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The American Association of Nurse 
Life Care Planners (AANLCP) 

promotes the unique qualities the 
Registered Nurse delivers to the Life 
Care Planning process.  We support 
education, research, and standards 

related to the practice of 
Nurse Life Care Planning.

Editor’s Note
The topic for this issue of the JNLCP is Life Care 
Planning for Amputation. We received so many sub-
missions that we have decided to publish it in three 

sections . The first is before you 
now. In it you will find informa-
tion generally applicable to life 
care planning, and specific to 
lower extremity amputation and 
prostheses. 
The second section is on upper 

extremity amputation and includes some exciting 
information and photographs of the amazing 
prothetic/orthotic (“prosthotic”) devices available, 
and the third includes an advertising supplement, 
glossary, patient teaching materials, and other mate-
rials we hope you will find useful. These will appear 
by the first of the new year. Thanks to this issue’s 
“godmother,” Victoria Powell, for her work in collect-
ing these submissions.

We need you!
• Write a Letter to the Editor. Tell us what you think 

about this or any other issue or professional con-
cern.

Increased visibility for JNLCP
You are receiving this issue electronically; by the 
time it appears in your emailbox we should have the 
results of a referendum regarding making our Journal 
available to nurses, potential life care planners, clients 
both actual and potential, advertisers, schools, and 
libraries. You will continue to receive it as part of 
your membership benefit; subscriptions for others 
will be available. The benefits to our organization are 
clear-- greater visibility for the Nurse Life Care Plan-
ning community, exposure to potential clients, and 
recognition of the unique qualities we bring to the 
table. I applaud the members who voted for this 
overwhelmingly at the membership meeting and 
look forward to proceeding accordingly.
Cordially,

Wendie Howland
Editor, Journal of Nurse Life Care Planning

http://www.aanlcp.org
http://www.aanlcp.org
mailto:info@aanlcp.org
mailto:info@aanlcp.org
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Information for Authors
AANLCP invites interested nurses and allied professionals to sub-
mit article queries or manuscripts that educate and inform the 
Nurse Life Care Planner about current clinical practice methods, 
professional development, and the promotion of Nurse Life Care 
Planning within the medical-legal community.  Submitted material 
must be original.  Manuscripts and queries may be addressed to the 
Editorial Committee.  Authors should use the following guide-
lines for articles to be considered for publication. Please note 
capitalization of Nurse Life Care Plan, Planning, etc.

Text 
Manuscript length: 1500 – 3000 words
• Use Word© format only (.doc) 
• Submit only original manuscript not under consideration 

by other publications
• Put the title and page number in a header on each page (us-

ing the Header feature in Word)
• Set 1-inch margins
• Use Times ,Times New Roman, or Ariel font, 12 point
• Use double-spacing, using the Word formatting feature 
• Place author name, contact information, and article title on 

a separate title page, so author name can be blinded for edi-
torial review

• Use APA style (Publication Manual of the American Psy-
chological Association)

Art and Figures
All photos, figures, and artwork should be in TIFF, EPS, or JPG 
format. Line art should have a minimum resolution of 1000 dpi, 
halftone art (photos) a minimum of 300 dpi, and combination art 
(line/tone) a minimum of 500 dpi.  

Each table, figure, photo, or art should be on a separate page, la-
beled to match its reference in text, with credits if needed (e.g., Ta-
ble 1, Common nursing diagnoses in SCI; Figure 3, Time to endpoints 
by intervention, American Cancer Society, 2003)

Editing and Permissions
The author must accompany the submission with written release 
from:
• any recognizable identified facility or patient/client, for the 

use of their name or image
• any recognizable person in a photograph, for unrestricted 

use of the image
• any copyright holder, for copyrighted materials including 

illustrations, photographs, tables, etc.

• All authors must disclose any relationship with facili-
ties, institutions, organizations, or companies men-
tioned in their work.

• All accepted manuscripts are subject to editing, which may 
involve only minor changes of grammar, punctuation, para-
graphing, etc.  However, some editing may involve con-
densing or restructuring the narrative. Authors will be noti-
fied of extensive editing.  Authors will approve the final 
revision for submission.

• The author, not the Journal, is responsible for the views 
and conclusions of a published manuscript.

• Submit your article as an email attachment, with document 
title articlename.doc, e.g.,  wheelchairs.doc  

All manuscripts published become the property of the Journal.  
Manuscripts not published will be returned to the author.
Queries may be addressed to the care of the Editor at :   
whowland@howlandhealthconsulting.com

Manuscript Review Process
Submitted articles are peer reviewed by prominent Nurse Life Care 
Planners with diverse backgrounds in life care planning, case man-
agement, rehabilitation, and the nursing profession.  Acceptance 
will be based on manuscript content, originality, suitability for the 
intended audience, relevance to Nurse Life Care Planning, and 
quality of the submitted material.   

AANLCP Journal Committee for this issue
Kathy Pouch RN CCM CNLCP LNCC
Editorial Committee Chair
Wendie Howland RN MN CRRN CCM CNLCP
Journal Editor
Shelly Kinney RN MSN CCM CNLCP
Newsletter Editor
Mariann Cosby MPA MSN RN PHN CEN NE-BC LNCC CCM 
MSCC
Linda Husted MPH RN CNLCP LNCC CCM CDMS CRC MSCC
Debbie James, RN, BSN, CNLCP, CSCC
Cheryl Mathis RNC CLNC CNLCP
Danielle Mayer RN LNC MSCC CNLCP
Diane Pierce RN
Victoria Powell RN CCM LNCC CNLCP MSCC CEAS

mailto:whowland@howlandhealthconsulting.com
mailto:whowland@howlandhealthconsulting.com
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Contributing To this Issue

David McGill has been an above-knee amputee since 1996 and is the chairman of the Amputee Coalition 
of America Board of Directors. He is the vice president of Legal Affairs for Ossur. Before that, he was the 
executive director of a prosthetic facility and represented insurance companies, hospitals and doctors in 
litigations across the country. He is licensed to practice law in New York. 

Victoria Powell (“Keeping Current in Orthotics and Prosthetics,” and “Research abstracts”) is CEO/
President of VP Medical Consulting. She is a Nurse Case Manager, Nurse Life Care Planner, Medical Set 
Aside Allocator, Legal Nurse Consultant, and Ergonomic Assessment Specialist

Dr. William Ackerman (“Phantom Limb Pain Treatment Options”) is American Board of Medical Special-
ties Board certified in Pain Medicine and is fellowship trained in Pain Medicine.  He is an expert in Com-
plex Regional Pain Syndrome treatment and disability and is a fellow of the American Academy of Disabil-
ity Evaluating Physicians.  He is an Independent Medical Examiner and has published four books and over 
100 scientific articles in peer reviewed journals.  

Judith Philipps Otto (“Concepts in Lower Extremity Prostheses,” “ADL Challenges and Solutions”) is a 
freelance writer who has assisted with marketing and public relations for various clients in the O&P pro-
fession. She has been a newspaper writer and editor and has won national and international awards as a 
broadcast writer-producer.Ꮬ

Correction from the Fall issue:  Ms. Jane Marquesen BSN MPH is at the University Hospital in Denver.

From the editor
We would like very much to have as complete a set of the JNLCP as possible for posting to our website. We 
know of only one set of the original hard copies, and its present caretaker is understandably loath to give them 
up for disassembly and scanning. Does anyone have a paper copy they would share with me for scanning? I 
would return it undamaged with our thanks.
Wendie Howland
Editor, Journal of Nurse Life Care Planning
whowland@howlandhealthconsulting.com

mailto:whowland@howlandhealthconsulting.com
mailto:whowland@howlandhealthconsulting.com
mailto:whowland@howlandhealthconsulting.com
mailto:whowland@howlandhealthconsulting.com
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I am the Chairman of the Board 
of Directors of the Amputee 
Coalition of America (ACA), an 
organization I have worked with 
since 2003. I lost my leg in De-
cember 1996, while trying to 
push a stranger’s car off the 
road. My life was seemingly on 
an upward arc at the time. I had 
received a letter two weeks ear-

lier telling me that I had passed the New York Bar 
Exam. I already had a job at a major law firm. My life 
was unfolding as I had planned. I was young, success-
ful, and (I thought) invulnerable. As I drove home that 
December night, I came upon a young woman stand-
ing in the middle of the road, her car dead. It was 
nearly midnight, sleet was falling, and I commented 
to my wife, “This woman’s going to get killed if 
someone doesn’t help her.” 

Her car was less than 25 yards from a gas station. 
Pushing the vehicle into the safety of the parking lot 
seemed a quick and easy task. So I pulled into the 
parking lot, aimed my car’s headlights at the unlit ve-
hicle sitting in the road, and told my wife, “I’ll be 
right back. Wait here.”

I next remember lying on the pavement, sleet bounc-
ing off my head. I pushed my upper body off the 
ground, unable to control my head or my eyes, and 
slurred, “What the hell happened?” My wife, who 
was in the road next to me, but sounding a thousand 
miles away, said, “Don’t move!”

I repeated, “What happened?” Unable to focus my 
eyes, my head lolling about uncontrollably, my lower 

body seemingly disconnected from my upper, my 
wife’s voice edged with hysteria reached me again. 
“DON’T MOVE!” Knowing that something was hor-
ribly wrong, but not understanding exactly what, I 
said, “OK,” and lay my head back down on the 
pavement. I remember the blacktop was cold.

I next opened my eyes in ICU, my wife by my bed. 
Without knowing why I asked the question and with-
out having any recollection of anything that had re-
sulted in my winding up in a hospital bed, I asked, 
“Did they take my leg?” Cara hesitated for a split 
second because the doctors had told her to make sure 
I stayed calm, and half-smiled, half-cried, “Yes.” 
“OK,” I replied. I closed my eyes and slept.

When I came to consciousness again, I quickly real-
ized that my world had changed in a nightmarish way. 
Involuntarily, I had acquired a new label, “amputee,” 
that defined who I was, what I looked like, and what I 
could do. No one could talk to me about it. No one 
understood it. And as far as I knew, no organization 
existed that could help me get through it. 

Walking into an intersection a mere quarter mile from 
my house one minute and waking up broken and 
without my leg the next was indescribably eerie. As I 
tried to make sense of it over the next several years, 
the only analogy I could think of, and the one I told to 

Waking Up In A Small Room

David McGill

Reprinted from inMotion magazine with the kind permission of the Amputee Coalition of America

David McGill has been an above-knee amputee since 1996 and 
is the chairman of the Amputee Coalition of America Board of 
Directors. He is the vice president of Legal Affairs for Ossur. 
Before that, he was the executive director of a prosthetic facility 
and represented insurance companies, hospitals and doctors in 
litigations across the country. He is licensed to practice law in 
New York.  Contact him at Elan@amputee-coalition.org

First  Person

mailto:Elan@amputee-coalition.org
mailto:Elan@amputee-coalition.org
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countless new amputees whom I spoke with, was the 
following:

“Imagine you go to bed at night in your house. You 
expect to wake up the next morning in that same com-
fortable bed, surrounded by your comforting posses-
sions, and you’ll go through the same comforting rou-
tine that defines your daily existence.

“Except this time, in the middle of the night, someone 
comes into your bedroom while you sleep. Carefully, 
without waking you, this person places you in a bag, 
takes you out of your house, and whisks you 
off to an entirely different part of the 
world. You wake up to find the person 
who transported you there standing 
next to you, saying, ‘No one here 
speaks your language. No one 
here understands your customs. 
There’s no phone, no comput-
ers, no books that can help 
you get information. Good 
luck. Function!’ And then that 
person simply disappears.”

That is what it was like when I 
became fully aware of what 
had happened to me in early De-
cember 1996. The adjectives that 
accompany this experience do not 
do it justice: terrifying, incomprehen-
sible, alien. I had to try to rebuild my life 
on top of that foundation. But fortunately, to-
day many amputees experience something fundamen-
tally different and qualitatively better.

The ACA has a peer visitor program. Peer visitors, 
trained to assist new amputees as they deal with the 
psychic and physical trauma of limb loss, provide ex-
actly the kind of information, support and resources 
that I never received.

Hailed as a model program by the Centers for Disease 
Control and Prevention, the ACA has expanded it in 
recent years to provide specialized peer visitation for 
those young men and women who have lost limbs 
while serving in Afghanistan and Iraq. Collaborating 
with the Department of Defense, the military peer 

visitor program reaches military personnel at Walter 
Reed Army Medical Center, Brooke Army Medical 
Center, and Naval Medical Center San Diego. Sur-
veys conducted by the military reveal that these sol-
diers list peer visitation as one of the most crucial and 
valuable aspects of their rehabilitation.

The ACA provides information, education, training 
and support to people when they need it most. The 
psychological trauma of limb loss doesn’t change, 
whether you lose your limb as a result of a car acci-

dent like me, a roadside bomb like the nearly 
1,000 military personnel who have passed 

through Walter Reed, diabetes, vascular 
disease or cancer. The ACA offers a 

variety of programs that positively 
and directly impact amputees’ 
lives: an annual youth camp for 
children with limb loss; an 
award-winning magazine and 
other publications for our 
members; and an advocacy 
program that has resulted in 
17 states (so far) preventing 
insurers from offering illusory 

or inadequate coverage for 
prosthetics. (Try to figure out 

how to tell your child, who lost a 
leg to cancer last year, that even 

with insurance you cannot afford to 
get her a new prosthesis because the in-

surance company caps its prosthetic benefit at 
$2,500/year and her prosthesis costs $20,000.)

I volunteer my time as an ACA board member be-
cause this organization does important work for peo-
ple at a time in their lives when they most need sup-
port, information and help. But ACA cannot provide 
these services without receiving its own support and 
help from me and you. I appreciate your taking the 
time to read this and for letting me tell my story – one 
that I don’t generally publicize. I hope that you will 
consider contributing to the ACA. 

Ꮬ

The 
adjectives that 
accompany this 

experience do not do it 
justice: terrifying, 

incomprehensible, alien. 

Ꮬ
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Prosthetic science has come a long way—
today’s highly-specialized and versatile devices offer 
capabilities that were undreamt of just a few decades 
ago. But the idea of a prosthesis—or even multiple 
prostheses—serving all the functions of the human 
hand, foot, arm or leg they replace remains a chal-
lenge for the distant future—if ever.

Meanwhile, patients with limb loss must meet the con-
temporary challenge of performing activities of daily 
living (ADL) by employing a variety of creative solu-
tions.  The good news is that more of these solutions 
are available now than ever before, not only in the 
form of technological assistive devices, but of clever, 
common-sense approaches that suggest fresh applica-
tions for everyday items.

Richard Sire, CPO, OT, and owner of California-
based Diablo P&O, observes that within the last year, 
his company has seen an increasing number of upper 
limb amputees—largely young adults who are still 
very active, and successfully being fitted with more 
elaborate hands, wrists and elbows that offer high de-
grees of function.

“Typically,” says Sire, “the world of OT (occupational 
therapy) has all kinds of cool little assistive devices to 
help a person put on their socks or dress themselves, 
especially helpful for bilateral amputees, who are 
more likely to require external assistive devices.”

Sire describes stander frames which allow individuals 
to slip into clothing that is held in a convenient posi-
tion for them to access. 

“One of the most important things to explain to an 
amputee who is going to be wearing a  prosthesis for 

the first time, however, is just that it’s going to take a 
lot more time to prepare themselves to get dressed and 
ready. 

“Once they’ve come to terms with how long it takes, 
most individuals are very self-sufficient in donning 
and using their prosthesis effectively.  It is important 
to set up the house and organize the living arrange-
ments around the prosthesis wearer, keeping things 
accessible at a level that’s easy to reach—so they 
don’t have to overextend for an item and can effec-
tively use their prosthesis.”

Veteran prosthesis wearers advise clearing away ob-
stacles for easier navigation through the house, and 
installing appropriate assistive devices such as ramps, 
a shower chair or grab bars in the bathtub or shower, 
or perhaps building in a roll-in shower with adjustable 
sliding showerhead, complemented by a roll-under 
sink. In the kitchen, countertops may need to be ad-
justed to a non-standard height to make them more 
accessible. Doorways should be wide enough to ac-
commodate a wheelchair, and door should open in 
convenient rather than traditional directions. Outfit-
ting the amputee’s vehicle with adaptive equipment, 
especially if the limb loss involves their gas-pedal 
foot, is a wise precaution.  

There are a variety of gadgets such as suction handles 
for a lower-limb amputee to place conveniently, using 
them for leverage in cramped spaces such as getting in 
and out of cars, Sire notes. 

“Since one prosthesis really can’t duplicate the human 
hand, it's really important that an upper extremity am-
putee have a second prosthesis, with multiple prehen-

ADL Challenges and Solutions 
for Prosthetic Users
Judith Phillips Otto
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sors (hands). A myoelectric prosthesis might be cou-
pled with a conventional hybrid that allows them to 
handle more heavy-duty tasks and outdoor activities 
where the myoelectric hand is not indicated—where 
they’re working around elements such as water, dirt, 
and debris, for example.  

“It’s essential that doctors, nurse case managers, and 
insurance companies understand that it’s important for 
an upper extremity amputee to have more than one 
prosthesis, depending on the activity level of the indi-
vidual. The prosthetist should provide documentation 
to support that fact that an alternative prosthesis is 
genuinely necessary at times.”

Providing a second upper limb prosthesis offers the 
wearer more flexibility and freedom to choose 
different activities and handle them 
well—and that is vital to restoring an 
individual’s functional abilities to 
their pre-amputation levels, which 
should, says Sire, be our primary 
goal.

One solution is to provide the 
amputee with multiple terminal 
devices that slip in and discon-
nect quickly from the arm pros-
thesis, replacing a more cosmetic 
hand with a device suited for spe-
cialized tasks, for example.  

Assistive devices such as reachers or 
grabbers are also available to extend func-
tion; or, says Sire, “…anything that gives the am-
putee the ability to hold or position something so that 
their sound arm can work more effectively.”

Depending on whether the individual is a unilateral or 
bilateral amputee, and whether the amputation 
length(s) are above or below the elbow, the individual 
will require different measures and devices, which 

may include mounting a razor on the shower wall and 
moving the face against it to shave, and mounting 
brushes and sponges similarly for scrubbing otherwise 
inaccessible areas of the body.  Wall-mounted soap 
and shampoo dispensers, and wall-mounted hair dry-
ers are convenient regardless of the length of the am-
putation. 

Mishaps frequently happen to a lower-limb amputee 
while travelling, Sire points out, and it is wise to be 
prepared.  Above-knee patients with suction fit pros-
theses can easily fumble and  drop the small but es-
sential valve that may roll out of reach.  “If you’ve 
only got one leg and no crutches, it’s hard to chase 
down these little things,” explains Sire. “We try to 

supply such patients with an extra valve to keep 
in their travel bag, readily available.” 

Since most AK sockets are a suction 
fit design, the prosthesis wearer 

dons the prosthesis by putting a 
bag over their leg and they pull 
their residual limb snugly into 
the socket, using the bag. To do 
so requires strength. Sire sug-
gests that a specially-designed 
24”-long stick can be used as a 

pull handle to provide leverage 
and allow them to use the larger 

muscles in their shoulders and arms, 
making the process easier and more 

comfortable.

Occasionally, the durable rip-stop nylon pull 
bags can be lost or damaged—in some cases, travel-
ling amputees have made do with a plastic grocery 
bag that works well enough to pull them into the 
socket, Sire reports. 

Motivated by a broken prosthesis that once left him 
confined to a motel room in Europe, unable to locate a 

Patients with 

limb loss must meet 
the contemporary 

challenge of performing 
ADLs by employing a 

variety of creative 
solutions.
Ꮬ
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prosthetist and unable to ambulate, another creative 
lower-limb amputee converted a pair of crutches into a 
telescoping set that fit conveniently into a suitcase, so 
he can keep them handy while travelling. Now the 
convertible crutches are readily available to keep him 
mobile in case of prosthetic emergencies away from 
home. 

Prosthesis wearers who travel frequently can also ask 
their prosthetist to install special rotators just below 
the socket in their BK prosthesis, Sire recommends.  
The rotators enable them to spin the leg out of the way 
to make room in close quarters, such as an airplane or 
other small space.  

Something as low-tech as duct tape can also a life-
saver, says Sire. “If the cosmetic foot shell is break-
ing, the amputee can use tape to restore its integrity.  
Some amputees have also been known to use duct tape 
to repair the suspension belt that helps hold their pros-
thetic leg in place.”    

For amputees who are prone to skin breakdown, 
NewSkin or a similar liquid bandage product can be 
used to protect a sore spot on the residual limb; read-
ily available lotions and balms can also be used proac-
tively to prevent such early-stage skin problems from 
developing.   

Bob Radocy, CEO and President of TRS, a leading 
innovator of body-powered prosthetic devices, is him-
self an amputee, and notes that 60-65% of upper limb 
extremity amputees have limb loss below the elbow 
on one side; 20-25% are missing their hand above the 
elbow on one side. Such a significant majority of 
upper-limb amputees with single-hand loss has limited 
the need for what he calls “a lot of specialized gadg-
ets.”

 “Unlike the loss of a leg, where without a 
prosthesis you become disabled pretty quickly, people 
can exist more easily as unilateral or one-handed.  For 

people who do have bilateral hand absence, however, 
there have been a lot of prosthetic advances, espe-
cially in the area of ADL.”

One significant source for such advances is Texas As-
sistive Devices, which offers unique adjustable wrist 
mechanisms that enable wearers to access areas of the 
body they may have had difficulty reaching, allowing 
them to angulate their terminal device. A visit to their 
web site www.n-abler.org reveals a wealth of acces-
sory aids such as spoons, forks, spatulas, whisks, dif-
ferent knife blades, combs, brushes, and various tools, 
all of which may be quickly and easily snapped into 
and out of a device called an “N-abler.”

The N-abler is affixed securely to the prosthesis, al-
lowing more comfortable and effective manipulation 
of the specialized attachments.

Another variation, the N-abler WHO soft brace is a 
useful aid for amputees with limited function in a sec-
ond hand due to arthritis or injury, but also restores 
vital function for non-amputees with severe arthritic 
issues, carpal tunnel syndrome, brachioplexus injuries, 
or who have hands that no longer function, Radocy 
points out. 

“In the early 1900’s, people used to attach implements 
directly into the end of the arm.  If you needed a 
hammer, you would bolt a hammer into the end of 
your arm.  After that, the technology moved toward 
developing hands and grippers that would allow you 
to handle a number of different tasks, rather than be-
ing specific to a particular instrument or utensil. 

“Texas Assistive Devices has returned to the original 
approach, with direct tool attachments, and it seems to 
be working very well for them.  The N-abler system is 
novel, and resolves some very difficult problems for 
upper limb amputees,” Radocy believes.

Similarly, Access to Recreation (www.accesstr.com ) 
is a company that specializes in gripping gloves for 

http://www.n-abler.org
http://www.n-abler.org
http://www.accesstr.com
http://www.accesstr.com
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non-amputees with impaired gripping 
ability, allowing them to pull the fingers 
closed around a cylindrical object and 
use a Velcro® strap to secure them in 
appropriate gripping position.

Other rich resources for such aids are 
Sammons Preston 
(www.SammonsPreston.com) and 
AliMed  ( www.alimed.com ), who pro-
vide such clever and handy ADL devices 
as a shoehorn that clips to the shoe and 
does not need to be gripped while slid-
ing the foot into the shoe, a floor-to-
ceiling security pole with a pivoting 
grab bar, a doorknob extension handle 
that converts a doorknob into a door 
lever for easier gripping and opening, 
portable plastic doorknob turners, and a 
pocket-sized power gripper that opens 
bottles, pulls up socks, lifts pans, holds 
nails, pulls plugs out of electrical sock-
ets, and picks up paper-thin items.

Button aids, zipper pulls, and sock helper 
frames are just a few more of the simple 
but helpful items available. 

OT’s often include such items in the tips 
they share with their patients, along with 
the use of Velcro ® or elastic cuff-extenders 
to eliminate the need for buttoning cuffs; 
and covering the prosthetic limb with a 
plastic bag before pulling on pants or shirts 
over it. In the kitchen, thin mats of non-skid 
rubber-like material can keep dinnerware 
from sliding, suction-cup nail brushes aid in 
cleaning vegetables—or dirty 
prosthetic hands or grip-
pers—while rocker knives make 

preparing foods—or dealing with what’s 
on your plate—much easier. 

Backpacks and fanny packs are great 
aids that allow no-hands carrying of es-
sentials; portable dollies allow moving 
of bulky and/or weighty items more eas-
ily than attempting to manipulate and 
balance burdens using prosthetic limbs.

And since there’s more to a comfortable, 
fulfilling life than daily functions and 
working for a living, Radocy encourages 
investigating the possibilities offered by 
TRS’s specialized sports and recrea-
tional prostheses. 

In 2007, Medicare approved new L-
Codes that apply to such accessories, 
including activity-specific devices that 

enable upper-limb amputees not only to 
try out a variety of new recreational chal-
lenges, but to participate at a competitive 
level in hobbies such as golf, weight-
lifting, archery, rock climbing, wind surf-
ing, and more. 

“Sports have been proven to be a really 
integral part of the rehabilitation program 
for an individual,” Radocy points out. “If, 
following a traumatic injury, accident, or 
surgery, a person can be integrated back into 
a sport or recreation that they have passion 
about, it has often been demonstrated that 
the physical and psychological benefits are 
profound; such benefits complement the 
person’s overall rehabilitation and, in many 
cases, accelerate other types of rehabilita-

tion, too. 

“The amputee may have anxiety 
about performing again in a work 

Top to bottom: Suction-mounted brush for cleaning nails or 
terminal devices, suction rack stabilizes frying pan, cutting 
board with nails, tab top puller, key turner

http://www.SammonsPreston.com
http://www.SammonsPreston.com
http://www.alimed.com
http://www.alimed.com
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environment, but they might be enthusiastic about 
playing golf or basketball again.  That’s where our 
TRS expertise comes in.  We’ve built a variety of 
high-performance prosthetic accessories that can be 
used with a prosthesis and many of our devices can 
also be adapted to people who aren’t necessarily miss-
ing a hand—they may have non-functional or partial 
hands.”

Radocy recommends the “prosthosis”—a combination 
of an exoskeletal orthosis and a prosthesis—with the 
prosthosis functioning like a classic prosthesis for pa-
tients with limited handfunction.

A high-performance prosthosis or wrist gauntlet al-
lows a functionally impaired wearer to attach different 
prosthetic implements on the medial side of the af-
fected arm; in the case of an amputee, a prosthetist 
builds a prosthesis that accepts those prosthetic im-
plements.   

The prosthosis created for a golfer would accept the 
golf devices, provide the appropriate grip they lack on 
that side, and allow them to use their arm even though 
they may not have any gripping function, Radocy ex-
plains.

Access to Recreation (www.accesstr.com ) is a com-
pany that specializes in gripping gloves for non-
amputees with impaired gripping ability, allowing 
them to pull the fingers closed around a cylindrical 
object and use a Velcro® strap to secure them in ap-
propriate gripping position.

We’ve come a long way…

“Things are completely different today,” Radocy re-
flects. “When I became an amputee back in the early 
1970’s, there was nothing off the shelf, really, other 
than an aid for bowling that wasn’t all that functional 
for a single-handed amputee.  Either you didn’t do it, 
or you did it one-handed—or you found a talented 
prosthetist or figured out how to build one for your-

self—and that’s very difficult. Not many people have 
the technical capability or the resources to be able to 
build something custom for themselves.

“Today you can pull up a catalog like ours on-line, 
that offers amputees a selection of sports or recrea-
tional activities that they can immediately go out and 
experience with an existing prosthesis. If they’ve 
never kayaked and they want to try, they don’t have to 
develop their own kayak-assistance aid to fit onto 
their prosthesis—which would be very difficult be-
cause they don’t necessarily know what kayaking is 
about to being with, so they don’t know what the po-
tential solutions are.  

“Today, they can just take something off the shelf 
that’s built reliably to give them good performance 
and durability so that they’re not going to hurt them-
selves; something that will give them performance 
potential much like a two-handed person. It gives 
them the ability to be competitive with their two-
handed peers. And if they want to further raise their 
level of competitiveness, that’s possible, as well.”

From a not-very-satisfactory bowling aid to an exten-
sive list of specialized products too lengthy to count, 
twenty-first century amputees’ options have certainly 
blossomed: TRS offers solutions for amputees inter-
ested in dabbling in everything from aerobics to arch-
ery, billiards to bicycling, music to martial arts, pho-
tography to firearms, weight lifting to wind surfing. 

And if their passion takes them beyond dabbling and 
into competitive commitment, making life richer, 
fuller, and more worthwhile—well, that’s what makes 

our efforts worthwhile.   Ꮬ

http://www.accesstr.com
http://www.accesstr.com
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According to 2009 statistics from the Amputee 
Coalition of America, there are nearly two million 
individuals with amputations in the United States, 
90% of them lower extremity amputees.  Approxi-
mately 84% of those with lower limb loss use a pros-
thethic limb.[1]

Lower extremity (LE) prostheses are designed to fit 
and serve patients with limb loss beginning at the hip 
level or lower.  Such patients present a wide range of 
residual limb lengths: Most fall into one of two cate-
gories: 

• transfemoral, also known as above-knee 
(AK), amputation or congenital anomaly 
based upon a deficiency of the femur 

• transtibial, also known as below-knee (BK), 
amputation or congenital anomaly based upon 
a deficiency of the tibia 

Other less frequently seen types of LE amputations 
include: 

• hip disarticulations, amputation or anomaly at 
or in close proximity to the hip joint 

• knee disarticulations, amputation through the 
knee, disarticulating the femur from the tibia

• Symes, ankle disarticulation that preserves the 
heel pad

Prosthetic solutions are available for each of these, all 
carefully custom-fitted to serve each individual’s 
unique fit requirements. Many have the potential to 
restore near-natural ambulation, with an emphasis on 
comfort, functionality, and the capabilities to return 
to one’s former life and work. 

Here is a a brief history of modern developments in 
LE prosthetics, noting some significant landmark in-
novations:

In the early 70’s, when Frank Snell, CPO, FAAOP, 
President of Snell Prosthetic and Orthotic Laboratory, 
began serving patients, LE prostheses were all exo-

skeletal, with strong weight-bearing shells, usually a 
plastic laminate over wood. 

Snell recalls that fabrication of the exoskeleton de-
signs required a lot of time and attention from a 
craftsman who shaped, carved, and refined the final 
prosthesis by hand, a much more time-intensive 
process than is required today. The laminated plastic 
exterior and wood interiors were very heavy and 
crude by today’s standards.

At the time, state-of-the-art socket design consisted 
of the patella tendon-bearing (PTB) prosthesis for BK 
amputees, and the total contact quadrilateral socket 
for AK amputees. “The SACH (solid ankle-cushion 
heel) feet developed in the 1950’s were still the most 
commonly used foot system; the knee joint of choice 
was primarily the plain single-axis knee joints, 
though there were a few of the safety knee joints on 
the market from Otto Bock and a couple of other 
companies that were also popular,” said Snell. 

 Between 1975-1985, he notes, the evolution toward 
endoskeletal prostheses began. Endoskeletal designs 
use a soft, non-weight-bearing material as a cosmetic 
covering over the internal, weight-bearing compo-
nents of the prosthesis, and both are more lightweight 
and appealing to wearers.

The Otto Bock systems were first to appear, in the 
mid to late 70’s, remembers Snell. As more and more 
of the foot and knee components became available, 
endoskeletal prosthetics grew in popularity. “The 
drawback to the early endoskeletal components was 
basically their soft foam cover,” he recalls. “Not 
many people understood that they were difficult to 

Concepts in Lower Extremity Prosthetics

Judith Phillips Otto

Judith Philipps Otto is a freelance writer who has assisted 
with marketing and public relations for various clients in the 
O&P profession. She has been a newspaper writer and editor 
and has won national and international awards as a broad-
cast writer-producer.
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shape and not very durable; therefore in some ways 
they were not well received by some of the ‘old tim-
ers.’

“Since then, virtually everything has become endo-
skeletal,” he concludes. “Ninety-nine of every 100 
prostheses that we make today are endoskeletal. As a 
matter of fact, it is almost impossible to buy a wood 
knee set-up for an above-knee prosthesis; most have 
been discontinued by the manufacturer.”

It Starts with the Socket: Below-the-knee 
Suspension Systems 

“The old PTB transtibial socket has mor-
phed into the total surface-bearing 
(TSB) socket as the system of choice 
for BK prostheses,” says Snell, 
“based on studies made at UCLA 
years ago.” 

The most important feature of a 
TSB socket is total contact, 
achieved through casting and 
fabrication that allows no gap 
between the residual limb and 
the prosthesis socket. A prop-
erly fitted TSB socket may be 
attached to the residual limb us-
ing one of several effective sus-
pension systems, including these top  
choices:

Suction Suspension Sockets 

The valve system uses a silicone gel liner that is 
rolled onto the residual limb like a sock, providing a 
layer of cushioning while it secures the socket and 
prosthesis through suction.  The socket includes a 
suction valve to help extract air. Often a neoprene, 
latex, or silicone suspension sleeve is pulled on over 
the prosthesis and the knee and thigh above it, pro-
viding additional support.

Seal-in gel liners work similarly, but do not require a 
suspension sleeve since they have an expandable ap-
pendage that plugs tightly into a socket receptacle.  A 
suction valve is used with this system. 

The vacuum-assisted suspension (VAS) system uses a 
built-in pump that expels air from the socket at each 
step, securing the connection. 

Locking suspension sockets also use a gel liner 
donned over the residual limb like a sock. This cush-
ioned liner, however, includes a pin at the distal end; 
the pin is designed to lock securely into the plastic or 
laminated socket of the prosthesis.

“Total surface-bearing sockets, particularly those 
with gel liners, have become commonplace, both for 

below- and above-knee applications,” notes Snell. 
“Suction-suspended sockets for both levels 

are a great improvement over the days 
when sockets used to be fit with wool 

socks or, later, over bare skin.  That 
protective gel layer not only 
helps provide suspension, but 
reduces the shear forces on the 
patient’s skin.”

Above-knee Suspension 
Systems 

As with below-knee suspen-
sion systems, there are a num-
ber of socket designs available, 

and the choice is usually based 
on the residual limb shape, as 

well as the patient’s activity level. 
The most popular choices include:

Suction suspension based on total direct 
contact between residual limb and socket, as-

sisted with a suction valve that expels air from within 
the socket. No gel liner is used.

Suction suspension with a gel liner serving as an in-
terface between the limb and the socket. The liner is 
designed with a special suction rim.

Pin-lock suspension utilizes a pin that is attached to 
the distal end of a gel liner that is donned over the 
residual limb; the pin locks securely into a receptacle 
inside the prosthesis socket, holding it firmly in 
place. 

Lanyard suspension uses the same principle, but uses 
a strap or cord attached to the distal end of the gel 
liner; the cord is passed through an eyelet in the cen-

According 
to the Amputee 

Coalition of America, 

there are nearly 

2 million people 
living with limb loss 
in the United States.

Ꮬ
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ter of the socket. The cord is then used to pull the 
prosthesis on snugly, and is secured to the socket. 

A suspension belt may be used in conjunction with 
any of these systems, for additional security. 

Knees That Think

The astonishing and revolutionary C-Leg, the poster 
child for microprocessor knees introduced in 1999, is 
still “very much the gold standard in its field,” be-
lieves Snell.

The ’60s produced hydraulic knee mechanisms, state-
of-the art for their time, says Snell. “Pistons allowed 
the AK prosthesis wearer to walk at a variable rate of 
speed, a great improvement over the old single-axis 
friction knee joints which walked at one speed, and 
the friction of the knee would be pre-set for whatever 
that speed was going to be.  

“Hydraulic knees allowed patients to enjoy walking 
at variable speeds. The knee would respond accord-
ing to the pressure on the valves inside the hydraulic 
cylinders as the wearer speeded up or slowed down. 
That was state-of-the -art till the time that the micro-
processors came on the scene,” remembers Snell.  

The C-leg took not only the prosthetic community by 
storm, but also enjoyed widespread appeal in the 
popular media as military veterans returning from 
war zones were fitted with the best that our country’s 
brain trust could develop: a bionic knee that allowed 
the wearer to walk without consciously planning and 
preparing for every step. 

Snell, who has served as a C-Leg consultant for the 
Department of Defense and Walter Reed Medical 
Center in Washington, D.C., notes that, unlike previ-
ous knee joints, the C-leg is finely tuned to the indi-
vidual’s natural gait. As the wearer walks, the built-in 
microprocessor recognizes and adapts to the dynamic 
changes required for real-world navigation. This en-
ables the wearer to move more freely in everyday 
situations, speeding up or slowing down on flat ter-
rain, negotiating slopes and uneven terrain, and even 
descending stairs foot-over-foot, which is not possi-
ble with other systems. 

What makes the C-Leg so “smart” is a series of on-
board sensors mated to a microprocessor that reads, 

adjusts, and adapts values to every move 50 times per 
second, resulting in automatic stumble protection. 
The knee’s functional capabilities are so impressive 
that military personnel are allowed to return to active 
duty after being fitted with a C-leg. 

“Over the last 10 years, the C-Leg has gone through a 
couple of landmark improvements, and continues to 
retain state-of-the-art status,” says Snell. “They’ve 
been able to improve the responsiveness of the knee, 
and its ability to think through its computer and react 
to the patient’s needs. The initial C-Leg had one 
mode, the third and current version has three modes; 
it can be programmed for walking or for a recrea-
tional activity, plus its locking mode.”  

The C-leg has been joined in the marketplace by 
other microprocessor knees, such as the Ossur Rheo 
knee, the Endolite Adaptive knee, and the Freedom 
Plie knee. 

Prosthetic Foot Evolution 

The prosthetic foot and ankle have also made aston-
ishing leaps in their development. The old articulated 
wooden foot with its true ankle joint, with rubber 

bumpers front and back, was 
very crude, heavy, and cer-
tainly not very durable. The 
advent of the 1950’s SACH 
foot was revolutionary in its 
time, since it was extremely 
durable, lighter in weight, and 
rugged, but it was certainly as 
dead as the rubber it was 
made out of, notes Snell.

The mid-80’s saw the advent of energy-storing feet, 
heralded by the Seattle Foot and the Flex Foot.  
These and successive designs retain the wearer’s en-
ergy from one step to the next, and release it into the 
next step. If you wore a foot that retained 30% of 
your energy step-over-step, and if you walked 1,000 
steps in a day, the Seattle Foot would save you the 
energy equivalent of 300 steps over using the SACH 
foot.  So you would have 300 more steps at night to 
enjoy your recreational time with your kids, your 
family, your second job, your hobby or whatever else.

SACH foot
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Energy-storing feet remain state-of-the-art, with im-
provements continually being made on the wide 
range of designs available, most recently the Free-
dom Renegade, Ohio Willow Wood Fusion Foot and 
Pathfinder II, and the Otto Bock Action DP.

Within the last two years, microprocessor technology 
previously pioneered in the C-leg was applied to 
prosthetic feet. The Ossur Proprio Foot appeared 
first, complete with a “smart ankle” that automati-
cally lifts the toe end of the foot far enough to clear 
the ground at the beginning of each step, adjusting 
for slopes and stairways.  Its built-in microprocessor 
takes measurements of the foot’s movement through 
space at a rate of 1600 times per second, timing gait 
characteristics like heel strike and toe off, learning 
and adjusting ankle motion with each step.

What’s in the Future?

Other microprocessor foot designs are currently in 
development, says Snell, and the latest improved C-
leg that’s currently on the drawing board promises 
even greater capabilities for wearers to enjoy–but it 
won’t be available for another year and a half. 

Richard Sire, CPO, owner of California-based Diablo 
P&O, points out that the focus on developing fantas-
tic prosthetic solutions is currently tied to upper ex-
tremity possibilities, where miniaturization of servos, 
batteries, and power packs is leaping forward.  In 
lower extremity, improvements to the interface of 
limb and socket may be forthcoming with continuing 
research and development.  

“We could be moving toward some sort of micro-
processor control where the prosthesis is more re-
sponsive and obviously lighter and more streamlined, 
always an engineering feat.  It’s also safe to look 
forward to some advancements with the engineering 
aspects of the componentry, making it more lifelike.”

Costs and Reimbursement   

The cost of fitting lower extremity prostheses can be 
significant, as some devices with an expected fatigue 
life of two years may cost as much as $50,000.

As Snell points out, however, with the healthcare re-
form bill in a state of flux as of this writing, things 
may change quickly and dramatically regarding re-

imbursement, so it’s hard to anticipate what may or 
may not be covered.    

“Reimbursement before Medicare consisted of pri-
vate pay,” Snell reminds us.  “When Medicare came 
on the scene, they essentially had two reimbursement 
codes for lower extremity prosthetic costs: They had 
a code for an above the knee prosthesis, and a code 
for a below the knee prostheses, and the fee schedule 
ordered reimbursement in a flat amount.

“With the advent of the Healthcare Common Proce-
dure Coding system (HCPC), additional codes were 
assigned for additional options that were added on, so 
far as total contact sockets, lightweight alignable 
components, energy-storing feet, safety knees, spe-
cial suspension systems and all that, to where now 
there are more than 700 codes that are used to iden-
tify all prosthetic lower limb and upper limb de-
vices.” 

The Medicare fee schedule based on those codes 
serves as a guideline for reimbursement, and is used 
by private payors as well.  Although the rates are re-
viewed annually, Snell observed that reimbursement 
has reflected only an average 1.1% increase per year 
for the last 20 years.  “It hasn’t begun to keep pace 
with costs.”

On the positive side, however, newly introduced 
technology is usually recognized at a favorable rate. 
So, says Snell, “in my opinion, the only way to make 
a living is to stay current with technology—which is 
also more advantageous for our patients, too.” Cur-
rently, about 25% of his AK prosthetic patients are 
receiving C-legs, despite their significantly higher 
costs. Other patients get more basic devices, some-
times due to reimbursement issues. 

“We try to provide the most functional device to an 
amputee, and often that means going with better 
technology.  In the cases of those people who do not 
receive the C-Leg, it’s probably 50-50 that either it’s 
financially related or they’re just not a proper candi-
date for that type of technology.”

Snell reports that reimbursement in his area can be 
characterized as roughly 52% Medicare; 12% Veter-
ans’ Administration; 8% workers’ compensation, 8% 
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Medicaid, with Rehabilitation Services covering the 
odd fraction.

What about the cost of maintenance?  How fre-
quently do lower limb prostheses break? Sire notes 
that the softer items are particularly vulnerable to 
wear and need replacement. “Often an outer knee 
sleeve for suspension or a cosmetic cover on the leg 
can be fragile by nature.   If they’re ripped or torn 
they do need periodic replacement, and there are 
some cost concerns. We’re finding that some insur-
ance companies are not basing it on medical neces-
sity; they’ll just cap it and pay for two 
sleeves per year regardless, and then the 
member may need to pick it up.

“Fortunately there are still some 
payors out there like Medicare 
and some other HMO’s that base 
it on medical necessity and they  
understand that if the sleeve is 
worn, the suction and the sus-
pension is compromised, and 
that can be a safety concern, or 
can allow pistoning of the re-
sidual leg in the socket, which 
could lead to abrasion and skin 
breakdown.”

An athletic patient will naturally 
need more replacements than a less-
physically active one.  Sire points to a 
bilateral amputee patient who teaches a spin 
class—demonstrating the pedaling exercises on a 
stationary bike.  “Imagine how many times her knee 
is going to flex and extend in that spin class, versus 
her walking. That repetition alone tends to eat 
through these liners.”

Maintenance and replacement costs may be prohibi-
tive; and some patients may forego a lower limb 
prosthesis entirely, whether due to cost or for a vari-
ety of other reasons. 

“A lot of those are people that we simply don’t see 
and are unaware of their reasons.  Occasionally, how-
ever, amputees fail to receive timely education con-
cerning their situation. 

When they come to me, I’ve had to contact the physi-
cian or nurse case manager to let them know that the 
patient is just not a candidate at this time because of 
their deconditioning.”

Sire describes a bilateral candidate who is not an am-
bulatory candidate, but has a history of falling out of 
his wheelchair.  “The patient is difficult to transfer, 
and his wife is a slight-framed woman who has diffi-
culty moving him.  Getting him legs will just basi-
cally help with transfers and assisting with changes 
of clothing, that kind of thing.  We’ll go with a very, 

very basic design.” 

What Are People Wearing? 

No one prosthesis is the right pros-
thesis for everyone, due to the va-

riety of patient conditions, hab-
its, and personalities.  Sire 
points out that he has to be 
flexible because his patient 
demographics represent a 
broad cross-section, and in-
clude younger trauma patients 
as well as geriatric patients. 

“Before we even start with a 
patient, we have to really dig in 

and do a full comprehensive study 
on them, their activities, their life-

styles, and talk to them up front about 
the design that we want to implement.  

We don’t make any unilateral decisions here 
at Diablo. We get the patient involved in helping us 
design their prosthesis, so if there’s any fallback, the 
patient really does understand what’s going on and 
has anticipated what the concerns could be.” 

Like Snell, Sire uses many gel and silicon liners that 
facilitate total surface-bearing contact between resid-
ual limb and prosthetic socket.  “We use all the main 
manufacturers’ liners, everything from Ossur to Ohio 
Willow Wood, to Alps, Medi-Pro, and Silipos.  It all 
comes down to the patient and what’s going to be 
best for them, whether it’s a financial concern or a 
functional concern. Sometimes it’s a case of finding a 
system that’s easy to use and user-friendly.  Some-

The cost of 
fitting lower 

extremity prostheses can 

be significant. Some devices 
with an expected fatigue life 
of two years may cost as 
much as $50,000.
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times that plays into it, along with meeting their func-
tional needs.” 

There are dozens of prosthetic feet to chose from: 
dynamic response multi-axial, with specialized de-
signs for running, jumping, hiking, etc. Do many am-
putees actually need and use more than one prosthetic 
foot? 

It really depends on the patient’s functional level, 
says Sire. “There’s really no single mechanical foot 
that can offer the advantages of the human anatomy, 
so someone like the bilateral aerobic spin class in-
structor who is also a new mom who does a lot of 
walking, and hands-and-knees playing with her kids 
might require a few different types of systems.  She 
might need either a running or sprinting foot, one for 
walking, plus one that would accommodate uneven 
terrain; whereas an 80-year-old might get by just fine 
with one leg that meets all the medical needs for that 
individual.  It just really depends on the prosthetist 
selecting the appropriate foot for the patient to get the 
best possible outcome.”

As for keeping a spare leg in case of damage to the 
other, Sire notes most insurers won’t cover the cost of  
a back-up prosthesis.  He advises patients not to 
throw an old prosthesis away if they upgrade to a 
new model, but keep it as a working back-up.     

“Amputees get used to being almost able-bodied. 
When you take that leg away to work on it, and you 
have to have it for a few days, they’re in a wheelchair 
and they’re handicapped again, and it doesn’t go over 
so well.  I think it’s important that they do have a 
backup leg, because if they have any problems with 
their prosthesis, they literally can’t walk.”

It’s All About Attitude

Most of his prosthetic patients return to the activity 
level that they had before amputation, and expect to 
do so, says Sire. “The majority of the amputees that 
we see are transtibial and they really have phenome-
nal outcomes. They perform so well. With higher 
level amputations, it becomes more difficult, of 
course, especially for a very short transfemoral am-
putee. They face a much longer time in physical ther-
apy, with much more gait training; their learning 
curve is much longer.”

One of the most significant adjustments, based on 
patient feedback, is the amount of time it takes pros-
thetic patients to go about their normal daily activi-
ties.  “They have to prepare themselves much earlier 
to get the leg on, to get dressed, to get out to the car,” 
says Sire.  “A few people have told me they just ac-
cept the fact that it takes them a lot longer and they’re 
not in such a hurry. They’re diligent about putting it 
on properly and going through the motions safely, 
because any amputee who has ever taken a fall, 
they’ll do almost anything to avoid it again.

One patient described the morning, soon after his re-
lease from the hospital following his amputation, 
when he awoke and got out of bed, forgetting that 
one leg was missing, and took a bad fall, reinjuring 
his still-healing residual limb.  Subsequently, he kept 
his crutches propped prominently where he could not 
fail to see them upon awakening.   

Attitudes toward prostheses have changed over the 
years, and many new amputees go through an evolu-
tionary process that reflects those changes.  “At first, 
they are as much concerned about restoring the body 
image as they are about restoring their function,” 
notes Snell. “Certainly they want it to look the same, 
although it rarely does, of course.  As time pro-
gresses, the patients realize that there is more to be 
replaced regarding function than there is cosmeti-
cally.  They begin to understand that one is certainly 
more important than the other in the long run.  

“Actually, people don’t even wear covers on a third 
of the prostheses we make today.  We tease them that 
we charge more for that premium robotic look.”

The higher visibility of amputees on the Internet, on 
various science and adventure TV programs, and per-
forming impressively in the Paralympics with their 
specialized (and non-cosmetic) prostheses have defi-
nitely had an impact. “It’s not as unusual today for 
someone to say, ‘Look, I’m an amputee and I’m 
proud of it!’” says Snell. 

Sire agrees. “One trend that I’ve noticed is that we 
don’t do nearly as many cosmetic coverings on legs 
as we did 12 or 15 years ago. Then, everyone wanted 
to hide it, they wanted their leg back, they wanted it 
to look like their leg.  Now, they’re a little bit more 
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open about it.  They don’t mind if people talk to 
them. They don’t mind wearing shorts and just show-
ing off that high-tech kind of look.  I think they’re a 
little more proud to say, ‘Yeah, I’m an amputee, I’ve 
overcome these challenges and look at me now!’ 
rather than sitting in a wheelchair and watching life 
pass them by.”

It seems likely, says Sire, that, “When one starts 
looking at other amputees and seeing them standing 
up, smiling, saying ‘Look what I can do!’ people start 
to look at themselves and say ‘I can do that, too!’”

Sire speaks highly of the value of peer support groups 
and family involvement.  He keeps informational 
printed materials from the Amputee Coalition of 
America in house and disseminates them to new am-
putees.  “There are also local support groups, and I 
have a handful of patients I have worked with over 
the years who have always been gracious enough to 
take time to talk to new amputees.  That kind of sup-
port can make a big difference.”

Courtesy of the Internet, especially O&P-specific in-
formational sites like www.oandp360.com , today’s 
amputees are much better informed and can readily 
find answers to many of the questions that once left 
other amputees frustrated and baffled.

Obstacles still exist, however.  Age-related challenges 
such as arthritis, osteoporosis and vascular issues 
make the adjustment especially difficult for some 
geriatric patients. Even those who are experienced 
lower limb prosthesis wearers may discover that 
compensating with their sound leg, or with their hips 
and back if they are bilateral, accelerates the progress 
of arthritis.  

Decreased mobility increases osteoporosis-related 
vulnerability to fracture. Wearing a prosthesis is a 
good way to load weight-bearing bones, slowing os-
teoporosis progression and skeletal degeneration. Just 
getting in and out of chairs and vehicles and navigat-
ing stairs around the community represents a series of 
challenges that improves the amputee’s overall fit-
ness. 

Challenging Everest 

What’s the toughest challenge in caring for a lower 
limb amputee? 

Reimbursement issues are certainly high on the list, 
notes Snell. “Dealing with the preauthorizations and 
getting all the i’s dotted and the t’s crossed for vari-
ous insurance and third party payors is as much work 
as the actual fabrication of the prosthesis.” 

“On the clinical side, it’s kind of a mixed bag,” he 
continues. “Certainly the initial preparation for the 
prosthesis is challenging, getting the wound healed 
and shaped, and stabilizing other medical problems 
such as peripheral vascular disease, diabetes, etc.  At 
any given time nearly 10% of our cases involve com-
plications such as a possible second amputation, re-
injury of the unhealed residual limb, a heart attack, or 
unregulated diabetes, all of which complicate the ad-
vancement of their prosthetic care.”

From the patient’s perspective on what’s challenging, 
says Snell, that initial psychological hurdle of losing 
part of one’s body can be very tough. He described 
the case of a woman who lost both her legs within ten 
days, without warning, as the result of an incorrect 
diagnosis. Counseling her through the adjustment to 
this abrupt bereavement and a drastically different 
future was an essential part of the prosthetic care he 
provided.    

Sire believes that the toughest challenge and the 
greatest obstacle to a successful outcome for an am-
putee is a lack of adequate comprehensive care.  

“Amputees have come to me three months after their 
amputation; they have had no physical or occupa-
tional therapy, no essential preparation to receive a 
prosthesis.  The lack of coordination with allied 
health care is a real problem, I think, because it really 
puts the patient at a disadvantage, especially in cases 
where they have been nursing wounds for a while, 
they’ve been off their feet, they’ve already started a 
de-conditioning process.”

A multidisciplinary team approach to care, allowing 
the prosthetist, therapist, surgeon, and case manager 
to work cooperatively, has proved beneficial to the 

http://www.oandp360.com
http://www.oandp360.com
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patient and the efficiency of the process overall.  
Consultation between prosthetist and surgeon prior to 
an elective amputation can result in a residual limb 
that is able to distribute weight-bearing more evenly, 
fit more comfortably within a prosthetic socket, and 
deliver a higher level of functionality. 

Sometimes all it takes is a little communication.  Sire 
describes a discussion with a wound care nurse who 
had advised the therapist to prevent the patient from 
using his prosthesis because he had a history of de-
layed healing. “She was not aware that use of the 
prosthesis could be beneficial to the patient in the 
healing process.  I explained that with supervision, 

getting the patient up to use his prosthesis would 
promote circulation, and getting blood to the dam-
aged tissues would help promote healing; the danger 
was in wearing it all day while he remained inactive.

“It’s just a matter of education,” he concludes. “If 
more people knew more about prosthetic devices and 
wearing schedules and skin tolerance, how to read the 
signs, we’d have a lot better potential for excellent 
outcomes.” 
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Phantom pain is per-
sistent pain of  a body 
part following the loss of 
the body part. This neuro-
pathic pain entity can pro-
duce disabling conditions in 
many patients. Phantom pain 
may occur following the loss 

of  limbs, but also digits, eyes, 
nose, teeth, tongue, breasts, bladder, anus, and geni-
tal organs. The etiology of phantom pain is unknown, 
and treatment options are limited. After an individual 
loses a limb, the brain continues to detect the pres-
ence of the missing limb even though it is no longer 
attached to the body, likely through proprioceptive 
signals. [1]

Phantom limb pain should not be confused with 
wound pain or stump pain.  Wound pain is related to 
normal tissue trauma related to surgery and will  re-
solve as tissue healing occurs.  Stump pain occurs at 
the distal end of the residual limb, persists following 
wound healing, and may be due to delayed wound 
healing, surgical complications, or a poor fitting 
prosthetic.

In phantom limb syndrome, patients experience sen-
sations, painful or otherwise, in a limb that no longer 
exists. This usually occurs within 1 month after 
amputation.[2] However, phantom pain may be de-
layed for more than a year and has been reported to 
have been delayed as long as 30 years.[3] 

Phantom limb pain occurs in 80-100% of 
amputees.[4] Unfortunately, it is often resistant to 
treatment. Phantom limb syndrome is a difficult con-
dition to understand and treat because its precise 
causation is not fully understood.  Risk factors for 
developing phantom limb pain include presence of 
preoperative pain, traumatic amputation, and type of 
anesthesia used during amputation. Another consid-
eration in patients with lower extremity amputations 
is low back pain.[5] The etiology is usually myofas-
cial in origin. 

Anesthesia technique can affect the incidence of 
phantom pain. Preamputation pain can be managed 
with local anesthetic and opioid epidural infusion, 
continued for the operation and for 2 to 3 days fol-
lowing surgery. Epidural morphine and bupivacaine 
alone or in combination have been demonstrated to 
prevent phantom limb pain in patients with preexist-
ing limb pain.[6] Jahangiri and colleagues reported 
that the use of a perioperative epidural infusion of 
diamorphine, bupivacaine, and clonidine to prevent 
phantom limb pain in patients with preexisting limb 
pain.[7] 

It is this author’s personal experience that phantom 
limb pain can be controlled with an anticonvulsant 
and an antidepressant. However, of the many treat-
ments available, few have undergone rigorous criti-
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cal investigation; there is no single well-studied rec-
ommended treatment.  The Food and Drug Admin-
istration has not approved any agent specifically for 
phantom pain. Consequently, each patient’s pain 
management must be individually tailored. The fol-
lowing is a summary of research findings on phar-
macological, surgical, mechanical, and/or behavioral 
treatments currently in use or under investigation. 
Please refer to the original articles for full details.

Pharmacologic Therapy  

Contralateral injections of 1 ml 0.25% bupi-
vacaine in myofascial hyperalgesic areas 
attenuated lower extremity phantom 
limb pain and affected phantom 
limb sensation in one study.[8]  
Another study demonstrated the 
efficacy of ketamine for the 
management of phantom limb 
pain.[9]  Anticonvulsants and 
antidepressants are reported to 
be effective as well.[10] Beta 
blockers have been recom-
mended for pain management 
as well.[11] Memantine has also 
recently been mentioned as a 
treatment for phantom limb 
pain.[12]  Amputees treated with botu-
lism toxin type A showed significant reduc-
tions in both phantom and stump pain.[13] Calci-
tonin is reported to be effective in acute phantom 
limb pain patients but its efficacy in chronic phantom 
limb patients has not been demonstrated.[14]

Neurosurgical Approaches 

Dorsal Root Entry Zone (DREZ) myelotomy (also 
known as DREZ procedure) selectively destroys the 
posterolateral aspect of the spinal cord, correspond-
ing to the area through which dorsal (sensory) root 
fibers enter the cord itself. This procedure often has a 
good long-term effect for the management of phan-

tom limb pain.[15] These investigators also reported 
the efficacy of mesencephalotomy and bilateral ante-
rior cingulotomy.   

Neurological Stimulation 

Spinal cord stimulators and transcutaneous electrical 
nerve stimulators (TENS) have been reported to be 
effective for the management of phantom pain in-
cluding phantom limb pain.[16, 17]  In one study, 
patients were treated solely by applying TENS to the 
contralateral extremity at the sites where the phan-

tom pain originated on the amputated limb. 
[18] Another report recommended apply-

ing TENS to the amputated limb.[19]  
Dorsal column stimulation has been 

used for pain control in some 
amputees.

Mechanical 

Mechanical stimulation by 
stump tapping or prosthetic 
application may also be useful 
in decreasing phantom limb 

pain.[20]

Behavioral Therapy

Psychological evaluation should be 
considered after amputation because 

amputation can have a profound psycho-
logical impact.[21] Measures for psychologi-

cal diagnostics and care should be initiated soon after 
amputation to prevent anxiety and depression.  
Modifying both patient and provider behavior is 
helpful in decreasing phantom pain.  Physicians and 
psychologists must provide ways to help patients 
avoid “learning pain,” e.g., by modulating pain 
through anticipation/expectation focus sessions.[22] 
Psychological effects of a limb amputation on the 
patient’s marriage and family life must be evaluated.  
Family consoling may be necessary in some 
cases.[23] Eye movement desensitization and re-
processing (EMDR) treatment may eliminate phan-

Phantom 

limb syndrome is a 

difficult condition to 

understand and treat 
because its precise 
causation is not fully 

understood. 
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tom limb pain as well as the psychological conse-
quences of the amputation.[24] Psychosocial prob-
lems, e.g., emotional conflicts or misleading 
thoughts,  should be recognized by health care pro-
viders and be brought into connection with the pain 
that the patient experiences.[25] This may help to de-
crease the patient’s pain.

Complementary Therapy

Reflexology treatment, teaching, and self-treatments 
were effective in eradicating or reducing the intensity 
and duration of phantom limb pain in one study.[26] 
Virtual feedback has also been shown to alleviate 
phantom limb pain.[27] Mirror visual feedback is an-
other therapeutic tool to relieve perceived involuntar-
ily movements and paralysis in the phantom limb.[28]  

Experimental Approaches

The inflammatory cytokine tumor necrosis factor-
alpha (TNF) has been shown to play a pivotal role in 
the development and maintenance of a wide variety 
of neuropathic pain conditions.[29] Six soldiers with 
residual limb and phantom pain were treated with a 
series of perineural etanercept injections. This treat-
ment blocks TNF, thus attenuating pain perception. 
Five of the six patients reported significant improve-
ments in residual limb pain at rest and with activity. 
This was a small study.  A prospective double blinded 
study remains to be done; meanwhile, this remains 
investigational. 

Deep brain stimulation is another yet another effec-
tive modality for the treatment of refractory phantom 
limb pain [30] and continues under investigation. 

Myoelectric prostheses have motors controlled by 
electrical signals that occur during voluntary muscle 
activation in the remaining limb. A myoelectric pros-
thesis may reduce phantom pain. Immersive virtual 
reality is also being investigated as a treatment for 
phantom limb pain.[31]

Summary

There are no specific clinical treatment guidelines for 
phantom pain. To date, there is no one best therapy. 
To adequately care for an individual with phantom 
limb pain a caregiver must be aware of the various 
treatment modalities that are available.  One single 
treatment is usually not effective.  Usually a combi-
nation of treatments is needed to adequately control 
phantom pain. Patients with severe pain should be 
referred to a pain specialist to ensure optimal and 
timely interventional pain management.  The follow-
ing Web site has further information: 
http://www.mayoclinic.com/health/phantom-pain/DS
00444/DSECTION=treatments-and-drugs
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brain injury and has been dedicated to pursuing and advancing 
the best in clinical treatment, education, and research. 
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baseball in Little Rock. An avid semi-professional photographer, Byrd shoots Little 
League team photos for teams across the state.

The Latest In Technology. The Best In Care.          http://www.snellpando.comPROSTHETICS / ORTHOTICS / PEDORTHICS / POST-MASTECTOMY

Snell Prosthetic & Orthotic Laboratory
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Keeping Current in Orthotics and Prosthetics:

A Resource for Life Care Planners
Victoria Powell RN CCM LNCC CNLCP MSCC CEAS

PrimeCare is an orthot-

ics and prosthetics net-

work of eighty-two offices in 
seventeen states in the U.S. 
This network of independent 
orthotics and prosthetic facility 

owners is dedicated to maintaining a philosophy of 
conscientious patient care in today's environment. 
PrimeCare is an excellent resource for knowledge 
and practice in the orthotics and prosthetics arena.  
http://www.primecareop.com/about.htm 

The PrimeCare network provides two educational 
seminars for the O&P industry: PrimeCare East and 
PrimeCare West. This year, they held a provider rela-
tions seminar called The imPRESS Seminar. Ms. 
Cathie Pruitt, PrimeCare president, generously of-
fered free admission to fifteen nurse life care plan-
ners for the imPRESS Seminar and I was fortunate to 
be one of the two who attended. 

One of the speakers was Mr. Byron Backus, a mem-
ber of Otto Bock's Professional Clinical Services De-
partment. He is an instructor for the Helix Hip, Har-
mony, C-leg, Dynamic Arm and basic myoelectric 
courses and involved with product development and 
new componentry. He previously worked with pedi-
atric amputees at Shriner’s Hospital for Children’s/
Twin Cities., Minnesota.

C-leg

Dr. Backus spoke on the Otto Bock C-leg. The C-leg 
is a microprocessor controlled device which im-

proves stability while requiring less effort in the 
swing gait phase. It also improves stance by provid-
ing security on stairs, uneven surfaces, hills and 
ramps. A stumble recovery system is built into the C-
leg microprocessor. This stumble recovery system 
and the C-leg technology overall provide amputees 
with confidence to participate fully in activities 
within the community. It allows the wearer an oppor-
tunity to successfully engage in a variety of activi-
ties, such as walking, biking, skiing, skating, riding, 
etc.

Backus explained the eight different phases of the 
gait cycle and how the C-leg works to improve them 
for the amputee. The C-leg knee microprocessor joint 
measures gait parameters fifty times per second, ana-
lyzes the user’s gait, and adjusts the hydraulic con-
trols in anticipation of the user’s next movement. The 
C-leg provides an energy-efficient gait with con-
trolled sitting and kneeling. It enables the user to 
reach the necessary heel raise so that the foot clears 
the ground during swing phase, thus significantly re-
ducing falls. 

A video showed a patient with a hip disarticulation 
wearing a C-leg going up and down a very steep 
ramp, quite a remarkable feat.  We also saw videos of 

Victoria Powell is  is CEO/President of VP Medical Consult-
ing. She is a Nurse Case Manager, Nurse Life Care Planner, 
Medical Set Aside Allocator, Legal Nurse Consultant, and 
Ergonomic Assessment Specialist. She can be reached at 
1201 Military Road, Ste. 2 Box 214, Benton, AR  72015
Victoria@VP-Medical.com, 

http://www.primecareop.com/about.htm
http://www.primecareop.com/about.htm
mailto:Victoria@VP-Medical.com
mailto:Victoria@VP-Medical.com
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individuals with the C-leg walk-
ing on balance-beam concrete 
barriers, walking over rough 
terrain, walking on a large log, 
and holding children while they 
walked up and down stairs. 
(Editor’s note: Searching “C-leg 
stairs” online returns several good 
videos.) The significance of the 
C-leg is that it lends itself to 
bodily incorporation, returning 
a sense of connectedness to the 
world to the user. For former mechanical prosthesis 
wearers, it lowers their frustration and helps them 
meet their functional needs. The C-leg has the power 
to open up a world in which the amputee may rees-
tablish and further develop his or her place within 
the community.  

Studies show significant improvement in nearly all 
parameters for amputees using microprocessor-
controlled knees. Falls and associated injuries are 
minimized and overall health outcomes are improved 
dramatically.  Otto Bock said it best: “The goal of 
our work and our mission in this country and the 
world is to help our fellowmen disabled by loss of 
limb or other physical limitations by providing or-
thoses and prostheses so superior that they do not 
regard themselves as handicapped, but once again 
lead a productive life.” 

Backus then introduced Robert Jordan, who shared 
his personal experience using this device. He is a 20-
year amputee who has worn well over 40 prostheses 
during his lifetime, an unusual case. At one time he 
averaged a new mechanical leg every 96 days. Mr. 
Jordan explained that after his injury he had to make 
a decision whether he was going to live or die; and, 
when he chose to live, he chose to live as normal a 

life as possible.  He works as a 
cattle rancher and he also does 
copper work requiring him to 
climb on roofs to create custom 
copper chimney caps.

Prior to using a C-leg, Mr. Jordan 
reported daily falls and back and 
hip pain. He also had mental fa-
tigue from constantly thinking 
about his prosthesis and his envi-
ronment. For the past nine years, 

however, Mr. Jordan has worn a 
C-leg. He wore his first C–leg for seven years. That 
same C-leg is now worn by another amputee, since it 
was still in good working order. The only reason Mr. 
Jordan replaced it was that he just wanted to test the 
newest and latest technology!

The C-Leg has a lithium ion battery that lasts 40-48 
hours.  It is charged every night. A cigarette lighter 
charger is available to charge it on the road if neces-
sary. A typical C-leg is warranted for three years; an 
extended warranty to five years is available. Re-
placement every 3 to 5 years is considered typical. 
Of course, the socket requires adjustment with every 
weight change (up or down). The average C-Leg re-
quires about 20 billing codes. Usual and customary 
cost, exclusive of socket, is about $65,000. All the 
prosthetists present at the seminar agreed that when-
ever possible a client should always start on the mi-
croprocessor knee before he picks up bad habits by 
using a mechanical model.  

i-LIMB

Susi Ebersbach, Touch Bionics Director of rehab as-
sistance and clinical evaluation program and John 
Carpenter gave a presentation on the i-LIMB. Mr. 
Carpenter is a former small business owner and a 

Otto Bock C-leg
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congenital amputee.  He is a 
lifelong user of both myoe-
lectric and body-powered 
prostheses. He was fitted with 
an i-LIMB hand in June 2008 
and was so impressed that he 
decided to join Touch Bionics 
to bring the i-LIMB to others.

Touch Bionics began in 1963 
at the Princess Margaret Rose 
Hospital in Edinburgh, Scot-
land, when prosthetic solu-
tions were being developed 
for children with phocomelia 
caused by first-trimester tha-
lidomide exposure. In 1998, 
work began in earnest on an 
electronic-type arm. Touch 
Bionics began in 2005 and in 
2008 acquired LIVING-
SKIN™ to produce high-definition silicon covering 
for the i-LIMB.

Ms. Ebersbach noted only about 14% of all amputees 
have lost an upper limb. Upper limb loss in those 
aged 0-15 years is usually due to congenital deform-
ity or tumor, and in those aged 15 to 45 years to 
trauma or tumor. In those 60 or older, upper limb loss 
is extremely rare and is usually related to tumor or 
medical disease.  Only one upper limb prosthetic de-
vice is fit for every 30 lower limb prosthetics.  

When dealing with an upper extremity loss, give spe-
cial attention to altered body image. This is due to the 
diverse function of the upper extremity in communi-
cation and self presentation, as in a handshake, reach-
ing, holding, or grasping functions.  It is also much 
more difficult to disguise an upper extremity loss.

No single prosthesis will 
address the multiple deficits 
associated with upper ex-
tremity limb loss.  The av-
erage amputee with an up-
per extremity loss needs at 
least two devices that serve 
different functions. 

For the upper extremity 
prosthetic wearer, special 
consideration also needs to 
be given to the covering. 
Passive devices are not 
simply cosmetic; never use 
the word cosmesis when 
considering an upper ex-
tremity prosthesis. There 
are both active and passive 
functions for the upper ex-
tremity prosthesis. Active 

functions include grip, release, transfer or change; 
passive or non-manipulative acts include support, 
stabilization, push, pull, wedge and balance.  

LIVINGSKIN™ is characterized as a high-definition 
covering. Artisans custom-sculpt and paint the device 
using silicone in three separate layers, to imitate the 
three dermal layers. Covers can even include hair and 
nails. Seasonal color changes are made for people 
who tan easily, so their device will be color- matched 
to their sound side. There are Touch Life Centers in 
Atlanta, Boston, Chicago, Columbus, New York, 
Philadelphia and Toronto. The average time for the 
LIVINGSKIN™ process is about 8 to 16 weeks, 
from the start of the initial impressions to delivery. 
For patients who are unable to travel the prosthesis is 
delivered in 8-10 weeks to a local prosthetist, who 
then completes the color matching process.  

Touch Bionics iLimb hand prostheses
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Prodigits

Touch Bionics also gave a great educa-
tional session on partial hand ampu-
tees. Ms. Ebersbach noted difficulties 
in treating partial hand amputations 
prosthetically due to both functional 
limitations of prosthetic technology 
and unsatisfactory appearance.  Less 
than half of people with partial hand 
amputation population return to the 
same work, and a partial hand amputee 
often reports a higher level of disability 
than a major unilateral upper limb am-
putee.  

The prosthetic options for a partial hand amputee 
consist of a passive custom silicone restoration, oppo-
sition post, and electric digit compo-
nents. Passive custom devices lack 
active prehension (grasp).  Position 
posts lack most prehensive grasp pat-
terns and also sacrifice aesthetics. 
Now Touch Bionics is producing Pro-
Digits, the only electrical digital com-
ponent available.  

ProDigits is not yet commercially 
available and may be fitted only di-
rectly with Touch Bionics at this time. 
Each digit has a stand-alone function 
unit with a micromotor controlled by 
myoelectric signals or microswitches. 
There are different sizes to match missing or remain-
ing fingers and each mimics human motion. They can 
be aesthetically covered with skin such as the high 
definition LIVINGSKIN™, as well as standard flesh 
colored skin. Not all patients are appropriate for Pro-
Digit; the patient can have no finger remnants. The 

amputation must be at the 
metacarpal level or proximal 
for one or more digits. 

One of the most exciting products 
by Touch Bionics is the i-LIMB. 
It has received multiple awards. 
Candidates for i-LIMB hand are 
those with a wrist disarticulation, 
transradial amputation, elbow dis-
articulation, transhumeral and 
even shoulder disarticulation. 
They can have either a congenital 
or acquired limb loss but they do 
need to have normal cognitive 

ability and must understand that the i-LIMB is in-
tended only for mild to moderate activities. The i-

LIMB thumb can be controlled 
separately from the rest of the 
hand. This is done for several 
reasons: It allows the thumb to 
look more natural, it allows the 
user to rest the thumb in a posi-
tion that is less liable to getting 
caught, it can be used as a sepa-
rate precision grip, and it can be 
moved to aid glove removal or 
donning garments. 

Because of the small population 
of upper limb loss candidates, 
there are not currently sufficient 

data on long-term advantages for the i-LIMB.  Be-
cause this is such a new device without widely-
accepted treatment standards, the Life Care Planner 
will encounter significant issues in coding, billing and 
preauthorization. The i-LIMB hand comes with a 
one-year standard warranty covering defects in mate-

Table 1. Considerations in prosthesis 

selection

Amputation level
Residual limb contour
Expected prosthesis function 

Patient’s cognitive function 

Patient’s vocation 

	 (desk job vs. manual labor)
Patient’s avocational interests 
	 (hobbies, recreation)

Cosmetic importance 
Financial resources 
Patient’s motivation to utilize a 

selected prosthesis

Human-like grip with articulating   
   fingers results in improved grip 
   flexibility
Anatomical accuracy gives 
   psychological benefit
Stall detection allows wearer to 

   control each  finger individually
Less body posture compensation 

   compared to body-driven devices
User able to return to higher level of                    
function

Table 2. Benefits of  the i-Limb 
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rials and workmanship, actually 15 months from the 
date of invoice, to allow time for the prosthetist to fit 
the i-Limb. There are two long-term warranty plans 
available. The basic plan is $2800/year. The more 
advanced option is $4000/year, including such 
things such as software updates.   

Ossur Proprio foot

The imPRESS seminar concluded 
with Ian Fothergill of Ossur Ameri-
cas, who brought the Ossur Proprio 
foot.  The Proprio foot is the only 
prosthetic foot that uses motor 
power to replace lost plantar and 
dorsiflexion with a below-knee am-
putation. It includes a battery pack 
and motion sensors, software 
(called Terrain Logic), interface but-
tons, a vibration unit and a carbon 
composite flex-foot. The Proprio foot lifts the toe 
clear of obstacles during the swing gait phase and 
moves the ankle for optimized loading when stand-
ing. It gives an alarm when shoes have different heel 
heights. It maintains roll-over on slopes and helps 
balance and power. It positions the foot to allow im-
proved stair walking and move to a relaxed position 
in sitting.    

Why a special foot prosthesis?

A common complication for amputees is socket dis-
comfort and residual limb breakdown. Amputees 
also tend to overcompensate due to malalignment 
and there is increased impact-loading on the sound 
side. Using a prosthesis often means leg limb dis-
crepancy, so the prosthesis clears the floor when 
walking. Amputees walk slower in an attempt to re-
duce forces on the contralateral limb.  

Amputees can also have deconditioning, decreased 

balance, increased weight, exacerbation of underly-
ing medical condition, poor fit requiring socket re-
placement, and some need additional amputation. 
Today's foot technology, except for the Proprio foot, 
typically involves a fixed ankle foot prosthetic foot. 
Ankle motion is only possible with loading and it is 
designed for level ground walking only. It is similar 
to walking wearing a ski boot. The fixed ankle 

causes problems with hills, ramps 
or slopes. There is minimal toe 
clearance, toe contact reducing 
traction and knee hyperextension. 
There are balance issues which can 
compromise the wearer’s power 
and there is an asymmetry in the 
gait, which can cause high peak 
pressures in the socket.

The person wearing the Proprio 
foot can ascend ramps with a reduced risk of trip-
ping because initial contact is on the heel. Step 
length is normal and tibial progression is restored. 
There is reduced strain on the knee and a stable posi-
tion for push-off. An appropriate candidate for Pro-
prio foot weighs less than 255 pounds and has over 
7-1/2 inches of amputation clearance to make room 
for the motor. The candidate must not use the pros-
thesis for high impact activities and must be able to 
maintain a microprocessor device.  

There are additional considerations in determining 
whether or not the Proprio is appropriate for the am-
putee. The amputee’s balance and tripping history, 
breakdown injury to the contralateral limb, risks to 
the contralateral limb, and bilateral transtibial ampu-
tation are all important factors. 

Summary

Overall, the imPRESS seminar was extremely bene-

Ossur Prprio foot
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ficial to Nurse Life Care Planners.  Nurse Life Care 
Planners made contacts with people who are consid-
ered to be on the cutting edge in the field of orthotics 
and prosthetics. We also had the opportunity to meet 
and network with many independently owned or-
thotic and prosthetic (O&P) facility owners, and 

those involved in the licensing and credentialing for 
facilities and individuals.  There are plans to make 
this a yearly event and I highly recommend that any 
Nurse Life Care Planner follow Prime Care O&P 
and make plans to attend.     

Ꮬ

Research Abstracts from imPRESS conference

“Comparison of nonmicroprocessor knee mechanism versus C-Leg on Prosthesis Evaluation Question-
naire, stumbles, falls, walking tests, stair descent, and knee preference.” 
Kahle, J., Highsmith, M., & Hubbard, S. (2008). Journal of Rehabilitation Research and 
Development, 45(1), 1-14.  
Abstract 
This study compared subjects' performance with a nonmicroprocessor knee mechanism (NMKM) versus a C-
Leg on nine clinically repeatable evaluative measures. We recorded data on subjects' performance while they 
used an accommodated NMKM and, following a 90-day accommodation period, the C-Leg in a convenience 
sample of 19 transfemoral (TF) amputees (mean age 51 +/- 19) from an outpatient prosthetic clinic. We found 
that use of the C-Leg improved function in all outcomes: (1) Prosthesis Evaluation Questionnaire scores in-
creased 20% (p = 0.007), (2) stumbles decreased 59% (p = 0.006), (3) falls decreased 64% (p = 0.03), (4) 75 m 
self-selected walking speed on even terrain improved 15% (p = 0.03), (5) 75 m fastest possible walking speed 
(FPWS) on even terrain improved 12% (p = 0.005), (6) 38 m FPWS on uneven terrain improved 21% (p < 
0.001), (7) 6 m FPWS on even terrain improved 17% (p = 0.001), (8) Montreal Rehabilitation Performance 
Profile Performance Composite Scores for stair descent increased for 12 subjects, and (9) the C-Leg was pre-
ferred over the NMKM by 14 subjects. Four limited community ambulators (Medicare Functional Classifica-
tion Level [MFCL] K2) increased their ambulatory functional level to unlimited community ambulation 
(MFCL K3). Objective evaluative clinical measures are vital for justifying the medical necessity of knee 
mechanisms for TF amputees. Use of the C-Leg improves performance and quality of life and can increase 
MFCL and community ambulation level.

“Gait efficiency using the C-Leg.” Michael S Orendurff, Ava D Segal, Glenn K Klute, Martin L McDow-
ell, & et al. (2006). Journal of Rehabilitation Research and Development, 43(2), 239-46.  
Abstract 
Microprocessor-controlled prosthetic knees are claimed to improve gait efficiency in transfemoral (TF) ampu-
tees. This hypothesis was tested in a prospective randomized crossover trial that compared the Mauch SNS 
knee and the C-Leg microprocessor-controlled knee in eight TF amputees. The subjects were given a 3-month 
acclimation period in each knee. Then, their net oxygen cost (mL/kg/m) was measured while they walked over-
ground at four speeds in random order: 0.8 m/s, 1.0 m/s, 1.3 m/s, and self-selected walking speed (SSWS). The 
C-Leg caused small reductions in net oxygen cost that were not statistically significant compared with the 
Mauch SNS at any of the walking speeds (p > 0.190). Subjects chose higher SSWSs with the C-Leg compared 
with the Mauch SNS (mean ± standard deviation = 1.31 ± 0.12 m/s vs 1.21 ± 0.10 m/s, respectively, p = 0.046) 
but did not incur higher oxygen costs (p = 0.270), which suggests greater efficiency only at their SSWS.
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“Differences in function and safety between Medicare Functional Classification Level-2 and -3 trans-
femoral amputees and influence of prosthetic knee joint control.” 
Hafner, B., & Smith, D. (2009). Journal of Rehabilitation Research and Development, 46(3), 417-433.  
Abstract 
The functional differences between persons with amputation who are classified as Medicare Functional Classi-
fication Level (MFCL)-2 and -3 include the abilities to walk at various cadences and to negotiate environ-
mental barriers outside the home. This study compared the effect of active microprocessor control and passive 
mechanical control of the prosthetic knee on function and safety in 17 subjects with transfemoral amputation (8 
MFCL-2 and 9 MFCL-3). Assessed functional tasks included hill and stair descent, an attentional demand task, 
and an obstacle course. Self-reported measures included concentration, multitasking ability, and numbers of 
stumbles and falls. Active knee control was associated with significant improvements (p < 0.05) in hill and stair 
gait, speed (hills, obstacle course, and attentional demand task), and ability to multitask while walking for both 
cohorts. MFCL-2 subjects also reported a significant reduction (p < 0.01) in uncontrolled falls. Over the study, 
50% of MFCL-2 subjects and 33% of MFCL-3 subjects transitioned to a higher MFCL. Results suggest that 
active knee control improves function and reduces the frequency of adverse events in a population that is at risk 
for falls. Use of active knee control may allow persons with amputation to expand their functional domain, 
transition to a higher MFCL, and access additional prosthetic options

“Review of secondary physical conditions associated with lower-limb amputation and long-term prosthe-
sis use.” Gailey, R., Allen, K., Castles, J., Kucharik, J., & Roeder, M.. (2008). Journal of Rehabilitation 
Research and Development, 45(1), 15-29.  
Abstract  
Musculoskeletal imbalances or pathologies often develop into secondary physical conditions or complications 
that may affect the mobility and quality of life of people with lower-limb amputation. Using one or more pros-
theses causes people with amputation to alter the biomechanics of their movement. For example, people with 
lower-limb amputation often favor and stress their intact lower limb more during everyday activities. This can 
lead to degenerative changes such as osteoarthritis of the knee and/or hip joints of the intact limb. Since people 
with amputation spend less time on their residual limb, osteopenia and subsequent osteoporosis often occur 
secondary to insufficient loading through the long bones of the lower limb. A proper prosthetic fit increases the 
probability of equal force distribution across the intact and prosthetic limbs during ambulation, thus decreasing 
the risk of osteoarthritis. People with limb loss commonly complain of back pain, which is linked to poor pros-
thetic fit and alignment, postural changes, leg-length discrepancy, amputation level, and general decondition-
ing. We review the literature on secondary complications among people with lower-limb loss who are long-
term prosthesis wearers.
“Physical and functional measures related to low back pain in individuals with lower-limb amputation: 
An exploratory pilot study.”  Karen Friel, Elizabeth Domholdt, & Douglas G Smith. (2005). Journal of 
Rehabilitation Research and Development, 42(2), 155-66.
Abstract (Summary)
For this study, we compared the physical impairments and functional deficits of individuals with lower-limb 
amputation (LLA) for those with and without low back pain (LBP). Nineteen participants with LLA were 
placed into two groups based on visual analog scores of LBP. We assessed functional limitations, iliopsoas 
length, hamstring length, abdominal strength, back extensor strength, and back extensor endurance. Data analy-
sis included correlations and t-tests. We found significant correlations between pain score and functional limi-
tations, iliopsoas length, and back extensor endurance. We also detected significant differences in functional 



   W i n t e r  2 0 0 9!                                                                                               V o l .  I X  N o .  4               

A A N L C P  J o u r n a l  o f  N u r s e  L i f e  C a r e  P l a n n i n g                     I S S N  1 9 4 2 - 4 4 6 9   … .115

limitations, iliopsoas length, back extensor strength, and back extensor endurance between those with and 
without LBP. We saw significant differences in back extensor strength and back extensor endurance between 
those with transtibial and transfemoral amputations. Differences exist in physical measures of individuals with 
LLA with and without LBP. Clinicians should consider these impairments in individuals with amputation who 
experience LBP. Because of the participants' characteristics, these findings may be applicable to veterans with 
LLA.

“The influence of center of mass velocity redirection on mechanical and metabolic performance during 
walking.” Adamczyk, P. Ph.D. dissertation, University of Michigan, United States -- Michigan.  
Abstract 
The work the legs perform on the body center of mass (COM) is an important determinant of the metabolic cost 
of walking. Much COM work is performed to redirect the center of mass from a downward to an upward veloc-
ity during transitions between successive stance legs, termed step-to-step transitions. We elucidate the links be-
tween COM velocity fluctuation, COM work, and metabolic cost through several experimental manipulations 
of gait.
We show that foot length and foot bottom curvature affect COM work and metabolic cost in fixed-ankle walk-
ing. In dynamic walking models, longer feet lead to decreased work requirements for gait. We measured COM 
work and metabolic cost while subjects walked with locked ankles and artificial foot bottom shapes. COM 
work decreases with increasing foot length, because longer feet reduce the angular redirection of COM velocity 
during the step-to-step transition. Foot bottom curvature has no significant effect for humanlike foot sizes. In 
this range, COM work using arc shapes is less than for normal walking, though metabolic cost is higher. Meta-
bolic cost is minimized by feet having length 28% of leg length.
We also show that COM work for mechanically unconstrained walking depends on COM speed and angular 
redirection of COM velocity during the step-to-step transition. We measured variations in COM velocity while 
subjects walked at a wide range of speeds and step lengths. COM work scales quadratically with COM speed at 
heel strike times angular redirection of COM velocity. We introduce a sagittal plane plot of COM velocity tra-
jectory, called a hodograph, to visualize these variables and understand abnormal gait.
We use these hodographs to show that unilateral transtibial amputees walk asymmetrically with respect to sev-
eral kinetic variables of gait. Amputees exhibit higher mid-stance COM speed and weaker push-off on the pros-
thetic side, and more positive and negative step-to-step transition COM work on the intact side.
Finally, we introduce the Rock'N'Lock foot, a reconfigurable foot prosthesis that implements a rigid foot bot-
tom shape with the goal of reducing metabolic cost. In preliminary results this foot has cost equal to other pros-
theses', but forthcoming design improvements may lower the cost further.

“Summary and Recommendations of the Academy's State of the Science Conference on Upper Limb 
Prosthetic Outcome Measures.”  Miller, Laura A. PhD, CP; Swanson, Shawn OTR/L.  JPO Journal of 
Prosthetics and Orthotics, Issue: Volume 21(9) Supplement, October 2009, pp P83-P89
Abstract (Summary)
The Academy's Ninth State of the Science Conference included a group of engineers, prosthetists, and thera-
pists brought together to discuss upper limb prosthetic outcome measures. After a presentation of the evidence 
based review and discussions on the history of the field and the various perspectives from the various profes-
sions, the panel reviewed those outcome measures found to be recommended and those thought to be worth 
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consideration by the Evidence Based Review and the Upper Limb Prosthetics Outcome Measures Group. Out-
come measures with the potential to address certain research questions are identified.
Throughout the various discussions of the SSC group, a list was kept of commonly identified issues, questions, 
and missing links. From this list, the panel identified seven key research priority questions. These priority ques-
tions and items included in the discussions are presented.

“Measurement of Knee Center Alignment Trends in a National Sample of Established Users of the Otto 
Bock C-Leg Microprocessor-Controlled Knee Unit.”  Willingham, Laura L. BS; Buell, Noelle C. MSPT; 
Allyn, Kate J. LCPO, CPed; Hafner, Brian J. PhD; Smith, Douglas G. physician. JPO Journal of Pros-
thetics and Orthotics
Issue: Volume 16(3), July 2004, pp 72-75. 
Abstract (Summary)
Alignment practices for transfemoral prosthetic devices are greatly influenced by traditional clinical training 
that attempts to establish a stable and safe prosthetic limb. Prosthetic knee components vary in design, resis-
tance to buckling, and swing characteristics. Although different design characteristics lead to variations in the 
manufacturers' recommended position of the knee center for optimal alignment of the prosthetic limb, the tradi-
tionally recommended alignment is posterior to a vertical reference line.

New microprocessor knee units such as the Otto Bock C-Leg (Otto Bock Health Care North America, Minnea-
polis, MN) have advanced features designed to enhance stability and prevent buckling. Unlike traditional de-
signs, the recommended alignment for the C-Leg knee unit is 0 to 5 mm anterior to a vertical reference line. 
Adherence to this recommendation in clinical practice was investigated in a sample of current C-Leg users. The 
position of the knee center in both the coronal and sagittal planes was measured for 21 transfemoral C-Leg us-
ers attending a national amputee consumer conference. The results showed that the prosthetic limbs were 
aligned with the knee center 0 to 79 mm posterior to the reference line (mean, 39 mm). In conclusion, 20 of the 
21 devices were aligned posterior to the recommended alignment protocol.

“A New Externally Powered, Myoelectrically Controlled Prosthesis for Persons with Partial-Hand Am-
putations at the Metacarpals.” Weir, Richard F.ff. PhD; Grahn, Edward C. BSME; Duff, Stephen J. 
AASET.  JPO Journal of Prosthetics and Orthotics. Issue: Volume 13(2), June 2001, pp 26-31. 
Abstract (Summary)
A new externally powered, myoelectrically controlled partial-hand prosthesis mechanism and prosthetic inter-
face are described. There is a need for such a device in the fitting of amputees with a loss of all digits at or 
more proximal to the level of the metacarpals. In addition, preservation of the wrist motion for positioning of 
the hand mechanism is very important if maximum function and cosmesis are to be achieved. In an aestheti-
cally pleasing, self-contained partial-hand prosthesis, the only volume for the mechanism and for electronics is 
in the digits. To fit all the requisite mechanisms and electronics in this highly confined volume and still have 
reasonable performance is a very challenging design problem. An initial prototype transmetacarpal hand 
mechanism and its associated electronics and a prosthetic interface have been developed.
The hand has a width of opening of about 10 cm (or approximately 4 inches) and a speed of opening of ap-
proximately 2 radians/second (approximately 105[degrees]/second), with a pinch force of approximately 53 N 
(or about 12 poundsf). The weight of the mechanism alone is 145 g (0.32 pounds), and its length in the closed 
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position, from back plate to finger tip, is 85 mm (or 3.5 inches). The weight of the mechanism with battery and 
electronics is 210 g (0.46 pounds), and the total weight of the mechanism and current silicone interface is 425 g 
(0.937 pounds, i.e., less than 0.5 kg).

Lake, Chris BS, CPO, FAAOP. Experience With Electric Prostheses for the Partial Hand Presentation: 
An Eight-Year Retrospective. JPO Journal of Prosthetics and Orthotics. Issue: Volume 21(2), April 2009, 
pp 125-130.  
Abstract (Summary)
This article provides a review of progressive partial hand prosthetic management as presented at the University 
of New Brunswick Myoelectric Controls Symposium in August 2008. This unique patient population allows an 
opportunity for further research and testing of upper limb principles, both historic and new. The prosthetic field 
is at the beginning of a paradigm shift of our current thinking as it relates to the treatment of individuals with 
partial hand limb differences.

“A Comparison of the Effect of the Aesthetics of Digital Cosmetic Prostheses on Body Image and Well-
Being.”  Carroll, Aine M. MB, MRCP (UK); Fyfe, Neil FRCP, FRCS. 
JPO Journal of Prosthetics and Orthotics. Issue: Volume 16(2), April 2004, pp 66-68.  
Abstract (Summary)
The aims of this study were to investigate patient satisfaction with silicon and polyvinylchloride (PVC) digital 
prostheses, and to examine the relationship between subjective body image and emotional status. Subjects in-
cluded all patients with digital or partial hand amputation (n = 17) in the database of the Disablement Services 
Centre at Freeman Hospital, Newcastle-upon-Tyne, England, United Kingdom. A database analysis identified 
the subjects. Their records were analyzed, demographic details extracted, and the method of injury docu-
mented, and individuals were divided into two groups, according to the type of prosthesis with which they had 
been provided. A postal survey was conducted comprising the Attitude to Artificial Limbs Questionnaire 
(AALQ), the adapted Body Image Questionnaire (BIQ), and the Hospital Anxiety and Depression (HAD) scale. 
The results were then subjected to statistical analysis. In the AALQ, a comparison of the means showed lower 
scores in the PVC group (p = 0.579). In the BIQ, there was little difference between the means (p = 0.665). In 
the HAD, the mean scores for anxiety and depression were lower in the silicon group (p =
0.109 and p = 0.009, respectively). Conclusions were: 1) most digital amputations are performed in males after 
industrial injuries; 2) patients with silicon digital prostheses clinically have a better attitude toward their pros-
theses; 3) there was little difference in body image; 4) patients with silicon digital prostheses experienced less 
anxiety and depression, but only depression was statistically significant. These results suggest that enhanced 
cosmesis implies greater psychological well-being independently of body image. Enhanced cosmesis also 
raises the importance of clinical significance over statistical significance, especially in small studies.	
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