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Are We Really Just Gnomes in the Basement?

O

ne of the wonderful things I have been able to do
since being elected president of the Academy is
participate in a variety of meetings that I or even
we (as a profession) would normally not be invited
to attend. The most notable of these events was the Keck Foundation conference on “Smart Prosthetics” (www.keckfutures.
org/prosthetics). It seems a bit strange, but of the 160 guests,
there were only two clinical prosthetists in attendance. The
remainder of the attendees were tissue, electrical, or mechanical engineers; biomechanists; physicians; robotics specialists;
brain or neural researchers; and even nuclear scientists. What
did we talk about? Well...we talked about the future of prosthetics, brain interfaces, neural feedback mechanisms, brain
implants, etc. Throughout the conference I was consumed by
the idea that I was attending a conference on prosthetics supported by the National Institutes of Health (NIH), Institute of
Medicine (IOM), and the National Academy of Engineering
(NAE), and I was one of only two people who actually practiced the profession of “prosthetics.”

“If we design the ultimate prosthetic device, are the
gnomes in the basement going to have the education and
knowledge to provide and fit these devices to patients?”
And then it happened—the reason I was only one of
two prosthetists at this event became clear. A noteworthy
and impressive MD, PhD, who spent a good portion of his
career studying the engineering of the upper extremity,
turned to me and said, “If we design the ultimate prosthetic
device, are the gnomes in the basement going to have the
education and knowledge to provide and fit these devices to
patients?” There it was. I flashed to those kitschy holiday
cards I had seen advertised for years showing Santa’s elves
fabricating prostheses and orthoses to be sent to needy
children everywhere. Surely he couldn’t be talking about us.
Unfortunately, the question was a valid one.
The same thing happened while I was in Washington DC
two weeks later. While planning a specialty program in pros
thetic care in rehabilitation centers, I—the lone prosthetist—
was regarded with strange looks and concern when I dared to
suggest that prosthetists must be formally considered part of
the rehabilitation team. “Do you realize that you would have
to formally evaluate patients who may not be candidates for
prostheses?” was the response from the organizers.
Does everyone outside our small but essential world think
of us as “gnomes in the basement”? Why would they think
Supplement of The O&P EDGE

that? Well let’s see. Perhaps it
starts with our classification
and cohabitation with durable
medical equipment (DME) in
the insurance world. Next, it
goes to our lack of recognition
as a licensed profession by many
states. Or maybe it’s a certifica
tion body that takes experience as
appropriate training and a video Gary M. Berke, MS, CP, FAAOP
tape as evidence of our ability to
2006–07 President
do no harm. Or it may even be
our lack of quality research demonstrating that what we do is
valuable and necessary...
Are you angry yet?
Maybe we are “gnomes in the basement,” and that is where
we should stay, making our arms and legs, being told by others
what parts to put on and what plastics to use. Perhaps that is
ok….Yet, I don’t buy it.
We have a problem, and part of the problem is how
we are perceived by the rest of the scientific, medical, and
professional communities. It is easy to say, “Who cares what
they think?” And you’re right…to a point. However, they are
the ones making the rules, and they are the ones paying for our
services, and they are the ones who think they can do it better.
The problem really is ours. We are the only ones who can fix
it, and we need to do everything we can to do so.
As I conclude my year as president of the Academy, I am
proud to say that we have focused on laying the foundation
for setting the record straight. We have worked hard to create
a new public relations packet and brochure. These packets
clearly outline our profession and the rewards of becoming an
orthotist or prosthetist.
The Academy, through its grant from the U.S. Department
of Education, recently distributed nearly ten thousand copies
of its new DVD, The Sky’s the Limit, and the public relations
packet to ABC-certified practitioners for use in promoting the
O&P profession.
The efforts of the Academy go way beyond this, however.
From the activities of the research council in bringing
evidence-based practice to the forefront of our profession
to the expansion of our educational opportunities and our
membership directory, as well as the expansion of our presence
in Washington DC, through the Alliance and the Professional
Issues Council, are all geared toward getting us out of the
basement and into the limelight.
Visit www.oandp.org and see what else the Academy is
doing for you.
June 2007 ■ The Academy TODAY A-3
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Case Study

‘Nub Caps’ Socketless
Residual-Limb Protection

for a Two-Year-Old Patient with Bilateral
Knee Disarticulation Amputations

■■ Jonathan D. Day, CPO, LPO
■■ Jennifer Block, orthotic resident

Abstract

This case study shows one method to provide convenient, durable,
low-cost residual-limb protectors suitable for indoor and limited
outdoor ambulation for the bilateral pediatric knee-disarticulation patient. Background: Pediatric amputees are often reluctant
to use prostheses within the household environment. In particular, children with bilateral knee disarticulations can ambulate
easily on their residual limbs with minimal energy expenditure.
The main consideration in this circumstance becomes protecting the skin over the distal ends of the femurs, which can suffer
bruising and abrasions from household surfaces such as carpet and tile. Case Study and Methods: A two-year-old child with
bilateral knee disarticulations was provided with off-the-shelf
gel liners from Össur, Aliso Viejo, California, which were further modified through the application of leather and cork soling
over the manufacturer’s silicone end caps, for indoor and limited outdoor ambulation. Discussion: The “nub caps” described
in this case study are suitable for unlimited indoor use by pediatric amputees with bilateral knee disarticulations. The caps
have proven to be durable, easy to don, and well accepted by
the patient and family. This system allows for protection of the
residual limbs as well as reduced energy expenditure, improved
proprioception, and spontaneity in initiating ambulation for the
patient when compared to bilateral prostheses. In addition, suspension is easily maintained by the gel liner itself, so the patient
is unencumbered by auxiliary suspension.

Background
Children with congenital amputations, or those who receive
amputations early in life, often find themselves encumbered
by prostheses, particularly within the household. Lower-limb
prosthetic management for young children is demanding for
parents and caregivers. Donning the prostheses can require
an interruption in activities, and the prostheses themselves
can induce undesirable gait deviations such as circumduction
and excessive posterior pelvic tilt.1 Suspension is challenging
Supplement of The O&P EDGE

Figure 1

with young children, as their
limbs often lack the size and
anatomical maturity which
aid in keeping lower-limb
prostheses suspended and
free from excessive rotation.
Feedback from parents of
children with bilateral knee
disarticulations indicates that
there is a need for limb protectors for indoor use that are
durable, convenient to use,
and affordable.

Case Study

Figure 2

This case study outlines the treatment of a two-year-old child
who received bilateral knee disarticulation amputations at
the age of eight months secondary to complete longitudinal
deficiency of both tibias (figure 1). The patient was fit with
bilateral prostheses without knees at one year of age (figure
2) after demonstrating the ability to pull up to stand. The patient was capable of ambulating in the prostheses.2 However,
within the household, the child was quite adept at ambulating
without prostheses, which allowed for spontaneity in initiating ambulation and improved feedback from the environment.
As the subject’s activity level increased, concern developed
June 2007 ■ The Academy TODAY A-5

over the skin integrity of the residual limbs. An alternative to
the prostheses was sought which would be conforming, protective, durable, and easy to manage. The solution also needed
to be easily available off-the-shelf at a reasonable cost in case
funding issues arose with the insurance provider.

Methods
The patient was first provided with Alpha® liners from Ohio
Willow Wood, Mt. Sterling, Ohio, with a variety of cork and
crepe sole materials affixed to the distal end for reinforcement
(figure 3). The patient was able to ambulate in these; however,
problems developed after only a few weeks of use. The stock
liners were not available in an appropriate size, which led to
gapping between the distal end of the limb and the liner (figure 4). This caused undue wear to the liner and increased the
likelihood of skin complications for the patient (figure 5). In
addition, no secure method of attaching soling material to the
fabric cover of the liner was achieved, despite consultation with
Ohio Willow Wood. The decision was then made to use Össur’s
Iceross® Dermo cushion gel liners, which have an integrated
endcap made of a resilient silicone material. No modifications
were initially made. These liners proved durable enough to
withstand three months of indoor use with no appreciable wear.
In addition, a second set of liners was provided, which had been
modified with a leather cap affixed to the manufacturer’s endcap with silicone epoxy. Cork was then adhered to the leather
using contact cement to create a sole (figure 6). These liners
were provided for limited outdoor use and have also proven to
be durable in the three months since they were furnished.

Discussion
Complete longitudinal deficiency of the tibia is a rare anomaly, occurring in approximately one in one million live births.3
This condition results in severe equinovarus deformity and
is usually treated with amputation at the knee disarticulation
level.4 Toddlers with bilateral knee disarticulations are capa-

Figure 4

Figure 3

ble of efficient, rapid,
and spontaneous ambulation without prostheses, as the base of
the femoral condyle is
designed for skeletal
loading.5 While pediatric bilateral knee
disarticulation amputees are a small part of Figure 6
most prosthetists’ patient population, their needs are unique
and require creative solutions. Typical prostheses, with their
accompanying socks, liners, and suspension belts, are cumbersome and often unnecessary in the household environment.
The limb protectors described in this study represent an “offlabel” use for a widely available stock item and can be easily
obtained and modified by most prosthetic facilities.
Residual-limb protectors may be of value to other amputee
populations. Many pediatric and adult prosthetic patients enjoy
swimming with their friends and family but are concerned
about abrading their residual limbs on the pool or surrounding
concrete. Others prefer to keep their residual limbs covered in
public places. Patients who have suffered a Syme or long endbearing transtibial amputation may be able to utilize a similar
system for swimming and outdoor activities.
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Figure 5
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Editorial

Experiences

with Negative-Pressure

A Practitioner’s Perspective

Socket Design
■■ Stan Patterson, CP

I

t is easy to understand how utilizing elevated negativepressure technology in transfemoral (TF) socket designs
can provide numerous benefits to patients. This trend
should carry forward into the future as this technique
continues to gain momentum as a viable fitting solution. Due
to the absence of bony prominences as compared to transtibial patients, and because of the surface area and the average
amount of tissue of a transfemoral residual limb that can be
placed under vacuum, this design is one I believe will change
how we fit and design transfemoral sockets.
As advancements in TF components continue to evolve,
it is important to ensure that the most basic—yet critical—
necessities for our patients are not overlooked. Those
necessities include a properly fitting socket that is suspended
so it provides and promotes healthier skin, a more secure fit,
increased proprioception, and ultimately increased patient
compliance. All of these variables must be realized in order
to achieve maximum outcomes. By encompassing elevated
negative pressure into TF socket designs, I believe we can
meet and/or exceed these expectations.
With the Information Age upon us, we must realize
patients are more knowledgeable, involved, and, at times,
more demanding in the care they receive. As a result of
the “informed” consumer, we as practitioners must not be
oblivious to these wants, desires, and even demands our
patients are making of us with regard to their socket designs,
even if that means acknowledging the shortcomings of our
existing sockets.
Elevated vacuum technology was first introduced to the
field in the late 1990s by Carl Caspers, CPO, a transtibial (TT)
amputee. His research developed a means of securing the limb
in a socket utilizing elevated negative pressure while at the
same time controlling as many forces as possible. In 2001,
once positive results were achieved through the use of this
technology in TT sockets, we chose to explore the possibility
of achieving those same results with TF sockets. During the
initial stages, we understood conceptually the benefits of
utilizing elevated negative pressure in a TF socket, but we
Supplement of The O&P EDGE

Figure 1: Residual limb, 14 weeks post op.

did not foresee the swiftness with which the patient would
experience the benefits and practicality of it.
We asked our TF patients what the major differences
were between their past design and the design using elevated
negative pressure, and remarkably all of their responses were
similar. The patients stated increased proprioception, decrease
in volume fluctuations, increased activity level, lower trim
lines, greater range of motion, reduced perspiration, lighter
weight, and healthier skin. As with all systems, there are some
adverse effects, and with elevated negative pressure those
include increased donning time, utilization of a lubrication
barrier, and rapid permanent volume reduction until the limb
maturates, especially when taken out of pin systems. Hopefully,
in the near future, these outcomes can be scientifically verified
June 2007 ■ The Academy TODAY A-7

through non-bias studies in order to produce true clinical
results. I assume this is a difficult task because of the limited
profitability in socket design versus the high profitability of
componentry, which is where the majority of research dollars
tend to flow. For the purposes of this article, we can only base
our findings on practical outcomes experienced in our facility
and others currently utilizing this technology.

Improved Proprioception
The first thing that wearers of a vacuum system notice is that
their residual limb feels more securely attached. What a prosthetist calls improved proprioception, an amputee perceives
as the prosthesis feeling more like a part of them. There is
less pistoning, less apparent weight of the prosthesis, and the
amputee is better able to control the prosthesis, resulting in
increased stability and gait control. Activities that require fine
motor skills, like operating the clutch or gas pedal on a car, are
accomplished with greater finesse.

Decreased Volume Fluctuation/Increased Activity

Patients have long complained of volume fluctuation issues
with their socket systems. The socket would fit securely in
the morning, and by the afternoon it would feel loose and out

of control. I feel this is a result of pressure being placed on
the tissue and thus forcing the fluid out of the region, which
results in volume loss and an ill-fitting socket. I like to explain it to my patients with this scenario: If an ACE® bandage
were wrapped around your forearm with moderate tension
applied and you took measurements before wrapping and one
hour after wrapping, you would expect to see smaller measurements after the elapsed time. We can rule out atrophy as
the cause since it is impossible for this to occur in such a
short amount of time. I think it is safe to assume that what
we are seeing is displacement of the fluid to a different area.
The same thing happens when moderate tension levels are
placed on the tissue of a residual limb. Over time the volume
fluctuates and causes gapping in the socket. Patients are then
required to maintain proper fit throughout the day by adding socks to chase the proper fit. When utilizing an elevated
vacuum suspension system, you are expanding the tissue versus compressing it in order to maintain suspension and fit;
therefore, the reduction does not take place during the day (in
a well maturated limb). This allows the system to control the
fluctuations rather than the amputee, thus allowing the patient
to increase his/her activity level because he/she is no longer
inhibited by volume loss.

Figure 2: Wound shown prior to vacuum socket.
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Lower Trim Lines/
Greater ROM
By utilizing elevated neg
ative pressure around the
distal two-thirds of the
limb, the socket is no longer overly compressed
in the proximal region.
The simplest way of explaining the vacuum on
the distal two-thirds is to
imagine a water balloon
wrapped in a sock (to act
as a wick) and placed in
a sealed container. Then,
with a vacuum pump,
evacuate the air from the
container, and the water
balloon would expand to
fit the container. As long
as vacuum was maintained in the container,
the balloon’s shape would
not change. As a result of
less compression, there is Figure 3: Wound shown one week after wearing vacuum socket.
no longer a need for deep
undercuts or underbellies in this area, thus allowing lower have been some manufacturers that offer speculations about
trim lines on the socket. The surface area being placed under liners, oxygen, and their combined effect on perspiration, and
vacuum allows the trim lines in the posterior, anterior, and I have read a few studies on perspiration, but they don’t adthe majority of the time in the medial portion of the socket dress many of the uncontrolled variables such as socket fit,
to be lowered. In our practice, the average socket is one or an individual’s reaction to heat, longevity of the study, and
more inches below the ischium in the posterior aspect. We climate. The bottom line is I don’t think there is enough inhave taken long-time wearers of ischial containment (IC) formation to form a logical conclusion at this time as to why
sockets (20 years or more) out of their designs and into el- there seems to be a reduction of perspiration in TF patients,
evated vacuum with outstanding results. The amputees are but I can report that from our practice in Orlando, Florida, this
not only benefiting during ambulation but also when they are seems to be the case.
Although manufacturers have made tremendous progress
sedentary. While seated, they are no longer sitting on their
sockets but rather on their glutes. Their range of motion is in the advancement of componentry and continue to push the
greater because they are no longer being adversely or need- envelope in this regard, the socket interface that allows these
lessly contained. One unforeseen benefit has been for the components to function and perform at their peak must be taken
many amputee golfers. With the vacuum systems and lower into consideration. The best and most expensive componentry
trim lines, these patients are able to have more freedom in means nothing if comfort and proper function is not achieved
their swing since they are no longer being inhibited in the in the socket. With improved comfort and a more secure fit in
the socket, the improved componentry will allow amputees
proximal region by their socket.
to fully utilize all aspects of the prosthesis and, in turn, reach
their full potential and live increasingly active lives. Issues in
Reduced perspiration is an outcome quite frankly, I don’t socket design must continuously be addressed and improved
completely understand. The majority of our TF patients report upon, and it is imperative that the knowledge be shared among
reduced perspiration, while our TT patients don’t seem to have the clinical community for the betterment of the patient and
as positive an outcome in the reduction of perspiration. There ultimately the field.

Reduced Perspiration

Supplement of The O&P EDGE
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Sponsor’s Educational Editorial

A Comparison of Different Prosthetic Knee Joints
during Step-over-Stair Descent
■■ T. Schmalz, PhD

Introduction
Advances in modern modular prosthetic techniques have made
it possible for prosthetists to better meet the individual needs of
amputees. But even higher demands are made on the prosthetic
joint when the amputee has to move over uneven ground, on
sloped surfaces, or on stairs—all of which are common daily
activities. Special systems with stance-phase resistance are well
suited for these situations.
With the aid of the Otto Bock C-Leg® microprocessorcontrolled knee, the demands placed on the amputee to control
the knee joint have been substantially reduced. Sensors in this
joint provide information concerning the immediate movement
status. Indeed, the safety and comfort for an overwhelming
majority of fittings has so clearly increased for patients with
both lower and higher functional demands, that its importance
is clearly relevant.
There currently exist several studies that compare the
characteristics of the C-Leg with non-electronically controlled
hydraulic knee systems while walking on even ground. These
studies report improved swing-phase characteristics6 as well as
a decrease in the metabolic rate7 while using the C-Leg. Prior
to this study, there had been no known studies that considered
whether the concept of electronic control is also advantageous
when applied to common situations that require higher
demands on the movement apparatus as opposed to normal
walking. With this in mind, the goals of this study were to
provide biomechanical analysis of stair descent by transfemoral
amputees and to compare the C-Leg with non-electronically
controlled hydraulic knee joints.

Methods
In order to analyze step-over-step stair descent, test stairs made
with two steps (DIN-Norm 17.5cm) were installed in a gait
laboratory. The first step was solidly anchored to a force measurement plate (Kistler, Kistler AG, Winterthur, Switzerland,
400hz) so that ground-reaction force could be measured.
Twelve transfemoral amputees took part in the study. The
C-Leg, as well as two single-axis hydraulic systems, the 3C1
(Otto Bock, Mauch hydraulic) and the 3R80 (Otto Bock, rotary
hydraulic), all make stair descent possible. A Dynamic-plus
foot (1D25, Otto Bock) was used in all tests. As a control group,
21 healthy people, with no known orthopedic or neurological
diseases, were tested.
In the first round of testing, the prosthetic leg came in contact
with the middle step mounted on the pressure measurement plate.
In the second round of testing, the test began with the alternating
foot starting so that the contralateral leg could be measured when
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it came in contact with the step. From these measurements, the
vertical and horizontal components of the ground reaction force as
well as the sagittal knee angle were then evaluated.

Results
Subjective Ranking
After the tests were completed, the patients were asked to rank
each of the three joints while descending stairs with a simple
ranking system. For descending stairs, the C-Leg was judged to
be most comfortable by all 12 amputees. For the 3R80, nine of
the patients chose it as second best, and three chose it as third
best, while ranking the 3C1 inversely to the 3R80.

Ground Reaction Force
The vertical force showed two prominent peaks in contrast to
the interim unloading phase. The norm of the peaks when compared to those from walking on even ground, however, were
lower, and were barely over 100 percent of body weight. The
horizontal force showed a typical gait transition from a braking
to an acceleration phase. Here the braking as well as the accelerating peaks were significantly reduced when compared to the
peaks shown during walking on even ground.
The data for transfemoral amputees descending stairs,
however, exhibited typical differences. Vertical forces measured
on the prosthetic side were significantly reduced compared to
those of a normal gait. Significant here was the quick unloading
of the limb in the second part of the stance phase. When the
joints were compared alongside each other, it was clear that
this effect was considerably lessened with the C-Leg and that
the unloading phase of the prosthesis that followed was more
physiological than it was with the conventional hydraulic
system. Another picture presented itself, however, when the
contralateral leg was considered. Here the vertical force for both
loading phases was measured for the amputees with an increase
of up to 60 percent. It became apparent that the unphysiological
increase of forces generated when the C-Leg was used was
substantially less than when the 3C1 or 3R80 were used.

Biomechanical Characteristics of the Knee Joints
During stair descent, the prosthetic knee joint showed knee
movement, which was qualitatively similar to natural movement.
In doing this, the prosthetic knee joint stayed extended somewhat
longer after the beginning of stance phase. In the second part of
the support phase, the natural knee bent about ten degrees more
than a prosthetic knee joint. The torque moments exhibited exceptions as well. After the support phase began, a longer extension
moment was measured with the 3R80 than with the 3C1 or the
Supplement of The O&P EDGE

C-Leg. In the second half of the support phase, the 3C1 and 3R80
reached about 0.7Nm/Kg—only about half of the flexion moment of a healthy subject. The knee joint of the C-Leg, on the
other hand, was loaded with about 1Nm/Kg, a markedly closer
approximation to that of the loading characteristics of a healthy
subject. The knee angle characteristics of the contralateral leg of
an amputee showed typical differences from the characteristics
of a healthy subject. Immediately after the support phase began,
a noticeable flexion angle was initiated, which continued into the
middle of the support phase and then transitioned into the direction of extension. From this we saw a strong flexion moment with
a distinct localized extreme value even in the early part of the
support phase. By comparing the joints, it became clear that the
abnormal initial knee flexion during testing with the C-Leg was
markedly less than those tested with the 3R80 and 3C1.

Biomechanical Characteristics of the Hip Joint
The loading of the hip joint in healthy individuals in the first
half of the stance phase was distinguished by an external flexion
moment. After about half of the contact time with the step, this
effect reversed itself and registered an extension moment. Substantially higher flexion moments were measured at the beginning of stair contact during stair descents by amputees than by
the control group. In this situation, the 3R80 had a 100 percent
increase, as opposed to the C-Leg and 3C1, where the increase
was substantially less.
In the second half of the support phase, the results of the
3C1 and 3R80 became more similar. With both joints, after they
had reached 85 percent of the stair contact period, the effect of
the torque moment reversed itself. During use with the C-Leg,
however, a structure was registered in the second half of the
stance phase, which most closely approximated the structure of
a healthy person.

Discussion
The measurement results of the control group showed qualitative agreement of biomechanical characteristics when compared
with previous tests of healthy individuals in which the measurement step was positioned in the middle of several steps.1,3 Thus
one can assume that the characteristics of step-over-step stair
descent for transfemoral amputees that have been investigated
here have been well described both qualitatively and quantitatively. The measured joint angle and moments reflect not only
the functional principles but also the effectiveness of the tested
knee/joint systems.
The 3R80 differentiated itself from the 3C1 and C-Leg
during activation of the hydraulic stance phase yielding. The
fluid-controlled stance phase yielding of the 3R80 was only
effective when the joint was loaded beyond its individual stance
sensitivity engagement setting.2 The amputee caused this to
happen during step-over-step stair descent with an increased
activity of the hip extensors immediately after initiating stair
contact. Further testing during the stance phase has shown the
special capabilities of the C-Leg’s electronically controlled
stance-phase dampening. Compared with the 3R80 and 3C1,
the C-Leg hydraulics can compensate for significantly stronger
Supplement of The O&P EDGE

external flexion moments at the knee joint and more closely
approximate the physiological loading situation of a sound
knee. The characteristics of the knee and hip joints related
to the prosthetic side have consequences for the next stair
contact by the contralateral side. Deviating from approximately
symmetrical stair descent by non-amputees, the transfemoral
amputee “falls” onto the sound leg, where the considerably
increased initial peaks of vertical force are markedly apparent.
This unphysiological loading had a striking effect on the
biomechanical characteristics of the anatomical knee joint. The
initially large flexion moment could only be compensated for by
an increased activation of the knee joint extensor muscles and an
increased strain on the capsule and ligament structures. Further
clues concerning these compensatory effects may be revealed
in further studies. Overloading of the contralateral extremity
was measurable with all three tested joints but was proven to
be noticeably less with use of the C-Leg. It can be derived from
these results that for amputees, the secure functional properties5
and joint characteristics of the C-Leg contribute to the protection
of the sound limb.
For more information, contact T. Schmalz, PhD, Otto Bock Research and Development,
Biomechanics Laboratory, Hermann-Rein Str. 2a, 37075 Göttingen, Germany.
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Evidence-Based Practice and Amputee Rehabilitation
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Introduction
Major limb amputation has an impact on nearly every aspect of
an individual’s life, from his or her physical ability to perform
vocational and recreational activities to psychological well-being.
To enhance or restore these essential facets of an individual’s life,
the clinician must temper the patient’s expectations with reality
by striking an appropriate balance between the individual’s physical and cognitive capabilities and available prosthetic technology.
The last decade has seen tremendous advances on both ends of the
scale. Patient awareness, facilitated by the Internet, has kept pace
with advances in rehabilitation and prosthetic technology, placing
an even greater burden on the prosthetist to be informed, trained,
and immediately able to apply (or reject) new technologies purported to benefit the amputee. Evidence-based clinical practice is
important, as is its integration into the resources available to practitioners to enhance the physical and psychological well-being of
amputees. However, the Internet can be a “double-edged sword,”
not only for the patient but also for the practitioner. Appropriate
information review can aid in optimizing rehabilitation.

General Approach to the Amputee’s Rehabilitation
Every day, prosthetic practitioners are faced with a decision
about what components and socket design should or could be
used on an amputee to enhance his or her full potential for rehabilitation. Practitioners go through a list of questions regarding patient information, such as vocational and recreational activities, functional and cognitive characteristics, and intrinsic and
extrinsic factors that could influence prosthetic usage and care.
Simply stated, it is identifying the problem, gathering evidence
appropriate to solving the problem, and then developing the best
solution for the patient. While this approach is common, many
practitioners are finding their prior personal experience is insufficient to develop the best solution, and that a better approach
includes using clinical research. This approach is known as “evidence-based practice.”

Evidence-Based Practice
Evidence-based practice, also known as evidence-based medicine
(EBM) or evidence-based research, emerged in the early 1990s
when investigators from McMaster University, Hamilton, Ontario,
Canada, began using the term. They defined EBM as “a systematic
approach to analyze published research as the basis of clinical decision making.”1 However, identification and use of research findings does not necessarily improve clinical practice. Research data
can be distorted in the design and reporting of the experiments or
by technical and commercial bias. To address this issue, Sacket et
al. further defined the term in 1996 by stating EBM is “the conscientious and judicious use of current best evidence from clinical
care research in the management of individual patients.”2 Sacket’s
definition places the onus of ethical responsibility on the practitioner to evaluate and understand evidence before accepting it as a
possible solution. Another source for ethical responsibility should
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come from the patient, as each individual has a certain value system, and it should be a part of the overall decision.
To understand the process more thoroughly, consider the
formulation of clinical questions. The practitioner has to understand
the diagnoses of the patient and what intervention may be required,
evaluate any comparison of prior patients, and understand the
outcome the patient and practitioner desire. An example of this
could include the following questions for a 50-year-old diabetic
patient who recently lost his leg due to vascular inefficiency.
1. What is the possibility of the patient having a breakdown on the non-involved side?
Is there evidence to suggest patient education on preventative foot care for persons with diabetes can be effective
in preventing a second limb amputation? Is there evidence
to suggest specific footwear can be effective in lowering
the risk of foot injuries or lesions and hence lowering the
long-term incidence of amputation?
2. What other co-morbidities does the patient have, and
how would they affect rehabilitation?
Is there evidence to suggest a particular approach to physical therapy would accelerate a return to independent living following amputation? Is there evidence to indicate
certain therapies should be avoided due to associated
co-morbidities?
3. What type of foot would give the patient the best capability for mobility?
Is there evidence to suggest prescription of a particular
prosthetic foot, as it might transition the patient from
household to community ambulation?
With the rapid pace of technology innovation in prosthetic
devices and the varying approaches to therapy, the prior personal
experience of the practitioner may be insufficient to optimize
the patient’s rehabilitation. Appropriate use of clinical research
resources can help, but an important first step is to identify specific
information and appropriate evidence that will narrow the possible
solutions to the clinical problem.2
The next step for the practitioner is to locate the best evidence
available for the specific clinical questions. For most practitioners,
textbooks, libraries, and the Internet, combined with their exper
ience, have become very valuable resources.

Textbooks to Internet
While textbooks can be an excellent starting point when searching
for evidence, the material can be outdated even before it has been
released for print, unless the particular information or content
does not change; e.g., the anatomy of the foot. Most professionals
receive journals, but only the best libraries have them all completely up to date. Fortunately, the Internet has become a valuable
resource, giving the practitioner access to thousands of journals3,4
and textbooks5 instead of just a few. If the intent is to find up-todate evidence, the Internet is certainly an appropriate tool.
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The Internet provides access to a wealth of resources such
as virtual libraries and databases, allowing for the dissemination
and retrieval of evidence and electronic communities to aid in
networking and collaboration. Computer technology is broadening
choices for the mode of delivery, content, and access because
information can be stored and transmitted anywhere.6 Use of
the Internet facilitates access to all citizens a reasonable level of
healthcare and promotes the efficiency of the healthcare system.7
However, the practitioner and patient must be careful with an
overabundance of “unfiltered” data because evidence and data
alone do not immediately translate into evidence-based practice.
Some would argue that the Internet is becoming a commodity that
steals the practitioner’s control, knowledge, and skill8 in assisting
the amputee because of the misinformation presented on certain
websites. One method of evaluating information content can be
summarized by the acronym “PP-ICONS.”9
1. Problem: The clinical question.
2. Patient: Is the study group similar to your patient?
3. Intervention: Treatment.
4. Comparison: What is it being tested against?
5. Outcome: What are the results of the study?
6. Number of Subjects: Does it have enough subjects or
power to make an analysis?
7. Statistics: Few in number and easy to understand.
By using the simple PP-ICONS method, the practitioner may
comprehend the relevance or clinical importance of available
information and use it to make a clinically sound judgment for
the amputee.
Practitioners looking for a specific research article are finding
several journals that relate to orthotics and prosthetics. Several
hundred journals can be found on websites such as PubMed3
or OVID,4 and most of these journal articles provide enough
information to determine the validity and relevance of the findings.
Examples include the American Journal of Physical Medicine &
Rehabilitation (AAPMR), Clinics in Prosthetics and Orthotics,
Journal of Biomechanical Engineering (JBE), and the Journal
of Prosthetics and Orthotics (JPO), among others. Practitioners
and amputees alike are using the Internet to assimilate a problemcentered learning area and directly address the life experiences of
the practitioners and amputees.10
Wholesalers and manufacturers of prosthetic and orthotic
devices are also using the Internet—not only for information
about their specific products but also for online distance learning
targeted at practitioners. Össur, headquartered in Reykjavik,
Iceland, claims to be “the first manufacturer to provide the
industry in North America with an online continuing education
program.”11 Össur’s website includes continuing education credits
for the practitioner and the end user (the amputee) who can take
the same course and receive the same information. This approach
of disseminating of information has heralded a new era. Still,
patients and practitioners alike must learn to examine information
for bias and other limitations related to information quality.12

Research
Research has become the highest priority for the prosthetic industry
due to the advancements of the prosthetic devices developed in the
last decade. Third-party payers are becoming more reluctant to reimburse for these new devices because of the lack of “evidence” that
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proves the devices do indeed enhance the capability or function of
the amputee. According to the Code of Ethics for the Prosthetist,13
practitioners “provide competent services and shall use all efforts to
meet the patient’s prosthetic requirements. Upon accepting an individual for prosthetic services, the prosthetist shall assume the responsibility for evaluating that individual; planning, implementing, and
supervising the patient; reevaluating and changing the program.”13
If practitioners cannot prove to the payers that these new devices are
not “experimental,” then reimbursement from these companies will
become even more difficult. The only way this problem can be eliminated is through research, particularly evidence-based research.

Conclusions
Evidence-based practice can play an important role in optimizing
the rehabilitation of the amputee, but it comes with two important
caveats: no clinical research is ever perfect, and both the practitioner and the patient must learn to evaluate the quality of information. The tools and information are readily available; it is the
practitioner who adds value through appropriate use.
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Grant Update

Advancing O&P Education

E

arlier this year, O&P educators met to assist the
National Commission on Orthotic and Prosthetic
Education (NCOPE) with the development of a new
master’s curriculum guide. Some unresolved issues
from the previous meetings remained, such as prerequisites,
total hour requirement for master’s level education, and the
clinical hours required while in the program.
The 18 school representatives addressed these areas
in breakout sessions and then returned to the full group
to share their discussions and rationale. The resulting
recommendation, the O&P Master’s Level Education, should
prepare the student for entry-level practice in orthotics and
prosthetics. The graduate will have the core competencies
required to be an autonomous problem solver, with the ability
to assess an individual’s conditions, functional limitations,
and impairments and identify desired outcomes. In addition,
the graduate will be able to develop and implement a costeffective care plan that effectively achieves these outcomes
based on accepted evidence-based practice norms.
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toria, Australia, and Stefania Fatone, PhD, BPO(Hons) from
Northwestern University, Chicago, identified a number of gait
parameters that characterize this population for which there is
reasonable scientific evidence. One key finding was that present technology is unable to restore ankle power generation for
these patients regardless of the type of orthosis, prosthesis, or
footwear modifications provided. The physicians, engineers,
and prosthetist-orthotists at this meeting provided insights
from their professional experience to help interpret the eviTo thrive in today’s “pay for performance” reimbursement environment, the vast
dence and its importance for
practice. The results
majority of practitioners must be educated consumers of emerging scientific research. clinical
will be published as proceedings this year and converted
The group also worked to better define the clinical into a self-paced educational module on the Academy’s Onexperience—where students can connect curriculum content line Learning Center.
in the practice setting. The O&P educators felt it was critical
not to base it entirely on time but keep it focused on creating
To thrive in today’s “pay for performance” reimbursement
value and structure to the clinical experience.
The research components focused on the four Cs: critique, environment, the vast majority of practitioners must be educonsume, collaborate, and conduct. At the most basic level, cated consumers of emerging scientific research. As we strive
students should be able to understand, value, and assess to inform our O&P professionals about how to understand
research articles. At the master’s level, they should be able to and utilize O&P research, the Academy’s grant programs
work on data gathering and interpretation under the supervision have focused on the development of O&P-specific guidelines
of a research mentor. True research competency would not be and methodologies. Brian Hafner, PhD, of Prosthetics Research Study, Seattle, Washington, presented a summary of
expected until the PhD level.
The curriculum guidelines will be completed in late 2007. the efforts to develop detailed guidelines for the creation of
Existing schools will work to make this transition possible evidence reports, which form the basis of State-of-the-Science
Conferences. In conjunction with this effort, Mark Geil, PhD,
by 2010.
of Georgia State University, Atlanta, provided an overview of
an upcoming continuing education course titled “Evidence
A multidisciplinary, multinational group of clinical experts Based Practice: Justifying Patient Care” at the Academy’s
met in snowy Chicago, Illinois, in early March to investigate Annual Meeting in San Francisco, California. This session
and debate the State of the Science in ambulation after partial provided participants with the link between evidence-based
foot amputation. The comprehensive structured review of the practice and how it directly affects clinical care.
literature, conducted by Michael Dillon PhD, BPO(Hons), and
Margaret Hodge, BPO(Hons), from LaTrobe University, Vic- For updated reports on the grant and its findings, visit www.oandp.org/grants

Evidence-Based Practice

Evaluating the State of the Science
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Academy Spotlight

How the Research Education Committee Selects
the ‘Best of’ Resident Research Reports

H

ave you ever wondered how the Academy selects
the “Best of” resident research reports? Here is
the answer: The Research Education Committee,
as part of the Research Council, reviews every
research report accepted by NCOPE, applies a set of evaluation criteria, and narrows down a longer list of candidates to
a short list of finalists. This year, the committee is reviewing
approximately 118 reports.
Committee chair Edward S. Neumann, PhD, PE, CP, said,
“Many Residents probably wonder if anyone reads their reports.
The answer is, ‘Yes!’ Not only are they read, but they are also
evaluated by the Research Education Committee for quality
in a number of areas. Those that we feel merit recognition for
their informational content and research design are awarded
‘Best of’ status.”
Scott Cummings, PT, CPO, FAAOP, chair of the Research
Council, sees the awarding of “Best of” status to resident
reports as helping to fulfill the mission of the Council in
several ways. “First, it emphasizes the importance of research
to clinical practice and promotes interest in research. This
helps support the Council’s goal of moving the profession
forward through the implementation of evidence-based
practice. Second, posting ‘Best of’ reports online creates a
source of potentially useful information for practitioners.”

papers. Scientific merit
is the overriding factor.
The research problem
must be clearly defined,
the study methods must
be appropriate, the results
presented and discussed
adequately, and the topic
should be relevant to
clinical practice. Grammar
and spelling must be
correct, and thoughts must
be communicated clearly.
Originality is factored in as
well as whether the report
can serve as a model for Edward S. Neumann, PhD, PE, CP,
other residents. Literature Research Education Committee chair.
reviews are evaluated based on topic, purpose, organization,
quality of writing, and contribution to professional practice.
Case studies presently are excluded from review because
scientific criteria cannot be applied to them.
Committee members who are reviewers of prosthetics
papers include Neumann; Steven A. Gard, PhD; Mark Geil,
PhD; Sam Phillips, CP, FAAOP; and Susan Kapp, MEd, CPO,
LPO. Orthotics paper reviewers from the
committee include Bryan Malas, MHPE,
There is no limit on the number of reports that can earn “Best of ” status CO; Kevin Meade, PhD; and Phil Stevens,
CO. Additional orthotics review assistance is
during a year. It can be zero if none meet the standards set by the
provided by John French, CO, and Scott A.
committee, or it can be a large number if many are of high quality.
Sanford, CO.
The process can take up to six months
from the time reports are received from
Five reviewers for the reports fall into the prosthetics NCOPE to the time “Best of” status is awarded. It then takes
category, and five reviewers are in the orthotics category. additional time to post them on the Academy’s website.
Reports in each category are first screened for overall quality Neumann feels that while the process involves significant
by the reviewers in that area, and each group recommends work on the part of the committee members and Academy
candidates from the batch they have been assigned to screen. staff, the undertaking yields substantial benefits. “Our
The candidate reports are then evaluated and voted on by all committee is developing a very good grasp of the research
reviewers from that category. There is no limit on the number education needs of students in O&P programs. We feel that
of reports that can earn “Best of” status during a year. It can the Academy can play a very significant role by helping
be zero if none meet the standards set by the committee, or it students to understand what constitutes good research. In
can be a large number if many are of high quality.
this way, they will become better consumers of research as
Scientific studies are evaluated separately from literature O&P practitioners. Awarding ‘Best of’ status also recognizes
reviews. The criteria for evaluating scientific studies follow the effort that goes into the design and execution of a quality
generally accepted guidelines for the review of scientific research project.”
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Our redesign is more than skin deep. We built on nine years of
experience by adding new features that offer more independence
to your patients.

The updated C-Leg® includes
• an electronic variable position lock feature for standing
• a wireless remote to switch between modes
• the ability for the patient to slightly adjust swing phase for
either higher or lower dynamics
To get your patients onto the most advanced microprocessor
knee available, call your Otto Bock Sales Representative at
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