic fitting.
The rehabilitation team will determine

Orthopedic Shoes

readiness for a prosthesis based on the
amputee’s health status. The team must be
assured that the stress of walking with a
prosthesis will not cause additional problems
that could lead to further health complications.
This decision is usually made when the stump is
well-healed at the suture line, when there are no
other open lesions on the stump or intact foot,

and when the swelling has been significantly
reduced.
Finally, the level of physical fitness must be
determined for selecting the suitable type of
prosthetic components. The physically fit who
are very active and vary their cadence will need
prosthetic components that allow them to
change walking speeds and participate in
recreational activities. Others
who are able to walk about
the house or in parts of the
community but cannot vary
their speed of walking will
receive a prosthesis designed
for mobility with minimal
effort. And for those who, for
whatever reason, do not
possess the physical ability to
walk, a prosthesis may still be
considered to help them and
their caretaker with transfers
or with getting in and out of
the various rooms in the
house.
The goal of any prosthetic
rehabilitation program is to
assist the amputee from the
time of surgery to successful
prosthetic ambulation as
quickly as possible and
without complication. This
is a team effort and requires

participation by all the members, including the
person who lost the limb. When the rehabilitation team works together, the time to prosthetic
fitting can be relatively quick, barring any
complications. Rehabilitation begins the day
after surgery and for most becomes a part of
everyday life. As frustrating as that can be for
some, the truth is that the sooner the reality of
limb loss is embraced, the sooner an amputee
can get back to life. In the words of Dr. Heartsill
Wilson, “God has given me this day to use as I
will ... what I do today is important, because I
am exchanging a day of my life for it!”

Robert S. Gailey, PhD, PT,
is an assistant professor at
the University of Miami
School of Medicine,
Department of Orthopaedics, Division of
Physical Therapy. He has
authored over 40 publications and lectured
around the world on a wide variety of topics
related to prosthetics, amputee rehabilitation and sports medicine for athletes with
disabilities.
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CHOOSING A
PROSTHETIST
by Wendy Beattie, CPO, FAAOP
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Choosing a prosthetist is an important decision
for those facing an amputation, for those who
have a family member with limb differences,
and, sometimes, even for those who have worn
prostheses for years.
Each person’s needs and preferences are
unique. Your physician and therapist may be
able to recommend a prosthetist - but remember
the choice is ultimately yours. Ask why they are
recommending the person and if they have other
suggestions. You will be looking at the qualifications of both the prosthetist and the company
where he or she works. The prosthetist should
be a knowledgeable, reliable professional; the
company is important for logistics and insurance coverage.
Proximity to your home can be critical. A
prosthesis is a custom-made device that will
require several visits for a proper fit and
numerous follow-up visits to maintain a good
fit. If the prosthetist is too far away, it may
discourage you from keeping appointments, so
it’s important to choose someone at a convenient
location.
Make certain the company and facility are
reputable. How long have they been in business?
Are the facilities clean and accessible? Do they
have a program for addressing complaints
or problems? Do they accept your
insurance? Some insurance companies require prior authorization; will
the company take care of this, or is
this your responsibility? How much
out-of-pocket expense will you have
to incur? Are there any options for
payment plans? Is there someone
available to help you in an emergency?
You may wish to talk to someone with a
similar situation as yours - an individual of
about the same age and amputation level
who enjoys the same activities. If you are
unfamiliar with anyone in your situation, does
the company know of such a person? The
Amputee Coalition of America (ACA) can
provide you with a listing of support groups in
your area.
Having a prosthesis made for you requires
time, patience and communication. While
choosing a surgeon may entail finding someone
with the necessary skills and the ability to
communicate with you, choosing a prosthetist

will require different criteria. An easy and
comfortable rapport is imperative, since this is
someone with whom you will most likely develop
a long relationship. No matter how talented a
practitioner, he or she cannot feel inside the
prosthesis or know your life style, your living
situations, your hobbies and your goals. If the
person you are referred to does not fabricate
what you need, perhaps he or she can put you in
contact with the right person.
Once you have found a prosthetist who fits
your needs, the two of you share the responsibility to make your prosthesis fit and function
optimally. Will the prosthetist discuss options
with you and guide you toward a decision? Does
the prosthetist tell you what is best for you? Can
you try different things before making a final choice?
You will have your own set of priorities. Do
you want to run? Is the cosmetic finish of the
prosthesis your primary concern? Can the limb
be put on and taken off quickly and easily?
Make these priorities known at one of the initial
visits. This diminishes the chances for misunderstandings and disappointment.
Continuity of care is important. It may take
time to reach your goals. It is best for the
prosthetist who designed and fit the prosthesis to
follow up and make whatever adjustments are
necessary. If you feel your prosthesis or your fit
with your prosthetist is not the best, shop
around. The time to look for a new prosthetist is
not when you are in dire need of a new limb, but
when you have time to make an informed
decision.
For more information on choosing a
prosthetist contact the Amputee Coalition of
America (ACA) toll-free at 1-888/267-5669.

About the Author:
Wendy Beattie, FAAOP,
CPO, is a certified
prosthetist with Becker
Orthopedic in Waterford,
Michigan. She currently
serves on the board of
directors of the American Academy of
Orthotists and Prosthetists (AAOP), is on
the editorial board of “The Journal of
Orthotics and Prosthetics,” and is the
executive director of Special Opportunities
for Amputee Rehabilitation (SOAR).

A closer look at the ABC and BOC - in their own words
American Board for Certification in Orthotics and
Prosthetics, Inc. (ABC)
Established in 1948, the American Board for Certification in Orthotics
and Prosthetics, Inc., (ABC) is the largest and most experienced
credentialing organization for orthotic and prosthetic (O&P) practitioners
and facilities in the United States. The ABC has adopted rigorous
education, clinical and testing requirements for providers of O&P services and
the highest organizational and safety standards available in the profession.
The National Commission for Certifying Agencies (NCCA) approves ABC’s
certification process. To obtain approval by the NCCA, a credentialing organization must meet a lengthy and comprehensive set of criteria in such areas as
examination validity and reliability, safeguards to protect the public interest, and
the establishment of qualifications appropriate to the certified occupation.
To become certified by ABC, a practitioner must have a bachelor’s
degree in O&P or a Bachelor of Science degree and a postgraduate
education certificate in O&P from a program approved by the Commission
on Accreditation of Allied Health Education Programs (CAAHEP). They
also must complete a 12-month residency program in O&P prosthetics
that adheres to standards developed by the National Commission on
Orthotic and Prosthetic Education (NCOPE).
The ABC examination programs are based on the Practice Analysis of
the Disciplines of Orthotics and Prosthetics, a study that describes the
major and specific activities performed in the practice of O&P, and
identifies the associated knowledge and skill base. Each practitioner
certification candidate must pass three examinations: a written exam that
tests the critical core knowledge related to O&P, a simulation examination that
measures a candidate’s decision-making skills, and a clinical patient management examination that assesses the candidate’s practical, hands-on patient
management skills. A systematic revision process of the credentialing examination programs keeps them current and relevant to today’s O&P practice.
Practitioners are certified for five years, and recertification is required at
five-year intervals thereafter. This is accomplished by presentation of
evidence of participation in accredited continuing education activities.
ABC certification is recognized by a number of federal and state
agencies for the establishment of standards for O&P practitioners and
facilities. Increasingly, government and third party agencies require ABC
certification and accreditation to ensure that patients receive quality O&P
services. Additionally, other accrediting bodies, such as the Commission
for the Accreditation of Rehabilitation Facilities (CARF), mandate ABC
certification for the provision of O&P care in their member facilities.
In the area of ABC accreditation, O&P facilities must meet five distinct
categories of criteria: (1) organization, governance and administrative
management, (2) professional staff qualifications and responsibilities, (3)
patient care management, (4) quality assessment and improvement, and
(5) facility and safety management.
As of 2001, more than 3,500 practitioners are ABC-certified orthotists,
prosthetists or orthotists/prosthetists. More than 700 organizations
encompassing approximately 1,100 facilities have achieved ABC
accreditation.

The Board for Orthotist/Prosthetist Certification (BOC)
The progress and success of your rehabilitation following an amputation depends on the skill, knowledge and caring of your prosthetist and
your doctor. The Board for Orthotist/Prosthetist Certification (BOC)
understands this and offers this guide to choosing a prosthetist. First, your
prosthetist should be certified by a nationally accredited agency such as the
BOC. Certification is important to you because it indicates that the person
has been tested and found to be competent by objective measures, not just
selected by an employer or physician. Ultimately, however, the prosthetist
must meet your needs as a person.
Consider the following before making your choice: What activities will
you expect to perform after the fitting of your prosthesis? Are there some
that are more important than others? As hard as this may seem, make a
list of activities you think you need to be able to do. Do you need help in
locating a surgeon, or a physical or occupational therapist? What financial
support do you have? Is there a support group in your area that you can
call on for advice? And of course, there will be others. Keep in mind that
the professionals you select should be aware of your concerns and work
with you to help you meet your goals and expectations.
Next, assemble your “rehabilitation team.” And remember, you are the
most important member of that team. That’s why you must be actively
involved in assembling the players. The more active you are able to be in
this effort, the better your outcome will be. Not everyone has the opportunity to choose the team before surgery. If you do, select a surgeon and
prosthetist known to work together for your interests. It is totally appropriate to interview the doctor or prosthetist. After all, it’s your life that is being
affected and your participation will help you succeed. The loss of a body
part can be very traumatic. Restoring function after trauma should be
your primary goal - and the more you are involved in the process, the
greater your success will be.
So, choose your prosthetist, doctor and other professionals carefully.
Look for those who are both skilled and caring individuals. Ask questions
and learn what options are open to you. And you will, indeed, have the best
rehabilitation experience possible. Good luck!

For a listing of prosthetists in your area, call the ACA office
toll-free at 1-888/AMP-KNOW (267-5669)
American Board for Certification in Orthotics
& Prosthetics, Inc. (ABC)
1650 King Street, Suite 500
Alexandria, Virginia 22313
Phone: 703/836-7114 Web site: www.opoffice.org/ABC

Board for Orthotist/Prosthetist Certification (BOC)
506 W. Fayette Street, Suite 200
Baltimore, Maryland 21201
Phone: (toll-free) 877/776-2200 Web site: www.bocusa.org
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THE PROCESS
OF CREATING
A PROSTHESIS
by Bill Copeland, CP, LP
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During the 20 years of my career, I have seen
great strides in the science and fine art of
prosthetic rehabilitation. As an amputee and a
prosthetist, I have always had a burning desire to
improve the world of prosthetics with better
comfort, function, and cosmetics.
The procedures I use to fit an amputee with a
new prosthesis have been learned through
experience, and with the help of my customers
and mentors. Together with their input and
feedback, and through attending seminars,
workshops and local support groups, I have seen
a great evolution in the design and comfort of
prostheses.
Like me, many amputees offered their bodies
as guinea pigs, testing new socket designs, hightech materials, and sophisticated knees and
elbows. Often, when attempting to implement
our new ideas, we ended up with broken devices,
which served to promote further research
and development. The
Paralympic athletes, who
recently competed in
Sydney, are the modernday test pilots in the
pursuit and discovery of a
better design.
Advances in technology,
including lighter weight,
stronger materials and more
anatomically correct,
contoured, flexible sockets,
benefit all amputees.
Componentry, more “intelligent”
than ever before, marries
microchip technology with
robotics to further enhance
prosthetic capabilities.
Focusing the advances of
technology into functionality for
the patient, the prosthetist
creates a device, which is
comfortable
and enhances the personal
ambitions of the amputee. The
best results come from an experienced
and talented clinician who is always thinking

and planning.
Educating and explaining to the amputee
what to expect is an important role that we
assume as healthcare professionals. The
responsibility for keeping abreast of new
developments rests with both the patient and the
prosthetist, thus assuring a positive overall
outcome for the amputee.
These are exciting times for clinicians and
amputees alike. With current advances in
prosthetic technology, and resources available
worldwide, the amputee should be able to be
both functional and comfortable.

Consultation/Evaluation
Pre-Amputation Consult
Ideally, if you are facing amputation due to
disease or elected surgery, you will feel much
better if you can speak to a prosthetist who can
provide important information about what your
realistic expectations should be. Speaking to an
amputee close to your age, gender and
amputation level can be another source of
quality information. You may be able to find a
“peer visitor” through a local support group. If
you need help locating a support group in your
area, call the ACA National Limb Loss Information Center toll-free at 1-888/267-5669.

Evaluation for Definitive Prosthesis
This is the beginning process of designing and
fabricating your new prosthesis. At this time,
your prosthetist will be asking questions about
your previous activities, work, and recreation.
The information is used to ensure that the
resulting prosthesis complements your lifestyle
and best suits your functionality. Speak up about
issues or concerns you’ve had in the past. Each
new prosthesis should be better than the last.
Remember, you are the one who has to wear this
device day in and day out, so you want to be
vocal about its comfort and function.
Different issues will be discussed and agreed
upon, including socket design, materials,
componentry, and how long the whole process
should take. A wide selection of materials and
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Diagnostic Test Socket

Cosmetic Restoration

Most practitioners will use a diagnostic test
socket for the “definitive prosthesis” to ensure a
satisfactory comfort level. Normally this is
fabricated from clear plastic, which enables the
clinician to see the residual limb and visually
identify possible pressure problems and adjust
the test socket before creating a permanent
socket. This is a critical part of the process and
for the hard-to-fit amputee, there may be a need
for more than one test socket to ensure a proper fit.

The final stage can be very exciting for amputees, especially for those who are more cosmetically conscious. Most amputees want their
prosthesis to look and work as naturally as
possible. If we look good, we will feel better
about our inconvenience and ourselves. Some
choose to have artificial skin applied that can
give the prosthesis a very natural appearance.
Prefabricated skin coverings offer a wide array of
skin tones, and some facilities have their own
artists who can add a further touch of cosmetic
realism by adding veins, freckles, hair and
blemishes to the prosthetic cover.
Twenty years of experience has also been 20
years of learning for me. The knowledge I have
gained is always enhanced by interactions with
my customers. Technology will continue to
march forward and there will be new and better
materials. The next amputee who needs a
prosthetic device will be unique in his or her
needs. Care and proper attention by a certified
prosthetist will assure him or her of a smooth
process and a functional
prosthesis.

Dynamic Fitting
and Alignment

componentry to make your prosthesis is
available; therefore, questions about the
materials to be used are appropriate at this time.
Your prosthetist will use the materials best suited
depending on the information you give him. The
choice of materials will not only affect the
performance of your prosthesis but also the
cosmetic appeal. With the right information,
your prosthetist will be able to design the most
functional and comfortable prosthesis for you.
Like a snowflake, each person is unique. What
may be right for one amputee may not be right
for you. Your communication plays an important role in making your prosthesis work for you.

Cast and Measurement
This stage is where the design of the socket
begins, with a mold of the residual limb, or
“stump,” being made either by hand or digitally
scanned by a computer. Due to volumetric and
physical changes of your residual limb, taking
good measurements and keeping those
measurements in your file or on a computer disk
for later reference can help to justify future
fittings and adjustments.
Once the cast is taken, it is filled with plaster,
and then modified to enhance comfort and
weight-bearing areas.
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At this stage of the process, the prosthesis will be
tested for comfort and function. The prosthetist
will make the necessary adjustments in the office
before letting you try it on for a one- or twoweek test run. Don’t rush this stage! You want
your prosthesis to be as comfortable and
functional as possible. It is easier to adjust the
prosthesis before a cosmetic cover is applied.

About the
Prosthetist:
Bill Copeland, CP, LP, is a
lower-extremity specialist who trained for 15
years as assistant chief prosthetist of the
Sabolich Prosthetic Research Facility in
Oklahoma. He opened and served as clinical
director for the Sabolich Florida division
and later served as lower-extremity
specialist of Florida for NovaCare/Sabolich.
Currently, Bill Copeland heads up his own
team at Copeland Prosthetics and Orthotics
in Tampa, Florida. He can be reached for
comments toll-free at 1-866/330-5300 or on
his Web site: Copelandprosthetics.com

PROSTHETICS
AND AGING:
MOBILITY FOR
THE LONG RUN
by Kevin Carroll MS,CP, FAAOP
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Let’s face it... we are aging. This includes you,
me, and every other person on the planet.
Whether you’re 19, 90, or somewhere in
between, as each year passes, you are getting
older. The dictionary defines aging as “progressive deterioration of bodily
function over time.” This
can be a difficult idea to
accept, especially when
most advertisements,
magazine covers and
billboards feature people
who are young, active and
beautiful. Clearly, our
culture is in denial about
the fact that people age...
that the majority of people
are not 20-somethings
and in optimal physical
condition. What does
all this have to do
with prosthetics?
Everything.
People who have lost a limb face
unique concerns about how the
aging process affects their mobility
and their prosthetic needs.
There are several important
connections between aging and
prosthetics. First of all, consider that
about 70 percent of the prosthetic users
in this country are older adults. The
majority of these people have lost a limb
as a result of diabetes, vascular disease, or
cancer–all illnesses that are associated
with aging. Even before losing a limb,
these older adults were beginning to face
the physical and mental changes that
accompany aging.
Getting older is not something
that younger prosthetic users
are likely to be thinking
about. Generally, they
want to be active
and are interested
in trying some of
the more special-

ized components that are coming out. Yet aging
can have a dramatic effect on the skeletal and
cardiovascular systems... the two body systems
that are most vital to the prosthetic user.
Any one over the age of 30 needs to recognize

that aging will have an effect on his or her
mobility.
Finally, there is an important psychological
aspect to the relationship between aging and
prosthetics. Both older adults and the practitioners who serve them need to keep a positive
outlook about what it means to be getting older.
It is critically important to believe in the
potential for good outcomes and happy lives,
regardless of a person’s biological age.

Young at heart
Recently, I visited with a prosthetic patient who
was 95 years old. She was not preoccupied with
her age or her health, but she was interested in
getting a lightweight leg so she could be more
active. Her main expectation was that her
prosthesis would last at least five years before it
needed to be replaced. After all, she had a lot to
do and she didn’t want to be slowed down by
any mechanical problems with her artifical
limb. This one lady - who’s planning on getting
her next prosthesis around age 100 - symbolizes
the positive mindset of a productive older adult.
FirstStep
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She has a sense of purpose in
her life and goals that motivate
her to stay active and mobile. It
may be gardening, or spending
time with friends, but whatever
the case, being interested in life
is critical to your success as an
older prosthetic user. So is
playing a proactive role in your
prosthetic care. When this
woman had her prosthetic
evaluation with me, she took the
lead, telling me what she wanted
from her prosthesis and what her
expectations were. At 95, she
wasn’t about to settle for a
dormant life, wearing a heavy
leg, or not being heard by her
prosthetist. Many older adults
struggle with their ability to hear,
which means they might have to
ask their care providers to speak
slowly and loudly. Like this lady,
if you insist on being heard, you
are much more likely to get what
you want, need and deserve to
have. Her approach to life offers
many lessons for both prosthetic
patients and clinicians.

Use it or lose it
Prosthetic users of all ages need
to know that as they get older, their skeletal
system changes in ways that could affect their
mobility. It is vital to be aware of these changes
and of what you as an individual can do to
strengthen and protect your bones.
Bone density, mass and strength all naturally
begin to decrease with age. One example of this
is the decrease in height that begins in males
around age 40, and in females around age 43.
After the age of 50, loss of bone tissue shows a
marked increase, particularly among women.
This process, known as osteoporosis, results in
bones that are porous, thinning and vulnerable
to fracture. Most women will lose about 30
percent of their bone tissue, while men average a
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17 percent loss. More than 1.5 million American
women will suffer some kind of fracture this year
due to osteoporosis.
Lower-extremity prosthetic users, in
particular, need to protect their bones. Longterm use of a prosthesis requires a strong and
healthy residual limb, including the residual
bone that supports it. The most strengthening
thing we can do for our bones is to be active.
Did you know that an unstressed lower limb will
lose up to one-third of its bone mass? This
presents a real dilemma to lower-extremity
users. Amputation through the bone means the
leg can no longer directly bear weight, and yet
weight-bearing activities strengthen the bone.

X-rays of above-knee
amputees often reveal
significant bone loss in the
residual limb just a few
weeks after amputation.
This is why it is vital for
people of all ages to get
moving as soon as they can
following an amputation,
and to stay active for the rest
of their lives. Walking,
running, skating, aerobics,
weight lifting, dancing,
tennis and basketball are all
bone-strengthening activities
that many prosthetic users
enjoy.
Even with regular activity,
the bones of residual limbs
become brittle over time,
particularly in above-knee
amputees. It is essential for
those who use lowerextremity prostheses to
spend a few minutes every
day contracting and
releasing the muscles of the
residual limb. This “fires”
the muscles so that they
grow and serve as greater
protection for the bone.
Staying active is important for another reason: Regular exercise helps
prevent cardiovascular disease, the leading
cause of death in the United States. About 60
percent of men over 60 and women over 80 will
experience major narrowing of the arteries. In
fact, vascular problems are one of the primary
causes of lower-extremity amputation in older
adults. Many older adult prosthetic users are
especially vulnerable to cardiovascular problems
that stem from inactivity.
Emotions such as sadness and fear can be
immobilizing, but physical therapy and an
ongoing exercise program can help counter
these feelings.
Studies have proven that regular exercise

stimulates the release of chemical endorphins
that help lift depression.

Diet
What you eat is also important and can have a
marked effect on your bones and your cardiovascular systems. It is important to include
calcium-rich foods in your daily diet like milk,
yogurt, fish and dark green vegetables. Eating
for cardiovascular health means reducing your
intake of fats and increasing your
consumption of vegetables, fruits and whole
grains. I recommend that prosthetic users
discuss concerns about osteoporosis and
sufficient calcium intake with their physician. A
painless bone density scan can show whether or
not your bones are osteoporotic. Depending on
your specific situation, your physician may
prescribe calcium and vitamin D supplements,
estrogen or fluoride.

Comfort
Unfortunately, an uncomfortable prosthesis is
often the biggest hurdle to recovery that many
lower-extremity users face. If the socket doesn’t
fit properly, the result is pain and discomfort,
making it almost impossible to be active. Older
adults need to know that with modern technology, they can expect their prosthesis to be both
lightweight and comfortable. Gone are the days
of rigid, heavy limbs. Advanced materials such
as urethanes, improved silicones, titanium and
carbon fibers have led to the development of
flexible contoured sockets and limbs that are
very lightweight.
The comfort level of the prosthesis has
everything to do with the socket design. A better
understanding of the underlying anatomy of the
residual limb results in a socket that is contoured for bone, muscle and vascular areas.
These total contact sockets also bend, expand
and contract, providing a massage-like feature
that improves circulation and reduces swelling
in the older adult’s residual limb. When the user
steps on the prosthesis, the muscles in the
residual limb expand and the socket also
expands. When the muscles relax in the swing

phase of the gait, the socket instantly contracts
and clamps back onto the residual limb. This
responsive quality of the socket material is
known as “memory.” Prosthetic consumers
frequently tell me that their sense of stability and
confidence is increased when wearing this type
of dynamic socket.
Older adults generally have fragile skin due to
age-related changes such as thinning of subdermal tissue and loss of surface elasticity. This
makes protection of the skin on the residual limb
very important. Consumers can find the
protection they need in one of the many gel-type
liners that are now available. This is infinitely
more cushioning than a sock or even several
layers of socks. Liners provide a supple
cushioning layer that reduces stress to the
residual limb and the surface friction that
naturally occurs with movement, protecting the
skin against breakdown. This helps the older
adult user to be more comfortable and enjoy
longer periods of activity.
Components such as shock-absorbing pylons
and dynamic-response feet are not just for
younger prosthetic consumers. Older adults
have equally as much to gain from incorporating these performance-oriented elements into
their limb. Today’s dynamic pylons allow for
flexibility during ambulation and can provide
vertical shock absorption and torque absorption.
The ankle and foot unit of the prosthesis should
be adjustable and provide dynamic response.
This combination offers extra cushioning and
makes walking easier, thus increasing the
activity level and the quality of life for older
adults.

Understanding the aging process

and to keep setting goals.
• Seek personalized medical care.
• Participate in physical rehabilitation and
regular exercise.
• Eat a heart-healthy, calcium-rich diet.
• Work at being an informed and proactive
prosthetic consumer.
• Team up with a prosthetic provider who
listens to you and wants to help you reach
your goals, whatever they may be.
Older adults deserve access to the same
standard of high-performance prosthetic
technology as younger users. Remember, the
best years of life just may be the ones that arrive
after age 60.
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The aging process is something American
culture tends to deny. Prosthetic users, regardless of their age, need to be aware of the special
concerns they will be faced with as they age. If
your goal is mobility for the long run, be
mindful of the following strategies.
• Develop an understanding of the aging
process and its effect on the body.
• Strive to maintain a positive mental outlook
FirstStep
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PROSTHETIC
KNEES

F

by John W. Michael, MEd, CPO, FAAOP, FISPO

For people who have lost their biological knees, the function and reliability
of the mechanical knees in their
prostheses are critically important.
However, no presently available manmade device can replace the subconscious voluntary control we have over
our natural knees. So, the prosthetist
and amputee are faced with choosing
the best from the available alternatives, understanding that even with
the most advanced available technology, walking with a prosthetic knee
will still require concentration,
practice and increased reliance on the
nonamputated leg. This article is
intended to help amputees and
interested family members participate
actively in this important discussion
with their prosthetist.
The walking cycle can be divided into two
parts: The period when the leg is on the ground
supporting the body is called the “stance phase,”
while the time it is off the ground is termed the
“swing phase.” One convenient way to evaluate
a person’s prosthetic requirements is to look
more closely at his or her stance and swing
phase capabilities. Once the individual’s
biomechanical needs in both these areas have
been clarified, the prosthetist can then suggest
artificial knees that provide the necessary
function.
Please note that the cost of a prosthetic device
is usually directly related to its complexity, but
not to its suitability. For some people, one of the
more basic prosthetic knees will be just fine;
others will require a very complex device to fully
meet their goals. As a general rule, the more
limited a person’s walking goals, the simpler
and less expensive the prosthesis is.
One of the obviously important requirements
during the stance phase is that the prosthesis
remains sufficiently stable so the person does not
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A locked knee is the most stable option, but it creates an
unnatural walking pattern and must be manually
unlocked with a release cable when the wearer wants to sit.

fall while walking. Such stance stability may
come from the knee design or from the
amputee’s muscle power or a combination of
both. When the amputee is in good health and
has a relatively long residual limb for leverage,
he or she may be able to use the hip muscles on
the prosthetic side to control knee stability when
walking indoors. An amputee who can also
compensate instantly for irregular surfaces and
readily negotiate ramps, curbs, stairs, and
similar barriers may consider the most basic of
prosthetic knees: the single-axis knee.

Despite their
mechanical complexity,
the multiple centers of
rotation in polycentric
knees allow the
designers to make
variations that are
stable in early stance
yet easy to bend for
swing phase or sitting.

This is basically a “door hinge” in the
prosthesis that bends freely at the level of the
anatomical knee. The major advantage of the
single-axis knee is the simplicity of its design,
which makes it the least expensive, lightest, most
durable option available. This knee is used most
frequently for children’s prostheses because it is
so rugged and because kids will outgrow their
artificial limbs every year or so. It is also the
knee of choice for adults who live in remote
areas, find obtaining prosthetic follow-up
difficult, and therefore value mechanical
reliability above all else. This is one of the most
commonly used knees in the developing parts of
the globe, but it is used selectively in countries
where other options are readily available.
There are two major limitations to the singleaxis mechanical knee. As noted previously, it is
only safe if the amputee can use his or her
muscle power to make it so. Although this
presents little challenge to small children
brimming with energy, it is seldom possible for
older amputees to control such a simple knee.
In addition, all knees with mechanical swing
phase control can be adjusted to walk optimally
at only one walking speed. Since most adults
walk faster at some times than others, this swing
phase limitation is a significant one.

Knees that combine two
or more basic functions,
such as this silver
polycentric knee with a
small black-colored
hydraulic swing phase
control, are sometimes
referred to as “hybrid”
designs. This particular
design also has a builtin shock-absorbing
feature so that it can be
partially flexed under
weightbearing without
collapsing.

This limitation can be overcome by adding
“fluid-control units” to a basic single-axis knee
frame. Such fluid-controlled knees, either
pneumatic or hydraulic, have a rotary or linear
piston linked to the knee that automatically
increases or decreases the swing phase
resistance as the amputee speeds up and slows
down. This has been demonstrated to result in a
more normal gait pattern and to allow the
person to participate in activities that would be
impossible with a single-speed knee. When they
are properly aligned and adjusted, fluidcontrolled knees “keep up with” the amputee’s
pace across a variety of speeds from fairly slow
to moderately fast. Providing they can always
keep the knee stable in stance phase with their
muscles, active people may prefer the basic
“fluid swing control only” prosthetic knees. The
picture at right is an example of a single-axis
frame with a hydraulic fluid-control unit
weighing only a few ounces more than
the basic single-axis knee. The majority of
amputees, however, are not able to control their
prosthetic knee under every circumstance. For
Weightbearing-activated stance control or “safety” knees are example, walking indoors on a level hardwood
useful when the amputee cannot control the prosthesis
floor is much easier than negotiating deep pile
consistently, but the slow pace and short step they create
carpets, cobblestones, or grassy slopes. Hiking
make them a good choice only for the relatively poor walker.
Most work similarly to this example. Weightbearing on top of and carrying grandchildren are even more
difficult . To make such everyday tasks easier
the knee compresses the spring (5) and causes the knee to
clamp against the brake surface (6) thus preventing further and safer, many amputees prefer a knee that has
knee movement. When the knee is unweighted, the spring
stance phase stability built in.
releases the brake effect and the knee can then be bent.
Three levels of stance control are available.

Very feeble individuals, or those with poor hip
control from a stroke or other medical complications, sometimes feel safest with a manual
lock knee. This knee is normally locked
completely straight for walking. With this
device, the amputee provides no voluntary
stance control since the prosthesis does it all.
Although it may seem desirable to have the
prosthesis maximally stable at all times, there is
ample evidence that walking with a locked knee
is not ideal. In fact, a stiff knee may be dangerous should the amputee stumble, since it cannot
be bent to control the direction of the fall. In
addition, a stiff knee forces the person to walk
with a limp similar to the character “Chester”
from the old “Gunsmoke” television series.
Finally, in order to sit down with the knee bent,
the person must pull a release lever or cable to
unlock it, which is often awkward.
For all the above reasons, most clinicians use
the manual lock knee only as a last resort.
However, if this is the only prosthetic knee you
can handle it may be your best option. But,
most amputees can learn to use one of the more
stable but free-swinging knees after a little
practice in the safety of parallel bars.
In the developed areas of the world, the
average age of the new amputee is over 60 and
many new amputees in their 70s, 80s and even
90s are candidates for prosthetic rehabilitation.
Particularly when the amputation was due to
poor circulation, the doctors may have been
forced to amputate at a very high level. The
combination of a relatively short residual limb

The addition of fluid
control, such as the
miniature hydraulic
cylinder just inside this
lightweight alloy knee
system, is necessary to
allow the amputee to
walk at various speeds.
This is not possible with
mechanical swing phase
control units.
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and weakness from poor blood circulation may
create a situation in which the amputee can only
control the prosthesis for a few steps before
becoming too tired to continue safely. Commonly, such persons may need to use a walker
for balance and therefore take very short steps.
The stance-control knee was developed for just
such a situation.
Sometimes colloquially called “safety knees,”
these devices typically contain a weightactivated friction brake that can stop knee
motion. When properly aligned and adjusted,
stance-control knees swing freely when there is
little or no weight applied to the prosthesis.
Although it is not possible to have a normal gait
with such devices, they do permit knee movement in swing phase, making them superior to
the manual-lock alternative for those who can
master their use.
Stance-control knees are best used to
supplement limited amputee knee control by
providing extra security in the event of a misstep.
When the amputee is rested and alert and keeps
the knee straight during weightbearing, added
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Some polycentric models are designed specifically for use
with knee disarticulation and similarly long residual
limbs. Since the goal is to minimize the distance to the front
when it is bent for sitting, such designs are not necessarily
intended to add stability.

stance stability is not needed. But, if the
amputee makes a mistake and tries to step on a
knee that is partially bent, as he or she shifts
weight onto the artificial leg the brake stops it
from collapsing and permits the amputee to
complete the step safely. This feature makes the
stance-control knee a common choice for the
initial prosthesis.
The greatest limitation to all stance-control
knees is that they disrupt the preswing phase of
gait because they cannot be flexed under much
weightbearing load. The braking feature that is
so useful in early stance phase becomes a
liability later in the gait cycle, forcing the
amputee to walk slowly and to take small steps.
If the person’s medical condition prevents him
or her from ever walking faster or more
naturally, this is not a problem. But, like the
manual-lock type, stance-control knees should
be used selectively and should be replaced with
more functional alternatives as soon as the
amputee’s walking ability increases sufficiently.
The final basic prosthetic knee configuration
is the most mechanically complex. A polycentric

This flowchart illustrates one way to use the biomechanical capabilities of the amputee as a guideline for
prosthetic knee selection based on swing and stance phase capabilities.

The single-axis knee is often used by small children because
the mechanical simplicity of its basic design makes it the
most rugged as well as the least expensive alternative.

knee can be visually identified by its multiple
axes of rotation.
Sometimes called “four bar” knees, these
prosthetic devices are designed to be very stable
in early stance and yet easy to flex during
preswing.
The biomechanics of why this is possible are
beyond the scope of this article, but the result is a
knee that can supplement the amputee’s
voluntary control without disrupting swing
phase movements. For this reason, polycentric
knees may be suitable for many amputees with
the potential to be independent household or
community ambulators. Certain versions may
offer sufficient stability for those who cannot
walk securely with other knees or for people with
bilateral lower-limb loss. And, a special group
of polycentric knees are designed specifically to
minimize the distance from the top to the front
of the prosthetic knee for people with very long
residual limbs.
The biomechanical versatility of polycentric
knees is probably the major reason for their
increasing popularity worldwide. The primary
drawbacks of the polycentric design are the
additional weight and the service requirements
of the moving parts. But, in many cases, the

benefits of the enhanced biomechanical function
outweigh such concerns. The standard
polycentric knee has only mechanical swing
phase control and therefore is a single-speed
design. Although this may be quite sufficient for
some people, amputees who want to walk at
various speeds can consider one of the many
polycentric knees that incorporate fluid swing
phase controls. Prosthetic knees incorporating
the features of two or more basic designs are
sometimes referred to as “hybrid” designs.
All presently available prosthetic knees can be
described using one or more of the basic designs
discussed. Is the basic structure a single-axis or
polycentric one? Does it also include friction
brake stance control or a manual lock feature?
Is the swing phase control the basic single-speed
mechanical type, or is there a hydraulic or
pneumatic swing control unit included? The
diagram on the previous page is an example of a
“prescription criteria decision tree,” which may
help determine from a biomechanical control
standpoint what basic features and designs
would be appropriate for an individual’s needs.
Readers are encouraged to discuss these
concepts with their prosthetist and other
members of the rehabilitation team.
In closing, the recent availability of computerized or “microprocessor-controlled” prosthetic
knees must be mentioned. There are several
such new knees available, and they all use the
power of computer technology to enhance the
clinical function of basic mechanical knee
designs. For example, some use a computerregulated valve to adjust the swing phase
resistance of a pneumatic cylinder. In principle,
this is similar to having your prosthetist inside
your prosthetic knee, constantly adjusting and
readjusting it to offer the smoothest possible
swing phase movement. When you slow down,
the “computerized prosthetist” opens the valve
and makes it easier to swing the leg. As you
speed up, this “computer wizard” gradually
closes the valve and the knee moves faster and
faster.
Another design uses the computer to control
hydraulic resistance for increased stance phase
stability in addition to enhanced swing phase
control. In the more advanced systems, such

adjustments are based on readings taken from
multiple on-board sensors that measure how the
prosthesis is walking and adjust it as frequently
as 50 times per second!
Today, the great majority of amputees will
continue to use the proven mechanical
prosthetic knees that are much more widely
available and significantly less costly or complex
than the microprocessor-controlled designs.
But, as was the case in the design of gasoline
engines for automobiles, if the early results from
microprocessor control continue to be positive
and researchers continually improve the
responsiveness, reliability, and ease of use of
these systems, computerized devices may
become the future standard.
In summary, a lower-limb prosthesis is a
mobility device. As when choosing an automobile, the question to be answered is not “What is
the most advanced design?” or “What is the
most expensive version?”, but rather “What is
the least expensive alternative that will fully meet
my present and anticipated needs?” The
concepts presented in this article should help the
amputee consumer enter into this dialogue in an
informed and more confident manner, as an
effective collaborator on the prosthetic rehabilitation team.
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PUTTING
YOUR BEST
FOOT
FORWARD
by Scott Sabolich, CP

P

Place a new, high-performance prosthetic foot
next to a foot designed 10 years ago and you
won’t believe your eyes! What was once bulky
and rigid has evolved into something sleek and
flexible. In fact, the modern prosthetic foot
resembles a contemporary sculpture. And for
people who rely on it to move them through life,
it’s not an overstatement to describe it as a work
of art.

New materials
Over the past decade, options in prosthetic feet
have expanded from a mere two or three basic
styles to an array of 40 or more different models.
Virtually every aspect of prosthetic foot design
has changed, starting with the materials.
Fabricated from high-tech plastics and
carbon fiber composites, this new breed
of prosthesis is both durable and flexible…two
qualities once thought to be mutually exclusive.
The heaviness and bulk of older prosthetic feet
have been eclipsed by contemporary designs that
are light in weight and sleek in profile. Mimicking the function of the human foot, today’s
dynamic feet actually store and return energy.
This feature makes walking easier and less
tiresome, while increasing the user’s comfort
and control.
A prosthetic foot is often actually a combination of foot, ankle and pylon. It may be an
exposed metal or composite structure or it may
have a cosmetic covering that gives it the
appearance of a human ankle and foot. Most
feet are attached directly to the pylon, which is
the portion of the prosthesis that replaces
the amputee’s lower leg. Some feet have the
added feature of being adjustable. This increases
the user’s stability on inclines, stairs, rough
terrain and uneven surfaces.

Selecting the right foot for YOU
So how can you select just the right foot for your
lifestyle? Several factors must be considered:
your activity level, occupational requirements,
foot size, weight and amputation level. With so
many choices available, it is useful to place
prosthetic feet in broad categories and examine
one category at a time, starting with basic
cushioning feet.
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Basic feet
Most basic prosthetic feet come in two types:
SAFE ( Solid Ankle Flexible Endoskeleton) and
SACH (Solid Ankle Cushioned Heel). These
designs consist of crepe neoprene or urethane
foam molded over a wooden keel and shaped to
closely resemble a human foot. These feet offer
cushioning and energy absorption but they do
not store and release energy and are not
considered dynamic. Because they have no
moving parts, basic feet are virtually maintenance-free. SAFE and SACH feet are used most
often on a patient’s first or temporary prosthesis
and are eventually replaced by a more dynamic
type of foot. Basic prosthetic feet may be singleaxis or multi-axis in their design. “Axis” refers to
the natural motions of the human foot and
ankle, which occur on three different planes.
First, there is abduction and adduction, which
are the clockwise and counterclockwise rotations
of the leg while the foot is in contact with the
ground. Inversion and eversion refer to the
motions of the ankle and leg inward
and outward during ambulation. Dorisflexion
and plantarflexion describe the up and down
movements at the ankle that enable the leg to
move forward over the foot, pushing the forefoot
to the ground. Prosthetic feet that function on
two or three axes provide increased surface
contact for the foot, improving the user’s
stability.

Dynamic-response feet
The second tier of prosthetic feet, known as
dynamic-response feet, actually store and
release energy as the user ambulates. Dynamicresponse feet are very much like sophisticated
springs that cushion when the heel strikes and
use the absorbed energy to push the foot forward
into mid-stance and then into toe-off. The
spring action at toe-off propels the prosthesis
through the swing phase of the gait, and the
pattern then repeats. The comfort and responsiveness of a dynamic foot can be an important
part of enabling a prosthetic user to advance
from a minimal activity level to a moderate
activity level. Whether walking on an even
surface, on stairs or inclines, or running, the gait
pattern of the prosthetic foot replicates that of
the human foot – heel strike, mid-stance, toeoff, swing. The dynamic-response foot provides

good “energy return,” meaning that a high
percentage of the energy expended when the
user steps forward is stored within the foot
system and then returned as momentum for
each successive step.
People with more-active life styles require
these more-responsive feet. They are lightweight and comfortable, and usually operate on
multiple axes. The result is increased surface
contact for the foot, which means greater
stability and control for the user. Many dynamic
-response feet feature a split-toe design
that further increases stability by mimicking the
inversion/eversion axis of the human ankle and
foot. Again, inversion and eversion are the
movements of the ankle inward and outward
during ambulation, while the sole of the foot
maintains solid surface contact. Cassie
Chambless is a 10-year-old below-knee

alignment. These extra features play an
important role in dampening and absorbing
shock to the residual limb and help create a
more fluid gait pattern. Bumpers and bushings
are usually customized by the prosthetist to
accommodate each individual’s activity level
and body weight. College Park’s TruStep foot
utilizes multiple bumpers, pads and bushings;
the Ossur Masterstep integrates various
replaceable bumpers with an adjustable heel
height. Patients need to remember that feet with
multiple moving parts usually require more
maintenance. Also, due to the need to have
access to moving parts, it is difficult to design an
effective cosmetic covering for this type of foot.

Pathfinder from Ohio Willow Wood

High-performance feet
The final tier of prosthetic feet are those considered to
be high-performance. While young athletes seek to
gain a competitive advantage with these feet, it’s
important for older adults to realize that they, too, can
gain dramatic improvements in mobility. Although
these are two very different kinds of gain, each is of
equal importance to the individual user. With energy
return reaching 95 percent or greater, highperformance feet are for any amputee who wants to
be very active and very comfortable.

Lo Rider from Springlite

Talux from Ossur

amputee who likes the added stability of a multiaxis foot. “Last year, I played in 85 softball
games,” she says. “I feel steadier than ever with
my new foot.”
Some examples of dynamic-response feet well
suited for community ambulators include
Ossur’s Sure-Flex and K2 Sensation. The
Genesis II and the Seattle Lite also fit well in
this category. Energy return percentages for this
level of dynamic foot may reach 90 percent or
greater.
Dynamic-response feet sometimes include
cushioning bumpers at forefoot, mid-stance and
heel, and bushings at the ankle to help control

TruStep from College Park

Included in the high-performance category
are Ossur’s Re-Flex VSP and Modular III and
Springlite’s Advantage DP. Ohio Willow Wood
has recently introduced the Pathfinder foot, an
innovative new design that includes a pneumatic
heel spring.

Total Concept from Century XXII
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At the top end of the highperformance category are feet
designed specifically for
running. These are considered
to be high impact and are used
primarily by athletes. The FlexSprint III and the Springlite
Sprinter are examples of
prosthetic running feet. In fact,
below-knee amputee Roderick
Green competed in the 2000
Paralympics running on a
customized Springlite Sprinter.
As the amputee population has grown, so has
the demand for prosthetic designs that
accommodate specific activities. Examples of
this are feet with adjustable heels. Typically,
there are three reasons individuals may want to
try an adjustable foot. First, they may wish to
adjust their heel height to accommodate
different shoes; second, they might spend much
time walking or standing on uneven surfaces
like golf courses and other outdoor terrain; and
third, they may engage in recreational activities
that require a lot of footwork like tennis,
bowling, or basketball. Adjustable feet give users
much greater control over their dorisflexionplantarflexion. Some are user adjustable, while
others require a prosthetist to modify them. A
few examples of this type of foot are the SAFE
ADJ, the Century XXII Total Foot and Ossur’s
Masterstep.
Another example of a specialized design is
the Leisure Activity Ankle from Ortho
Enterprises. This device allows users to adjust
the angle of their feet from the standard right
angle to a pointed toe angle, which would be
useful for swimming, snorkeling and scuba
diving. Maria Greenfield is a bilateral lowerextremity amputee who is enjoying this adaptive
design. “When I learned to scuba dive, I got
these articulating ankles. I just turn a little key
at the ankle, and I can point my foot down and
put my swim fins on so I can kick and propel
myself through the water,” she says. “I’ve asked
for something like this for years. Before, I always
had to rely on my husband to pull me forward.
It is an awesome thing to be able to do it
myself!”

Putting your best foot forward
is an important goal for all
amputees, not just those who are
young or athletic. Today’s array
of dynamic-response feet literally
offers something positive for
every lower-extremity user,
irrespective of age or activity
level. The correct foot makes
walking easier, requiring less
energy from users while
increasing their comfort and
stability. Patients who are
interested in specific feet should discuss the pros
and cons of each one with their prosthetist and
together they can make the best choice.
Fortunately, some manufacturers allow a trial
period. That means users can actually try out
and compare feet before deciding which one is
right for them. So don’t wait any longer to step
into a new foot and see where it can take you.
Since this article was written, two new feet
have been introduced: Springlite’s Luxon™
Max, a high load bearing foot for toughness,
resiliency, vibration dampening and impact
resistance, and Ossur’s Talux™, offering
natural stride, ideal gait, and secure mobility on
uneven terrain.
For more information on these and other
prosthetic feet visit www.scottsabolich.com
where you will find many links to related
Web sites.
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Carbon Lightfoot from
Seattle Orthopedic Group
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Springlite’s Luxon™ Max
52

SACH foot from Campbell Childs

Stellar foot from Endolite

Genesis II foot from MICA Corp.

A GUIDE TO
“RECREATIONAL”
PROSTHESES
by Arthur D. Graham, CP (USA), CPO (UK)

F

For new amputees, the road to recovery is filled
with many challenges; tasks once considered
routine take on a new level of complexity. The
idea of “recreation” may not come up much in
the early days, but as life begins to return to
normal, amputees can start to focus again on
activities that were an important part of their life
before losing their limb – such activities as
hiking, running, swimming, skiing, golf and
even boxing! (More on that later.) There are
also obvious physical benefits to being more
active on a regular basis. In some cases, the
amputee’s existing prosthesis may be suitable.
In other situations, modifications or even a
second prosthesis may be required.

would be
College
Park’s
Tru-Step
and Ossur’s
Vari-Flex.
The
transfemoral
amputee has
to consider
the type of
knee unit,
the choice of
foot and
how well the
combination
will perform
Take to the hills
Hiking or trail walking can be a great as a unit.
For many
way to exercise regularly without the
transfemoral
need for much specialized equipment
amputees,
other than a comfortable, wellwalking on
suspended prosthesis and
rough ground can increase the risk of stumbling
hiking boots. With the
so it is important to choose a knee unit that will
introduction of so many
gel/locking liners over the allow some degree of recovery from such a
stumble. Knee units to consider would be
last five years, socket
Endolite’s high-activity frame with adjustable
comfort and suspension have been
dramatically improved
and skin irritation
should be a thing of
the past.
For the transtibial
amputee, the focus is
on the type of
prosthetic foot used.
For walking on uneven
ground, the amputee
should choose a foot that
offers multiaxial motion
combined with energy return
or dynamic response. This
ensures that the foot
maximizes contact with the
ground at all times and offers a
high degree of energy return to
the user. Some models to
hydraulic cylinder or The Ultimate Knee from
consider in this category
Ortho Enterprises. The amputee can vary the
amount of knee resistance with a simple
adjustment of the knee unit.
FirstStep
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A common misconception among new
amputees is that it is no longer possible to go to
the swimming pool or beach wearing a
prosthesis. In fact, there are a number of
“swim” prostheses to choose from, depending on
the amputee’s needs.
The simplest swim leg is a lightweight, hollow
(exoskeletal) construction with a waterproof,
nonarticulating foot attached to the end. The
prosthesis has drain holes at the top and bottom
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In the Swim

completely waterproof knees available and is an
extremely versatile unit with adjustable
hydraulic dampening and adjustable friction as
standard.
Though most upper-extremity
amputees can manage to keep
afloat without any assistance, a
swim prosthesis can be useful if
swimming becomes a regular form
of exercise. TRS, based in Colorado,
has designed a freestyle swimming
device that is particularly useful for
the transradial amputee.
The design, which mimics a
folding wing, reduces resistance
during stroke recovery but flares
open to provide maximum
resistance during the power stroke.
The device can be rotated to
optimize various swimming strokes
and styles. Though a relatively
simple design, the overall effect can
dramatically improve the user’s
swimming technique.

Photo courtesy of TRS

FORE!
Golf has become one of the fastest-growing
sports over the last 10 years and is a very popular
pastime among upper- and lower-limb
amputees. There are now several amputee golf
associations around the country dedicated
to helping amputees return to the sport - or
even try it for the first time!
For the lower-limb amputee, the only
major change required to the prosthesis
would be the addition of a torqueabsorption unit. This device allows
amputees to turn their body while keeping
the prosthetic foot in the correct position,
giving them a more natural swing due to
the amount of rotation provided by the

Photo courtesy of TRS

Photo courtesy of Rothschild’s Orthopedic Appliances

that allow the hollow center to fill with
water to reduce buoyancy and then
empty out when removed from the water.
The prosthesis is normally suspended
with a waterproof suspension sleeve. For
a more sophisticated approach, a swim
leg can incorporate an adjustable ankle
unit such as the ActivAnkle from
Rampro. This unit was invented by an
amputee and allows full plantar flexion
capability, making it much easier to kick and
therefore increase propulsion. It can be attached
to a conventional waterproof foot.
The transfemoral amputee, might consider a
waterproof knee such as the 510 nylon knee
from Aulie Devices. This knee is one of the few

Photo courtesy of TRS
Photo courtesy of Endolite

Photo courtesy of Endolite

unit. Both the Endolite and Century XXII units
provide shock absorption as well as rotation.
For upper-limb amputees the choice is

adapter for
amputees.
The Amputee
Golf Grip is
designed for
people
without a left
hand. It can
be positioned
Photo courtesy of Endolite
anywhere on
the club grip and uses the “sound” hand’s
gripping pressure to “lock” the device in place,
preventing slippage and improving control. The
Golf Pro is
designed
primarily for
people
without a
right hand. It
slips over the
shaft of the
club and
then “jams”
in place on
the grip
when pulled
up. Plastic
sizing rings
can be
enlarged to
custom fit the
user’s clubs.
Both of these
devices feature a unique, strong, flexible
coupling, which duplicates the wrist action
required for a smooth, controlled swing.

between learning to swing the club with one
hand (a lot more difficult than it looks!) and
using a specialized adaptive device attached to
the prosthesis. The transhumeral amputee will
almost certainly learn to swing with one hand
but the transradial amputee may opt for an
adaptive device.
TRS produces two versions of a golfing

Back in
the ring
It’s not every
day that an
amputee
boxer visits
the office
and asks
if you can
help improve
his boxing technique. Even more
unusual was that Tim Welch’s (aka Titanium
Tim) amputation was above-knee, on the right
side. The main problem he encountered in the

ring was preventing his Otto
Bock 3R80 knee joint from
collapsing when all of his
weight was on the
right side, and the
prosthetic knee was
flexed. After spending
some time ringside, the
prosthetist and the
Research & Development
Department of Fillauer, Inc.,
came up with a custom-made
flexion limiter. This consisted
of an anchor plate above- and
below-knee, and an adjustable
Dacron strap between the
plates. The device was strong
enough to withstand the
considerable forces applied
during a match, yet could be
removed quickly and easily once
the fight was over.
The days of wooden
“pirate” legs and cumbersome
prostheses that merely helped amputees
move slowly from one spot to another
are gone. Amputees today have the
opportunity to live a relatively normal
life. It’s not just about moving around anymore
- it’s also about having fun in your life.
For more information on amputee recreational topics, contact the Amputee Coalition
of America (ACA) toll-free at 1-888/AMPKNOW (267-5669).

About the Author:
Arthur Graham,
CP, has been living
in the USA for the
past five years. A
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Strathclyde
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Glasgow, Scotland,
he currently works
for New England O & P Systems in Westwood,
Massachusetts. You may contact him at
www.neops.com/
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PROSTHETIC
SOCKS AND
LINERS
Jack E. Uellendahl, CPO

I

Introduction

Cotton

If I were to ask a room full of amputees what the
most important feature of their prosthesis is, I
am certain that comfort would be high on the
list of responses. Without comfort, the most
technologically sophisticated components
become useless. At the most basic level, comfort
within a prosthetic socket is achieved by good
pressure distribution and the management of
friction (shear) forces. Prosthetic socks and
liners are the interface materials in contact with
the residual limb and are integral to the comfort
of the prosthesis.

Cotton has limited application as an interface
material in prosthetics. Its advantages are that it
is nonallergenic and neutral to any skin type. It
can also be washed and bleached with little
dimensional change and it is tough; however,
cotton does not offer the level of absorbency or
the cushioning provided by wool.

Prosthetic socks
Traditionally, prosthetic socks have provided
cushioning and a means to adjust the volume of
the socket. Prosthetic socks are available in
several materials including wool, cotton and
synthetics. Sock thickness is measured by the
“ply” rating, most commonly from 1-ply to 6ply. By varying the ply number and/or the
number of socks worn, amputees can adjust for
changes in the size of their residual limb.
Prosthetic socks should protect the skin against
the destructive forces of pressure and friction in
the skin-socket interface, while also absorbing
perspiration with a wick-like action and
allowing for ventilation.

Synthetic fibers
Man-made fibers are widely used in the
production of prosthetic socks and may be used
alone in their construction or in combination
with natural fibers. One example of an allsynthetic sock is made of polypropylene and
Lycra. This combination provides wicking of
perspiration and transports moisture across the
fiber and away from the skin. The Lycra serves
to accommodate edema or atrophy more easily
due to its elasticity and ability to return to its
prestretched shape.
Wool is increasingly being blended or
combined with man-made fibers. These
products provide the softness, strength or
resiliency of the man-made fibers used and are
easier to care for because they tend to resist

Sock materials
Wool
Wool is an excellent fiber for prosthetic socks due
to its resiliency, absorbency and conformability.
Wool’s resiliency offers cushioning and provides
maximum comfort to the wearer. Its ability to
absorb perspiration quickly without feeling wet
provides excellent comfort in cold, hot, humid
and dry climates. Due to the variety of residual
limb shapes, it is also important for the
prosthetic sock to conform to the contours of the
limb without wrinkling. Knitted wool provides a
smooth, wrinkle-free fit.
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Nylon sheaths come in white and flesh.

reinforced so that pulling taut is possible;
however, leaving a little slack is advised to
prevent stressing the sheath. Sheaths are
generally worn in combination with a thicker
sock, creating a prosthetic sock system.

Gel socks

Flesh-colored nylon sheath with silicone
insert.
shrinking and felting. They also cost less than
all-wool socks and can take advantage of
plaiting - the knitting of one fiber on the outside
of a sock and another fiber on the inside to
benefit from the qualities of both fibers. One
such sock uses wool on the outside for resiliency
and toughness and Dupont CoolMax on the
inside, which provides softness and keeps the
skin cool by transporting perspiration away from
the skin faster than any other fiber. The fibers
spread perspiration over a larger area so that it
will evaporate more quickly. This sock also
contains Microsafe fiber that resists bacteria and
fungus growth for skin health and odor
reduction. Lycra/spandex provides excellent
conformability and free motion of the knee.

Nylon sheaths
Nylon sheaths perform the valuable function of
providing a moisture barrier and controlling
friction between the skin, the sock and the
prosthesis. Sheaths look like hosiery but are
specially constructed at the distal end to offer
maximum smoothness. The top and toe are

Socks and sheaths are also available with gel
attached to, or sandwiched between, the fabrics.
The gel is usually made of silicone and provides
excellent cushioning, pressure distribution and
reduced friction. The thickness and stiffness of
the gel will dictate the cushioning qualities of the
sock. Because gel tends to flow from areas of
high pressure to areas of lower pressure within
the socket, maintenance of a more even pressure
distribution is possible. If the sock or sheath is
constructed with the gel exposed, the gel should
be worn against the skin. This will help protect
the skin from the friction forces created during
walking, since the motion will tend to occur

Different ply of prosthetic socks:
Top: 5-ply
Middle: 3-ply
Bottom: 1-ply
between the gel sheath and the prosthesis rather
than between the gel and the skin.

Volume management
All amputees are aware that the size of their
residual limb changes over time. Most experience subtle, and sometimes not so subtle,
changes in volume over the course of a single
day. Factors that affect the volume of the limb
include reduction of postoperative edema,
muscle atrophy, changes in body weight and the
temporary reduction of fluids in the limb caused
by the normal pumping action of walking in a
prosthesis. To maintain an even, comfortable fit,
it is necessary to accommodate for the volume
changes by adjusting the thickness of the
prosthetic socks. This can be done either by
changing to a thicker sock, i.e., from a 3-ply to a
5-ply, or by adding another 1-or 2-ply sock over
the existing sock. Care must be taken not to
overdo this. If too many socks are used, the
socket will not fit properly and may cause
discomfort and skin breakdown.
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A typical 5-ply prosthetic sock.

Liners
For purposes of this article I will limit my
discussion of liners to those that are worn
directly against the skin and either take the place
of socks or are worn in combination with them.
Over the last decade, we have witnessed a rapid
increase in the variety of liners commercially
available. Depending on their intended use,
these liners can offer some or all of the following
benefits: excellent protection against friction,
dynamic pressure distribution resulting from the
“flow” characteristics of the materials, and
suspension of the prosthesis when fitted with a
distal attachment.

Liner materials
Prosthetic liners are available in silicone,
urethane or a mineral-oil derivative. They are
applied by turning the liner inside out and then
pressing the closed end against the residual limb
and rolling the liner on to the leg. They are
available with or without a fabric backing, which
can ease donning of the liner as it allows the
material to easily slide against itself. The backing
also serves to reinforce the gel for improved
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durability. All of these liners are airtight so that
perspiration cannot escape. This is generally not
a problem because the skin tends to sweat less
within the airtight liner once accustomed to the
sealed environment.

should be worn in rotation, as this gives an
interval of several days during which the socks
can “rest.” Such a rest period allows the wool
fibers to regain their natural resiliency and
elasticity for optimal comfort.

Locking liners

Conclusion

Silicone Suction Sockets were first introduced in
the mid-1980s. These liners are made of a
relatively thin silicone and their primary
purpose is suspension of the prosthesis. An
attachment mounted on the end of the liner
mates with a locking device on the end of the
prosthetic socket, thereby providing a secure
coupling of the residual limb and the prosthesis.
These liners also protect the skin against shear
forces because movement occurs between the
outside of the liner and the adjacent material.
Later, thicker liners were developed with a softer
gel that provides more even pressure distribution
as the gel material flows from areas of high
pressure to areas of lower pressure. Today, these
liners are available with or without the distal
locking feature and are usually worn with
traditional prosthetic socks to allow for volume
adjustments.
Oils and lotions such as mineral oil and Aloe
Vera may be integrated within the gel liner to
help prevent drying and chafing of the skin.

Socks and liners are a critical component of the
prosthetic system and impact comfort dramatically. When used properly they provide a
cushioning effect within the socket, help to
minimize friction forces, and provide even
pressure distribution. As with other prosthetic
options, the selection of the most appropriate
socks and/or liners for each amputee depends
on a variety of factors that are best explored with
his or her prosthetist.

Hygiene and sock care
Prosthetic socks and liners should be washed
daily, carefully following the manufacturer’s
recommendations. Wearing a sock stretches it
and perspiration hardens it. Washing and proper
care restore its shape and soften it. Proper care
of socks will reward the amputee with longer
service and greater comfort. A sufficient supply
of socks should be maintained to allow clean
socks to be worn each day and to allow several
days after washing before wearing. Wool socks

Internet resources for
manufacturers of prosthetic
socks and liners
www.knitrite.com
www.ossur.com
www.owwco.com
www.silipos.com
www.tecinterface.com

About the Author:
Jack E. Uellendahl, CPO,
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A PROSTHETIC
CONVERSION
by Kim Doolan

F

“Finally,” I thought, “a scientific paper that
accurately describes my prosthetic use.”
I have been an amputee all my life and have
worked in the prosthetic field since 1990, but I
never personally identified with articles
discussing upper-extremity amputees. Then, a
colleague sent me a study published by
Occupational Therapy Services, Addenbrooke’s
NHS Trust, Cambridge, titled “An Evaluation of
The Use Made of Cosmetic and Functional

hand function.” Using video analysis, the study
demonstrates that for non-manipulative actions
cosmetic prostheses are actively used in the
performance of everyday tasks as frequently as
functional prostheses.
I, like many amputees I’ve met, had a poor
understanding of what it meant to be a good
user. This paper taught me to rethink the phrase
“successful prosthesis user.” Researchers asked
amputees with functional hooks or hands
(which could open and close) and
passive hooks or hands (which
could not) to participate in the
Cambridge study. Amputees with
passive prostheses reported they
were not good users. This was
congruent with past studies in
which amputees with similar
prostheses completed surveys
through the mail stating they didn’t
use their passive hands.
What is remarkable about this
study is that the researchers didn’t
rely on self-reporting alone. They
went to the homes of the amputees
and videotaped them making and
serving a hot beverage, buttering
and slicing a piece of toast, writing
on a piece of paper, sealing it into
an envelope and then removing it.
What the videos revealed was a
surprise: “There was no significant
difference between the groups in
relation to the number of actions
made for non-manipulative
descriptors.” Or, more simply put,
actions like supporting, stabilizing,
pushing or balancing were done as
often by amputees with passive
prostheses as by those with
mechanical or electrical prostheses.
These findings do not diminish
the fact that other amputees in the
study with functional hands or
hooks used the grasping capabilities
Prostheses by Unilateral Upper Limb Amputees.” of their prostheses; however, the findings do
The paper, written by C.M. Fraser, states:
emphasize the definition of “functional” and the
“There is currently a distinction drawn between importance of appearance. “Functional” should
a prosthesis considered to be provided for purely not be limited to a prosthesis that can grasp an
cosmetic reasons and a functional prosthesis
object. That definition ignores the majority of
provided to enable the amputee to achieve basic tasks that the prosthesis is actually used to
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perform. Holding objects up or down, pushing
or pulling and wedging objects between the
prosthesis and the wearer’s body are frequently
accomplished without opening or closing a
hand or hook. Even amputees who have
prostheses capable of active grasp, will predominantly use their sound hand - reserving their
prosthesis for use as an assistive, rather than a
primary device.
If a prosthesis is fitted to an amputee based on
“functional needs” only, which many consider
the ability to grasp, then the majority of
activities the prosthesis will actually be
used for have been overlooked.
Considering that most amputees
will want an artificial arm
that looks more like the
arm they lost, they should
be provided with a tool
they will wear and use. If
they do not like the
appearance of their
prostheses, they will probably
not wear them. Thus, whether functional or
passive, if the prosthesis lives in the closet, it will
not be available to assist with activities.
I have heard many fellow amputees say they
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didn’t think they were vain until they lost their
arm. They believe that their desire to wear a
prosthesis that looks like the hand they lost is
tantamount to requesting a luxury item. I believe
just the opposite. Vanity is associated with
seeking attention. Wanting a natural-looking
prosthesis is wanting a prosthesis that will cause
fewer people to take notice.
The Cambridge study also discusses the
important role therapy can play in rehabilitation: “In training amputees to use their
prostheses they are frequently encouraged to
practice picking up small objects with their TDs
[terminal devices]. The unilateral amputee may
well demonstrate a high level of skill in the
performance of these tasks in the clinic situation
but is more likely to use his intact hand to
execute these tasks in everyday life.... If the role
of the prostheses in supporting, stabilizing,
pushing, pulling, holding and facilitating
balance in everyday life situations is accepted as
more useful than that of manipulating small
objects in the clinical situation, this could have a
major influence on the design of prostheses and
TDs and also influence training.”
I remember when I was little, therapists
required me to complete a list of things I had
never done before and don’t believe I have done
since. I realize some of the tasks were necessary
to help me master control of the prosthesis;
however, it wasn’t until 30 years later that an
occupational therapist
showed me I could
stabilize (not grasp
and crush) a
banana with my
prosthesis. Then, in
my sound hand, I
could hold a knife and
make a cut to start peeling
the banana. Before that, much
to my dentists’ dismay, I had
preferred my teeth to my hook for
many “two-handed” activities. I hope
one of the results of the study is to
change healthcare providers’ and amputees’
ideas about what the prosthesis will really be
used to do and how best to efficiently complete
those tasks.
Even with therapy, I have never become
proficient with mechanical or electric hands. As

a small person, I find their weight to be a more
negative feature than I find their ability to grasp
to be a positive one. So, I have surprised myself
by becoming a convert to a “passive” hand. This
has made me realize that the findings of the
Cambridge study apply to me. I never used the
grasping capabilities of the other hands or
hooks; however, many times each day, I do use
the length of whatever prosthesis I’m wearing to
help me stabilize objects. This isn’t to take any
credit away from arm amputees who have
mastered their mechanical or electric terminal
devices - more power to them. They are getting
maximum use from all parts of their prostheses.
What the Cambridge study has taught me is to
rethink the phrase “successful prosthetic user.”
Talking to other arm amputees, I realized I
wasn’t the only one who felt like a traitor leaving
my hook in the closet while I sported my passive
hand around. I found for myself what I have
heard from many others: We actually volunteer
the use of the prosthesis more with a naturally
shaped hand than with other terminal devices.
Having people not notice our prostheses actually
increases our use.
With luck, the Cambridge study will encourage us (amputees and healthcare providers) to
be more open-minded about the function that
passive prostheses provide and the comfort
many wearers feel by blending in while
functioning in society.

About the Author:
Kim Doolan is
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public relations
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ADVANCES
IN ARM
PROSTHETICS
by Harold Sears, PhD

A

A recent U.S. prosthetic practice survey revealed
that upper-limb prosthetics represent only 5
percent of work performed by prosthetists
nationwide. One might conclude from this that
research efforts and dollars will be spent in
similar proportion, and arm amputees might
well be concerned that their needs could be
overlooked in favor of the needs of larger groups
such as leg amputees.
Conversely, this is a very exciting period for
arm amputees in search of a better prosthesis.
Technologies developed for the electronics and
communications industries such as batteries,
miniature electronics, and microcomputers are
paving the way for many new devices for adults
and children. And, new materials, such as
composite plastics, silicones, etc., are making
lighter-weight components and more naturallooking cosmesis a reality.
Media attention is drawn to “high-tech”
devices like myoelectric arms, but progress also
continues in body-powered devices. Some
significant new products have been introduced
recently and in the future we will likely see more
advancement in these devices, offering the added
benefits of lower cost and simplicity. Let’s take a look
at some of these new technologies for consumers.

Proportional control is now accepted as the
preferred method for myoelectric hands,
because of the improved precision it affords the
electric-hand wearer. “Proportional” means that
the hand power is in proportion to the size of the
muscle contraction. All the new microprocessor
controllers provide proportional control.
Formerly requiring a sacrifice in component
space, the new microcomputers simply
implement proportional control in their
software, all within the small space of the
microprocessor.
The new ProControl 2 from Motion Control a microcomputer for electric hand and wrist
control. The patented AutoCal® feature
automatically adjusts to the strength of the
wearer’s signals during the first few seconds
after it is turned on. When muscles get tired
at the end of the day, the wearer can adjust
for the change in muscle strength. The same
control is now possible with a single muscle,
or even a “pull” sensor in the harness. (Photo
courtesy of Motion Control, Inc.)

New electronic components
The trend is very clear in new electric hands the microprocessor is here to stay! The latest
controllers for electric hands from Motion
Control, Otto Bock, and Liberating Technologies, Inc. (LTI), all use small microcomputers, and they have more automatic
functions than ever before.
Smaller than ever, they now
consume less power - a big
plus for the electric-arm
wearer.
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Hands and hooks - “terminal devices” in
prosthetics vernacular - have also evolved
greatly. New hands are being developed to fill
several different market niches. The latest
electric hand, the Motion Control Hand,
promises quicker opening and closing, stronger
fingers to resist bending, and a unique
safety release switch that allows wearers
to free themselves in an emergency if
their hand “locks up.”
The new Motion Control Hand
features a special safety release
feature
that
allows
wearers to
open the fingers
quickly in an emergency.
Soon, versions of the Motion
Control Hand with a shorter
frame will combine the
stronger, quicker operation with
smaller size and lighter weight. Traditional
body-powered component manufacturer,
Hosmer Dorrance, now offers the “Soft
Voluntary Opening Hand,” which is lightweight
while still offering a secure grip when fully
closed due to a novel cam-type mechanism. To
complement their “meat-and-potatoes” line of
sturdy, cable-operated arm components,
Hosmer will soon offer a “Four-function Wrist”
especially for bilateral amputees, which will offer
spring-assisted wrist rotation, combined with
wrist flexion - all controlled by the pull from the
same cable that opens the hook.
A much wider variety of hand shapes and
sizes is available. For adults, the Ultralite Centri
Hand is available at one-third less weight than
the Otto Bock version. Hand weight is especially
important because the hand hangs at the end of
the arm prosthesis.
The lighter hand, however, provides far less
pinch force. Work-type devices like the Otto
Bock Greifer and Hosmer Synergetic Prehensor
can be interchanged with the artificial hand for
rugged environments or where the tool-like
gripping shapes better suit the task.
Children’s electric hands have proliferated
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widely, and are commonly used in most clinics,
although the body-powered hooks will always be
useful for kids’ rugged activities. The Flexi-Wrist,
by LTI, allows a hand to bend at the wrist, which
is useful when grasping a tricycle handle bar or
in other play activities.
In combination with the electric terminal
devices, electric wrist rotation is now used
much more commonly and effectively
with the new controllers allowing easy
control of both hand and wrist. The
Utah ProControl introduced cocontraction switching, which allows
the wearer to turn on the electric wrist
with a quick “snap” of the two control
muscles. Co-contraction requires
some training for the new wearer, but
has proven to be the most convenient
method for wrist control and is now
more widely used even in other
systems. The benefit to the wearer is the
freedom to reposition the hand without
the trouble of reaching over with the
sound hand (for unilateral amputees) or
awkward knee manipulation (by bilateral
amputees). The result is a much more
“natural” movement for the
wearer.
Progress in these
technologies, as well as in
the fitting techniques of
prosthetists, has changed
the traditional attitudes
toward electric
hands. Only a
decade ago,
electric hands
were considered very
specialized
prostheses, and
were rarely
prescribed.
Now, in up-todate clinics
serving arm
amputees in the
U.S. and
Europe, the
majority of arm
prostheses

utilize electric hands.
In another relevant trend, a new breed of
prosthetic specialists has emerged - those who fit
upper limb prostheses predominately. These
new “upper limb specialists” usually travel to the
patient’s location, allowing patients anywhere in
the country to receive the highest level of
prosthetic technology, and to be fitted by an
experienced practitioner. The large prosthetic
“chains” have such specialists, and smaller
independent prosthetic laboratories can contract
with either a manufacturer’s specialist or a
freelance specialist if their own experience is
lacking.
The electric hand and the Synergetic
Prehensor may be used together effectively,
as in this example, with the hook providing
better purchase on the small cap, while the
hand grasps the larger bottle more firmly.
No one terminal device meets every need yet,
so devices are often interchanged using a
quick-disconnect wrist system. For bilateral
amputees especially, the electric wrist allows
much easier positioning of the hand,
although the force generated by the electric
wrist is not enough to actually twist off the
bottle cap. (Photo courtesy of Motion
Control, Inc.)

Other new electric prostheses include the
Utah Arm 2 (U2) by Motion Control, which
reworks the sophisticated prosthesis with new
sturdier circuit technology, stronger plastics for
more rugged use, and new nickel-metalhydride batteries for faster charging and longer
wear. New technologies like the U2 offer
consumers dependability and high performance
with very little effort compared to that required
for body-powered arms.

The Utah Arm 2, featuring sturdier, simpler
electronics and high-strength plastics, is the
most sophisticated of the new generation of
electric prostheses. The new battery pack can
last wearers several days and recharge in 21/2 hours. (Photo courtesy of Motion Control,
Inc.)

Body-powered developments
and cosmetic covers
Though progress in body-powered prosthetics is
not celebrated as much as the high-tech electric
arms, advances in this technology have the
potential to reach many more amputees
worldwide. The lightweight Advantage Arm by
Sarcos, Inc., features internal cables that go
directly from the harness into the top of the
elbow unit. In addition, the flexible polymer
cables that are used pull much more smoothly
than steel cables. A mechanism inside the elbow
allows “cable recovery,” which means that after
locking the elbow with a second cable, the
wearer relaxes the pull on the elbow cable, then
pulls again to open the hook or hand.

The friction-free cable system by Rimjet, Inc.,
for body-powered elbow and hook systems.
The cables are used without the heavier
housings, and are routed directly to the
hooks, thus reducing the friction. The wearer
also has control over humeral rotation
(bringing the forearm into the body and
out). (Photo courtesy of Rimjet, Inc.)

Another new mechanical elbow system, the
Automatic Forearm
Balance (AFB) features
an internal springassist mechanism to lift
the elbow. The wearer
uses a “ballistic”
motion to initiate lifting
the elbow (i.e., from an
extended hanging
down position, the
wearer will swing the
elbow forward). At that
point, the “forearm balance” kicks in and raises
the elbow to a level position. One version of the
AFB, called the Ergo Elbow, is designed to be
used with the electric hand.
Such hybrid systems, which combine a
mechanical elbow with an electric hand, might
offer lower weight and the independence of
elbow and hand function. Theoretically, both
elbow and hand can be operated at the same
time; however, good shoulder motion is
required, and some training is usually needed to
learn to control the two systems separately.

Silicone hand covers
Silicone hand covers are now much higher in
quality than those previously available. Prior to
just a few years ago, the natural-looking silicone
covers were not durable enough to be used with
electric hands, which could pinch through the
glove with their high force. Now, several
manufacturers make high-strength silicones for
the more functional electric hands, providing
the best combination of high grip strength and
near-natural appearance.

The Otto Bock Ergo Elbow is designed to be
combined with an electric hand.
No wires run outside the elbow.
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Silicone custom covers are much closer
matched to the wearer’s natural skin tone,
and have the added advantage of resisting
stains. Now strong enough to be used with
electric hands, silicone covers are used much
more widely and make the prosthesis
practically unnoticeable. (Photos courtesy of
Aesthetic Concerns and Life-Like Laboratory)

Fitting improvements for
high-level shoulder amputees
With the improvements in electric elbows,
hands, and wrists, it has become possible to
provide more function to even the mostchallenged arm amputees - those who have
amputations at the shoulder level. Prosthetists
are also learning new ways to fit these difficult
cases using new easily-formed yet strong plastic
materials, which make new, innovative designs
possible.
A new shoulder component, the LTI-Collier
Locking Shoulder Joint, also allows wearers to
securely lock the shoulder to prevent front-toback motion. When they want they can unlock it
with a lever pushed with their other hand or
chin to freely move the arm to other positions.
Shoulder amputees are finding more success
now with electric components, since better
prosthetic techniques hold the prosthesis more
securely on their body.
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Summary
Arm amputees, who struggle to balance the
needs of function, comfort, appearance, and cost
of their prostheses, represent a great challenge to
the manufacturers and prosthetists seeking to
satisfy those needs. The fact that arm amputees
represent a small fraction of the total prosthetic
market discourages advances for several
reasons. Besides the obvious economic
problem, there are also the difficulties of
educating decision-makers and
prosthetists about the benefits of new
technologies.
Nonetheless, two trends are working to
the advantage of arm amputees:
1. New technologies developed for other
industries are being used to improve the
design and function of arm prostheses.
2. The trend toward specialization of
prosthetic practice has resulted in an elite
group of arm specialists and prosthetists
whose motto is “Have Tools - Will Travel.”
Some are sponsored by manufacturers;
some work for the major prosthetic
service companies, and some are notable
freelance independents. They provide the
link needed to disseminate modern fitting
techniques and the knowledge of the full
range of electric and body-powered arm
components.

About the
Author:
Harold H. Sears,
PhD, is general
manager of Motion
Control, Inc., Salt
Lake City, Utah.

Companies mentioned in
“Advances in Arm Prosthetics”
Motion Control, Salt Lake City, Utah
Toll-free in US: 1.888.MYO.ARMS (696.2767)
Web site: www.UtahArm.com
Fillauer, Inc., Chattanooga, Tennessee
Toll-free: 1.800.251.6398
Web site: www.Fillauer.com
Life-Like Laboratory, Dallas, Texas
Phone:1.972.620.0203
Web site: www.lifelikelab.com
Hosmer, Inc., Campbell, California
Toll-free: 1.800.827.0070
Web site: www.Hosmer.com
Sarcos, Inc., Salt Lake City, Utah
Phone: 1.801.581.0155
Otto Bock Health Care
Minneapolis, Minnesota
Toll-free: 1.800.328.4058
Web site: www.ottobockus.com
Aesthetic Concerns, Middletown, New York
Toll-free: 1.800.208.SKIN
Web site: www.livingskin.com
Rimjet, Inc., Sarasota, Florida
Phone: 1.941.351.6907
Liberating Technologies, Inc.
Hopkinton, Massachusetts
Toll-free: 1.800.437.0024,
Web site: www.LiberatingTech.com

New techniques for fitting shoulder amputees, combined with more comfortable
materials (ProFlex with Silicone pictured,
from Fillauer, Inc.), allow much more
successful suspension to proximal level
amputees. (Photo courtesy of Advanced Arm
Dynamics)
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ADVANCEDTECHNOLOGY
PROSTHESES:
ARE THEY
FOR YOU?
by John Michael, MEd, CPO, FAAOP, FISPO

I

Innovative healthcare technology is well
accepted today, particularly in prosthetic
rehabilitation. This is at least partly a result of
the tremendous overall improvement in the state
of the art in recent decades, which creates the
expectation that every new idea will be substantially better than its predecessor.
At the same time, the most common cause of
amputation in North America is poor circulation, with or without associated diseases such as
diabetes, and the average age of the new
amputee has been steadily increasing. Third
parties such as Medicare and private insurers
are understandably worried about the ubiquitous application of the “latest and greatest and
most expensive” technology, fearing that
prescriptions might be generated more by
enthusiasm than any other factor.
Most clinicians make a concerted effort to
keep up with new advances; however, some are
very conservative and therefore reluctant to
suggest newer approaches until they are well
established clinically and have been reviewed in
the literature. How can the amputee decide if a
particular new component or socket design is
“right” for them? How can you guarantee
access to the most appropriate solutions for your
particular situation?

Right to consideration
Obviously, some people are not candidates for
many of the high-tech options available;
however, I feel strongly that every amputee has
the right to be “seriously considered” for the full
range of treatment options.
There are no absolute contraindications to
modern prosthetic components and methods.
Each case must be individually considered. No
one is “too old” or “too disabled” to be evaluated
for today’s advanced-technology solutions.
If you are interested in a carbon fiber
dynamic response foot with vertical shock
absorption, your rehab team should consider
providing it. Though there may be specific
reasons why this would not be the best approach
for you (i.e., your amputation level doesn’t allow
sufficient room to physically install the component), you are entitled to a reasonable explanation, presented in terms you can understand and
accept.
You might then ask about similar alternatives

that might work for you. In this example,
perhaps the lower-profile combination of
differing components could be used to overcome
the space limitations in your prosthesis.
An experienced rehabilitation
team will be familiar with literally
dozens of options and will gladly
explain the individual advantages
and disadvantages of each to you.

Icon-Allurion

Advantages of advanced-technology
prostheses
Virtually every innovative prosthetic development is intended to overcome recognized
limitations of earlier technology. Manufacturers
don’t invest time and money developing
advanced-technology solutions just because they
are glitzy, but rather because they promise a
better solution than less-sophisticated approaches. Effective low-cost solutions will
quickly predominate in clinical practice and
therefore generate a far higher return on
investment for manufacturers than more-costly
designs that are used infrequently. One of the
major advantages of using high-tech components and designs is that they are usually lighter
and more responsive than earlier solutions.
In addition, it’s exciting to participate in
pushing the limits of rehabilitation forward.
Some amputees and clinicians are eager to try
new ideas and then enjoy sharing their
experiences with interested colleagues and
patients. Such “early adopters” play a very
important role in rehabilitation because their
work helps identify limitations that still need to
be overcome, paving the way for more widespread adoption of a new concept or method.
Finally, even small improvements in overall
function can be very significant when you are
wearing the prosthetic device up to 20 continuFirstStep
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ous hours every day. Amputees are generally
acutely aware of the limitations of their
prostheses, and it is their constructive criticisms
of existing solutions that continue to drive the
direction of future developments.

Limitations of advanced-technology
prostheses
One of the biggest drawbacks to cutting-edge
applications is the learning curve required when
you are among the first to explore a new
concept. Prosthetists must often devote several
hours to reading and understanding the
manufacturer’s literature on new devices; in
some cases, they must travel to a distant location
or successfully complete training courses to
learn about the product.
The amputee, too, is entering uncharted
waters with new prosthetic technology and there
may not be much guidance. Being comfortable
with a “learn as you go” experience is essential
for both prosthetists and amputees trying
innovative solutions for the first time. If you
don’t have the time or inclination for such an
adventure, you will be happier with “tried and
true” solutions.
The ability to tolerate frustration is even more
crucial in the initial period following the release
of a new product. Virtually every prosthetic
innovation is carefully tested in the laboratory
for durability and safety; however, there is no
shortcut for the real-world experience of daily
use by amputees. If you want to be the first on
the block to have the latest doo-dad, rest assured
that you will also likely be the first to discover its
weaknesses.
If you are easily discouraged or so busy that
any interruption in the function of your
prosthesis will wreck your day, you are probably
not a good candidate to try new ideas. Let
someone else play that role, and take your clinic
team’s advice to stick with components and
designs that have been thoroughly debugged
over several years of clinical application.
The upfront costs for advanced-technology
solutions are generally higher than for designs
that have been around for decades. This is
partly because older materials tend to cost less.
In addition, the development costs for older
technologies have probably been amortized long
ago, so the remaining costs are just for produc66
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Sprint-Flex
tion and distribution.
As a general rule, there is no point in paying
for more technology than you can reasonably
expect to be able to use. If your heart condition
and chronic shortness of breath limit your
walking to a maximum of 15 or 20 steps, you
will probably do best with a mechanically simple
prosthesis that emphasizes light weight and solid
stability. Even if you somehow wrangle a
prosthesis more suitable for a Paralympic
sprinter, you won’t walk any better or any
farther.
Virtually all clinics and practitioners agree that
the best practice is to recommend the least
expensive alternative available that will fully
meet your rehabilitation goals and abilities.
Your prosthesis should never hold you back but
there is really no point in obtaining technology
that you cannot use effectively.
Many reimbursement authorities will
encourage the use of rudimentary components
in your first prosthesis, noting correctly that you

can obtain more sophisticated
solutions in subsequent limbs. It is false
economy, however, to provide an
inferior artificial limb first and then
replace it later with the one you
actually needed. This practice is even
more questionable if you have one of
those inadequate insurance policies
that only covers “one artificial limb per
lifetime” or has a ridiculously low
coverage cap of a few hundred dollars
per prosthesis. The most cost-effective
approach is to start with a prosthesis
that is designed to fully meet your
needs, so you can literally “start out on
the right foot.”
The Medicare policy requiring that
the provision of specific prosthetic
alternatives be based on your “actual
or potential functional ability” is a
sound one. In the absence of any other
documented mitigating factors, you
should expect to gradually return to
approximately the same level of activity
you enjoyed before the amputation. If
you previously walked every day for
cardiac conditioning, this is likely still a
plausible goal, and you should receive
components that are suitable for this
level of activity. If there is a reason this is not
realistic in your particular situation, your
rehabilitation team will be able to explain why in
terms you can understand.

Common myths about
advanced technology
Unfortunately, there are a number of myths
about advanced technology that persist. The
four most common feeble excuses given to deny
legitimate access to modern prosthetic technology are:
• Advanced-technology prostheses are only
suitable for athletes.
• Advanced-technology prostheses are
cost-prohibitive.
• Advanced-technology prostheses are
not covered by your policy.
• Advanced-technology prostheses are
experimental and unproven.

Although each of these myths started from a
grain of truth, none are valid reasons to deny
prosthetic rehabilitation.

Myth 1: Advanced-technology
prostheses are only suitable
for athletes
It is true that many innovations are tested under
high-performance conditions such as competitive sports. The stresses that athletes put on their
prostheses help engineers and designers discover
limitations in the products and strengthen the
design. And these lessons are quickly applied to
the entire product line, benefiting amputees who
have no intention of ever jogging or running.
The development of automobile tires
illustrates this well. Originally, only racing cars
used tires made with an expensive new
technology called “radial ply construction.” Now,
almost every passenger car and truck in
America has radial tires, and the added cost is
well accepted due to the proven advantages of
this technology.
In prosthetic practice, too,
yesterday’s innovation becomes
today’s mainstream standard. Carbon
fiber, dynamic-response feet are
suitable for most amputees, and are
now routinely provided as part of a
“typical” prosthesis. Worldwide clinical
experience has shown that even lessactive individuals generally prefer
more-responsive feet, and manufacturers have responded by developing
lower-cost but technologically sophisticated products specifically optimized
for the person who walks
moderate distances and has
no interest in competitive sports.
Mod III

Myth 2: Advanced-technology
prostheses are cost-prohibitive
Of course, innovative technology is often more
expensive than soon-tobe-obsolete alternatives.
As any product nears
the end of its useful life
cycle, manufacturers
progressively lower the
costs to eke out a few
more years of profits
before it is displaced by
improved solutions.
This can be a tremendous bargain if such
older technology can
fully meet your needs.
Even the most
K2 Sensation
sophisticated prosthetic
technology, however, may
cost substantially less in the long run than it
appears at first glance. For example, Canadian
researchers demonstrated several decades ago
that while electronic upper-limb prostheses cost
several times as much as the simpler mechanical ones, over a 10-year period much of this
disparity disappeared when the number of
repairs and replacements for the mechanical
devices were taken into account.
The auto industry has had the same
experience. Today’s cars are certainly more
expensive than they were 20 years ago, but they
are also safer, more reliable, more energy
efficient, and last longer than ever before.
Modern prosthetic limbs offer similar
advantages. In fact, the warranty period for
advanced-technology prosthetic components
has gradually increased from 6 months in
the 1960s to 36 months in 2001. Recent
Medicare regulations have recognized this
fact, and three years is now considered a typical
life span for most leg prostheses.
So, the cost of advanced technology can be
justified by the long-term benefits it offers. In
addition, it is important that we continue to
adopt new technology as it becomes available.
Otherwise, manufacturers will soon realize that
there is no return on their research investments,
and they will simply stop developing such
innovations.

Myth 3: Advanced-technology
prostheses are not covered
by your policy
Low-quality insurance policies sometimes
specifically exclude coverage for prosthetic and
orthotic rehabilitation. In addition, some sneaky
insurance companies effectively deny rehab by
hiding in policy language ridiculous exclusions
such as “one prosthesis per lifetime” or “$900
total prosthesis benefit.”
Is this legal? Unfortunately, yes. If you have
such a policy, complain to your insurance agent,
congressmen, and employer - and plan to
switch to a more realistic policy at the next open
enrollment. The only long-term solution to this
problem is federal legislation requiring full
rehabilitation coverage on a national basis.
Unless such specific exclusions are included
in your policy, you should have access to all
reasonable technology. As a general rule, the
legal requirements to obtain appropriate
prosthetic care are:
1. Obtaining a comprehensive written prescription from your physician
2. Selecting a prosthetist with the training and
experience to provide the prescribed artificial
limb
3. Filing the proper paperwork, in the proper
order, according to your insurance or Medicare
regulations
It is critical that all three requirements are
fully met because any lapse will trigger a denial
of coverage for all or part of your prosthesis. For
example, if one digit or one letter in your
Medicare number is recorded incorrectly, the
entire claim will be rejected. Please work closely
with your doctor and prosthetist to be certain
that all details in your claim are precisely
specified and absolutely correct.
Unfortunately, some insurance companies
will deny coverage for your prosthesis even
though everything has been done correctly;
however, such mistakes can usually be overcome
if you refuse to accept “no” for an answer.
In my experience, most denials of this kind
are simply errors that happen when the
personnel determining eligibility don’t understand prosthetic rehabilitation. There is always
an initial appeal process available, and you
FirstStep
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should ask your prosthetist and doctor to help
prepare and submit the paperwork to force your
insurer to reconsider your claim. In many cases,
simply explaining in detail what your doctor has
prescribed and why it will be beneficial in your
specific situation is all it takes to overturn such
inappropriate denials of coverage. If this is not
enough documentation, many policies allow for
another independent review by a different
insurance company employee, and you can
speak directly to him or her either in person or
over the phone. If the denial is based on a lack
of understanding, this level of appeal is almost
always successful in obtaining approval for your
prescribed prosthesis.
Sometimes the insurance company will still
deny coverage for what your doctor has
prescribed despite both written and in-person
appeals. If that happens, then you may need to
contact your lawyer and take appropriate legal
action.
Fortunately, it is rarely necessary to hire a
lawyer to receive reimbursement for your
prosthesis, but you should not hesitate to assert
your rights to the full limit of the law. As a
practical matter, in every Administrative Law
Judge hearing about prostheses that I am
familiar with, the judge has immediately
overturned the incorrect denial and ordered the
insurance company to pay the claim in full
without further delay. Such a result officially
notifies your insurer that such technology must
be covered under proper circumstances and
makes it much less likely that you will have
problems with them in the future.

Myth 4: Advanced-technology
prostheses are experimental
and unproven
Statements such as this are simply an excuse to
avoid considering modern rehabilitation
options. No commercially available prosthetic
components have ever been considered
“experimental” by the United States Food and
Drug Administration. In fact, limb prosthetic
products are generally classified as “Class One Exempt,” which means that they use such wellestablished technology that no significant risks
to the user are anticipated and no special premarket testing is mandated.
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Carbon-fiber composites have been used in
aerospace applications for many decades;
microprocessor controls are commonplace in
the appliance and automotive industries; and
silicone materials have long been used in
medical applications. These innovations entered
the prosthetic realm only after they enjoyed
mainstream success in larger-volume applications, after processing and safety rules were
established, and after the cost of such materials
was substantially lowered by widespread
commercial production. Food and Drug
Administration (FDA) regulations explicitly
recognize that techniques we consider novel in
prosthetic rehabilitation are actually a new
adaptation of pre-existing technologies.
Finally, rehabilitation experts have a very
good track record in critically evaluating new
products and methods. The limitations in
poorly executed products are quickly identified
through limited clinical applications, and,
unless they are immediately addressed, such
technology quickly disappears from the
marketplace.
Today, prosthetic devices using carbon-fiber
composites, on-board microprocessors, and
silicone cushioning materials are routinely
prescribed and successfully used by amputees
worldwide. The successful clinical use of such
technologies by thousands and thousands of
amputees worldwide has clearly demonstrated
their value in prosthetic rehabilitation.
Advanced-technology prostheses cannot be
summarily dismissed as being too exotic or too
specialized for general use. Although there may
be specific reasons why a particular prosthetic
alternative is not indicated for an individual
amputee, the range of designs currently
available means that most modern prostheses
will include one or more of the lightweight,
comfortable, and responsive components now
available. When proper justification is provided,
Medicare and private insurances routinely cover
advanced-technology prostheses.
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Figures & Legends
(All illustrations provided courtesy of Ossur)

Although particularly well accepted
by highly active individuals, modern
prostheses that offer a dynamic pushoff combined with shock-absorption
features have been successfully
utilized by a wide range of
amputees.

Flex-Foot
VSP

Your rehab team can suggest particular
components that are well suited for use
when it is important to minimize
the overall height of your
Iconprosthesis.
Allurion
Some highly specialized
prostheses are designed for
use by competitive athletes
with the physical ability to
utilize the advanced
performance offered.
Sprint-Flex

Manufacturers often make lower-cost
devices for general prosthetic use, based
on their experience with specialized
designs for more demanding
situations such as Paralympic
competitions.
Mod III
For less active individuals, some
manufacturers offer lower-cost
components that use simplified
versions of technology originally
developed for highly active
amputees.
K2 Sensation

PUTTING
AMPUTEES
BACK IN THE
DRIVER’S
SEAT
A Primer on the Benefits
of Hand Controls
by Lee Perry

T

To have a full life in America requires mobility not just the ability to walk or run, but the ability
to travel greater distances with more convenience and flexibility than public transportation
provides. For most of us, an automobile is a
necessity rather than a luxury.
For many lower-limb amputees, however, the
lack of feet makes driving impossible in a
conventionally equipped vehicle. Hand controls
provide the solution. They make it possible for
lower-limb amputees - and people
with other disabilities - to enjoy the
prosperity and independence that
comes with vehicle ownership and use.

controls range from very complex devices such
as an electronic joystick, to relatively simple ones
that use vacuum power like power brakes.
Most hand controls are dual-action devices
that permit the simultaneous application of
throttle and brake. Dual-action controls are
helpful when the car is stopped on a steep hill or
when making tight maneuvers on steep grades.
The throttle can be applied a little before
releasing the brake to prevent the car from

Main types of hand controls
Basic hand controls usually consist of
a lever attached to a bracket and
mounted under the steering column
on cars equipped with automatic
transmissions. The lever is moved to
operate throttle and brakes. Usually
the left hand operates the control, allowing the
right hand to steer and operate the vehicle’s
accessories. The three most common types of
hand controls are push/twist, right
angle pull, and push/pull.
The push/twist hand control works
by twisting the handle to apply the gas
and pushing it to apply the brakes.
The right angle pull hand control
works by moving the lever down
towards the driver’s lap for acceleration. To apply the brakes, the driver
pushes the handle forward towards
the front of the car. The push/pull
hand control works by pulling on the
handle to apply the gas, and pushing
for the brakes. Most hand controls,
except for a very few, apply the brakes
by pushing.
Most hand controls are handpowered, using linkages or cables to
operate the gas and brakes. Some
models are power-assisted to make it
easier on the hand and arm. Cars are
designed for the driver’s foot to
operate the gas and brake, so the force
required to operate the hand control
can be tiring to the hand during long
drives. Power-assist options for hand

coasting backward before moving forward.
While most users prefer dual-action, some
prefer single-action units because they eliminate
the chance of accidentally applying the throttle
during braking.

Which is best for you?
The best choice of hand controls for a person
depends on a number of factors, such as the
car’s layout, expected driving conditions, and
the driver’s size, disability, and preference.

Push/twist
Push/twist hand controls are a good choice if
either a large driver, a small car, or both, limit
space. Economical use of space is achieved
because the lever only needs to be moved to
apply the brake. Throttle control is achieved by
twisting the grip in the same manner as
operating a motorcycle.
Push/twist controls provide a precise, sporty
feel. By necessity, push/twist hand controls are
often power-assisted. Without power-assistance,
the twisting motion tends to feel stiff, and the
hand tires. With a good quality power-assisted
twist control, very little effort is required to
maintain a throttle setting; simply resting the
hand on the handle should provide enough
force. This results in less fatigue on long drives.
FirstStep
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Push/twist controls are good in tight turns
and on rough roads. Throttle surges, which can
be experienced with a push/pull or right angle
pull device, as the driver and his or her arm
bumps, sways, leans, or lurches going through
curves and over bumps tend not to occur with a
push/twist. Most push/twist controls are dual-action
units.
These controls are not recommended for
people with grip problems or those with
amputated fingers or hands. Good left-hand
dexterity is required for safe driving with push/
twist controls.

Right angle pull
Right angle pull controls are the most widely
used form of hand control. They are relatively
inexpensive and, usually, easy to install and
adjust. Operation is simple and intuitive for
these strictly mechanical units.
Space, however, can be a problem. Throttle
application requires that the lever be moved
down toward the driver’s lap. If the driver is
large or the car is small, a push/twist or even a
push/pull control may be more suitable.
Because the lever is connected to the gas pedal
with mechanical linkages, the underside of the
dashboard will often require trimming.
For those missing fingers, hands, or with
reduced grip strength, various handles, wrist
straps, grips, etc., can be adapted for the right
angle pull control. Specialized handles can be
configured for use with a prosthesis. Right
angle pull controls are usually dual-action, but
also can be single-action.

Push/pull
Push/pull hand controls are by definition singleaction. Since the lever is pulled for gas and
pushed for brakes, the gas and brakes can never
be operated at the same time.
This is the easiest hand control to learn to
use. Senior citizens like the push/pull because
there is no confusion when learning, after using
the foot pedals all their lives. Power-assisted and
non-power-assisted models are available. The
driver’s hand can rest directly on the lever
without causing the throttle to surge.
As with the right angle pull control, different
handles can be adapted to the driver to permit
70
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safe and easy operation.
Power-assisted push/pull
hand controls equipped
with handle adaptations
are recommended for
people with limited arm
strength and poor manual
dexterity.

Some other factors
to consider
When shopping for hand
controls, aesthetics is also
a factor to consider. Car
owners can be surprised to
find that a section of the dashboard was cut
away during the installation process. Most hand
controls are mounted under the dash with a
support extending into the driver space under
the steering column where the lever is connected. A panel under the dashboard is
removed during installation. If the hand
control’s design and the dashboard layout
permit, the panel can be returned allowing the
mounting bracket to be hidden. Sometimes,
however, the hand control’s hardware protrudes
into the passenger space, and the panel cannot
be reinstalled without cutting a window in it.
Each installation varies with the model of
automobile and the particular hand-control
unit. Check with your dealer about what you
can expect to see when you get your car back.
Many of us share cars with other family
members. It is important that the pedals can
still be used with the hand control installed and
that there are as few impediments to using them
as possible. Most good controls provide room
for a pedal-pushing driver. Ask the installer
what to expect.
Driving should be fun. Poorly designed hand
controls, or a badly performed installation, can
cause the driver to be distracted or preoccupied
with the control, lead to frustration, and reduce
safety. Good hand controls, professionally
installed, will allow enjoyable, safe driving.

Installation
No matter what type of hand controls you use,
you are making a significant modification to
your vehicle. It is, therefore, important to have a

trained and qualified
person perform the
installation.
The installer should cut
a minimum amount of the
dashboard. The handle
should be located in a
comfortable position so that
the driver can hold on to
the hand control and hook
a thumb over the steering
wheel. This position helps
to stabilize the steering
wheel and the throttle. The
whole assembly should feel
solid and sturdy. If the installation is done
properly using a high-quality control, driving
will be easy and fun.
Everyone is different, and each person is a
special case. If you are uncertain about your
condition and your abilities, consult a Certified
Driving Rehabilitation Specialist (CDRS). A CDRS
knows about different disabilities and can advise you
about the best solution to your driving needs.
Contact a CDRS through your rehabilitation facility
or through your local amputee support group.
Whether you are a first-time buyer or already
drive with hand controls, it is good to know what
is out there and what to look for. High-quality
hand controls are available, as are skilled
mobility technicians who understand the quality
and safety issues involved with their installation.
Spend a few extra dollars to purchase a highquality product and have it professionally
installed. You already have made a significant
investment in your vehicle. A quality set of hand
controls will surely enhance your driving
experience and, above all, your safety.
For contact information on a mobility
equipment dealer in your area, call the
National Mobility Equipment Dealers
Association Headquarters in Tampa,
Florida, 1-800/833-0427.
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