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Evidence-Based Practice:
		 Talking the Talk,
				 Walking the Walk

E

veryone in O&P is talking about
evidence-based practice (EBP) these
days, or so it seems. Like many other
O&P clinicians, you may be wondering about a few key questions. Exactly what is EBP? Why is it such a hot topic right
now? How will EBP affect the O&P profession
and your practice?
Believe it or not, the concept actually has its
roots in the late 18th century. In his book Ethics
and Evidence-Based Medicine, Kenneth Goodman traces it to Thomas Beddoes, an English
physician who practiced then. Concerned about
potential harm to patients from existing treatment approaches, Beddoes called for collecting,
sharing, analyzing, and publishing medical data
to improve patient care.
The modern EBP movement began in the late
1950s and 1960s, when epidemiological methods were first applied to clinical research. “It was
originally called clinical epidemiology, but that
was so dull the originators coined the term ‘evidence-based medicine,’” explains Ed Neumann,
PhD, PE, CP, professor of civil engineering and
director of the Center for Disability and Applied
Biomechanics at the University of Nevada at
Las Vegas. “Internal medicine adopted it as an
academic teaching model, and much of the medical profession moved to adopt this standard.”
In O&P, the essential premise of EBP is that
it integrates the best-available scientific research
with a clinician’s expertise to make patient care
decisions. Academy Research Council Chair
Scott Cummings, PT, CPO, FAAOP, identifies
three key components of EBP:
■ Scientific evidence
■ Practitioner experience
■ Patient values
“There’s objective research data available for
practitioners to reference,” Cummings says, “but
evidence-based practice doesn’t ignore the vast
experience of each practitioner. And it doesn’t
ignore that the patient is part of the process,” he
explains. Neumann adds, “To my thinking, the biggest misconception is to consider evidence-based
practice a big research project versus a thought
process. Scientific findings must be incorporated
into a clinician’s own thought processes.”
Stefania Fatone, PhD, BPO (Hons), research
assistant professor in the Prosthetics Research
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Laboratory and Rehabilitation Engineering
Research Program at Northwestern University,
Chicago, Illinois, concurs. “The scientific evidence is not used in a vacuum. Each patient will
present with unique characteristics. Evidencebased practice is the judicious use of knowledge
in the context in which you’re practicing. It’s
not like a cookbook. You still need to use your
knowledge as a clinician.”

EBP Now a Buzzword

That being said, scientific evidence has been the
most difficult EBP piece to come by in O&P as
well as the allied health professions as a whole.
“EBP has gotten to be the buzzword in a lot of
different medical areas,” observes Brian Hafner,
PhD, research director of the Prosthetics Research
Study at the University of Washington, Seattle.
“In reality, it’s rare.” In fact, as recently as 1992,
the Institute of Medicine estimated that only
2–25 percent of medical decisions were evidence
based. One reason this number isn’t higher is that
randomized clinical trials—the gold standard of
research—are time-consuming and expensive.
Another reason is that only relatively recently has
internal pressure for improving and standardizing
clinical decision-making combined with external
pressure from insurers and third-party payers
accelerated the implementation of EBP across the
allied health professions.
Hafner points out that insurers are driving
much of the move toward EBP in O&P. “They’re
looking for justification for the intervention, especially with devices becoming more expensive,”
he says. “There’s a big differential between the
current standard of care and new options.” Cummings shares this view, noting, “I think the days
of insurance companies paying because we put it
on a bill are over. We need to document and support what we do.”
In addition to EBP’s practical value from a
business standpoint, it also provides an approach
to defining and raising the standards of patient
care. “It improves the overall quality of care and
proves that what we do is appropriate and effective,” says Academy President Gary Berke, MS,
CP, FAAOP. Fatone adds, “Part of the rationale
is that it tries to standardize care and improve
the quality of care by grounding it in science.
If you put evidence in the equation in a more
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Evidence-Based Practice
systematic way, you’ll provide better care in the context of how
you apply it.”
Christopher Hovorka, MS, CPO, clinical director of the
Master of Science in Prosthetics and Orthotics (MSPO) program in the School of Applied Physiology at the Georgia
Institute of Technology (Georgia Tech), Atlanta, points out,
“In other professions, they have critical pathways—a sequence
of evidence-based procedures that are well substantiated and
which the profession agrees are the best approaches to care. We
don’t have that now, but the State-of-the-Science Conferences
are a step in the right direction.”

SSCs Identify Research Priorities

For the past three years, the Academy’s State-of-the-Science
Conferences (SSCs), funded by a U.S. Department of Education
grant, have been convening cross-disciplinary panels of experts
to identify research priorities and expand the O&P knowledge
base by offering clinical guidance about scientifically validated
practice fundamentals. The SSCs also define best practices and
encourage their swift implementation both in the field and in
O&P educational programs by disseminating the proceedings
and developing the findings into online professional continuing
education courses.
“Practitioners can put that document on their desk and refer
to it, using the information to help guide their patient care,”
Cummings points out. “We need more of that—something very
tangible.” Berke also sees the SSCs as providing a solid foundation for building a stronger, more research-focused future for
the profession. “We’re getting a handle on what we have to
study so we can move forward with the research that needs to
be done,” he says. “On a basic level, the SSCs are the beginning
of evidence-based practice.”
EBP not only helps practitioners justify their current treatment decisions, it also enables them to change and improve
patient care when new evidence supports a different approach.
As Berke explains, “Evidence-based practice can mean altering
the way you take care of a person or pathology based on what
has been researched.” And providing care based on the latest
knowledge is critical, Fatone notes. “It’s a way of providing
care based on current knowledge versus knowledge gained at a
different point in time. For example, if you graduate in 2000 but
you’re practicing in 2010, you may need to change. You need
to keep abreast of new developments and not just rely on your
mentor or what you’ve been taught in the past.”

Building Awareness and Understanding

To use scientific evidence effectively, practitioners need to
become well-educated consumers of research. “They need to be
able to go to the scientific literature available to them in magazines and journals, critically evaluate a single piece of evidence,
put together several pieces, and then make some controlled
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changes in their practice,” Hafner says. “Then they need to
stand back and learn from this.” Neumann outlines a four-step
EBP framework for clinicians:
1. Formulate a good clinical question.
2. Search for evidence to answer it.
3. Evaluate the quality of the evidence.
4. Figure out how to apply the findings to individual
patients using your own knowledge.
Under Neumann’s leadership, the Academy’s Research
Education Committee has been working to build awareness and
understanding of EBP among practitioners. “Our goal is not to
make everyone researchers but better consumers of research,”
he explains. “We’re helping them understand what they need
to know to make good decisions for their patients.” His free
paper presentation at the Academy’s Annual Meeting in San
Francisco titled “Implementation of Evidence-Based Practice
in O&P” was designed to give practitioners the ability to see
how EBP fits in the context of their practices, as well as help
them expand their knowledge base.
“I want practitioners to look at their clinical decision-making
from a new perspective,” Neumann explains. “The best example would be to question where your knowledge base comes
from. Is it experience, manufacturers’ information, aggressive
reading of research articles, or consulting with colleagues? And
what is the quality of that source of knowledge? As clinicians,
we tend to go on experience. Our perspective may be at risk of
being too narrow.”
The Academy’s meeting had a total of three stellar EBP
sessions. The instructional course focusing on “Establishing
Evidence-Based Practice in O&P Focusing on the Orthotic
Management of Stroke” was presented by an international panel
of speakers including Jim Campbell, PhD, CO, FAAOP; Roy
Bowers, CPO; and Gert Kwakkel, PhD. By using the orthotic
management of stroke patients as an example, this experienced
panel of international presenters reviewed available evidence
and debated the quality and usefulness of evidence-based
research in O&P. Mark Geil, PhD, also lead a session on EBP
titled “Evidence-Based Practice: Justifying Patient Care.” He
discussed how the vast majority of practitioners must become
well-equipped consumers of the emerging scientific research
driving EBP.

Education and Training: The Key

The evolution of the O&P educational paradigm reflects the new
emphasis on research as an integral part of training future practitioners. One of the earliest changes occurred in 1994, when
the National Commission on Orthotic and Prosthetic Education
(NCOPE) mandated that all O&P residents complete a research
project. Neumann’s committee works closely with NCOPE to
support this component. In addition, according to Hovorka,
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educating a cadre of practitioners familiar and comfortable with process,” Cummings notes. “Most of us just don’t have the
research is the goal of the master’s-level program at Georgia research background, and although it’s valuable to collaboTech. “We want to create scientifically savvy and knowledge- rate, we don’t want to rely on other allied health professionals
able clinicians,” Hovorka explains. To achieve this, the program to define how we do our research.”
teaches students how to formulate research questions and how
to develop processes to answer them. Each student is paired
with a faculty mentor to guide his or her two years of research. Developing a solid base of highly trained O&P researchers
“They’re learning the process of the scientific method will take time, of course. Meanwhile, the Academy continin a controlled way,” Hovorka says. “We’re asking them to ues to take other concrete steps to support research and the
apply concepts in class, in the lab, and then in practice. Our move to EBP, such as partnering with the American Orthotic
goal at the master’s level isn’t to create scientists who will be & Prosthetic Association (AOPA) on an Outcomes Research
lead investigators in a research study.
Project. Although still in the planning
We’re grooming generalist practitiostages, the joint steering committee is
ners who appreciate research.” He
exploring the development of smaller
“They’re learning the
noted that while some students may
studies that might involve information
process of the scientific
choose to pursue a career in research,
gathered from such sources as literaeach graduate will be well prepared to
ture reviews or a survey of practitiomethod in a controlled
make solid contributions as a member
ners to produce outcomes on a shorter
way….We’re asking them
of a research team.
timeline than full-scale research projEducating current and future clin
ects require. “We want to produce
to apply concepts in class,
icians to become better consumers
some information pretty quickly that
in the lab, and then in
of research presents one challenge to
practitioners can use on a daily basis,”
the O&P profession. Enhancing the
explains Cummings, a member of the
practice. Our goal at the
volume and quality of O&P research
steering committee.
master’s level isn’t to create
presents an even larger one. “The
Given the small size of the proscience is new and young and develfession,
this type of teamwork is
scientists who will be lead
oping,” Fatone notes. “We’re a new
particularly valuable. “AOPA has
investigators in a research
profession. Until recently, we were
stated that over time the need for outtechnicians who made things, not
comes research has moved to its front
study. We’re grooming
clinicians responsible for the care of
burner. We want to make sure we
generalist practitioners who
patients. We haven’t had a culture to
don’t duplicate efforts, so we can do
do research. But now there’s a growmore together,” Berke says. Financial
appreciate research.”
ing appreciation within the field that
support of the process is also crucial.
— Christopher Horvorka, MS, CPO
research is valuable.”
The Academy has already earmarked
Fatone explains that the ability to
one-third of its resources toward progenerate guidelines for clinical care
moting research, and EBP and the
requires synthesizing available evidence to determine which Research Council’s Grants Committee is focusing its efforts
treatments produce the best outcome. “Therefore, you want on identifying funding sources so that research money will
multiple studies that come to the same conclusions. If you can be available to the O&P community. Grants Committee Chair
take half a dozen studies with the same conclusions, now you Fatone notes that funding pilot studies can be an investment in
have a strong base. But you can only have confidence in results helping researchers to successfully win larger grants, eventufrom methodologically rigorous studies,” she says. “We need ally yielding a higher quantity and quality of research.
to produce several studies on the same topic. For O&P, that’s
Although making evidence-based practice a reality
difficult because we’re still in our infancy as far as producing in O&P will be an ongoing process over many years, the
good quality research.”
Academy’s multifaceted approach continues to generate
Expanding the body of O&P research requires restructur- positive momentum. “It’s exciting how far we’ve come in
ing the traditional educational model, including establishing the past year,” Berke observes. “By advancing educational
advanced degree programs such as the two new doctoral-level criteria, putting an emphasis on becoming better consumers
programs now open to O&P candidates at Georgia Tech and of research, focusing on outcomes research, and looking at
the University of Washington. “We have to support advanced funding for long-term studies, we’re starting to elevate the
degrees to prepare students for being part of the research role of evidence-based practice.”

Ongoing Process
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The Academy’s Paul E. Leimkuehler
Online Learning Center

New Courses Available

Prosthetic Foot/Ankle Mechanisms

(12 PCE Credits)

This article is an excerpt from a State-of-the-Science Conference proceedings. The conference and
original printing was made possible by an Academy grant from the U.S. Department of Education
(H235J040017).
This interactive online course will guide you through the results of a
consensus conference held in April 2005 and sponsored by the American Academy of Orthotists and Prosthetists (the Academy). The conference of engineers, biomechanists, prosthetists, physical therapists,
and physicians set out to examine the body of scientific evidence that
supports the clinical prescription and use of prosthetic foot and ankle
mechanisms.

Members: $80 Nonmembers: $160

The Use of Dynamic Orthoses in Reducing Knee Flexion

Contractures in a Pediatric Patient with Myelomeningocele

By Phil Stevens, MEd, CPO, and Thomas DiBello, CO, LO, FAAOP
(2 PCE Credits)
Joint contractures may develop as a result of spastic muscle activity or
prolonged immobilization. It has been observed that regardless of the
etiology, the resultant pathophysiological changes are similar. These
include the remodeling of both the associated connective tissues and
the muscles themselves to accommodate their shortened state. Sound
rationales have been presented on the importance of both “total endrange time,” and “low-load, prolonged stretching” in clinical attempts
at reversing the biological processes of contracture development.
Dynamic-assist orthotic joints represent another treatment modality in
which the orthosis actively stretches the contracted joints at a clinically
determined torque and duration.

Members: $20 Nonmembers: $50

Functional Limitations from Pain Caused by Repetitive
Loading on the Skin: A Review and Discussion for
Practitioners with New Data for Limiting Friction Loads

By J. Martin Carlson, CPO
(2 PCE Credits)
Reddened, painful skin; areas where the outermost layer of skin has
been rubbed off (abrasions); and blisters are very common problems
observed daily by orthotists, prosthetists, pedorthists, athletic trainers,
and a host of other caregivers. These examples of acute skin trauma
and the pain that precedes and/or accompanies them are often what
determine the limits of an individual’s functional performance. When
these problems occur within footwear, orthoses, or prosthetic sockets,
the cause is repetitive loading—a combination of peak-load magnitude
and number of loading cycles sufficient to produce significant skin
trauma. Walking, running, and many other activities involve movements of skeletal elements relative to surfaces such as shoe insoles,
orthoses, and prosthetic sockets. Those relative movements are an
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inevitable consequence of transferring load through soft tissue and
across the skin interface. The loads contain both normal components
(perpendicular to the skin surface) and friction components (parallel to
the skin surface). Historically, most instances of skin trauma have been
attributed directly to excess pressure and have been dealt with using
pressure-management techniques exclusively. Pressure-reduction tech
niques often lead to some improvement. However, the assumption that
those problems are directly governed by excess pressure is substantially in error, leading to partial solutions and missed opportunities to
achieve much higher levels of safe, pain-free function. Research has
established the friction component of repetitive loadings to be the
major factor governing how many load cycles a given area of skin can
tolerate before the onset of pain and acute trauma. To increase comfortable, pain-free function, the magnitude of friction load peaks applied
to each loading cycle must be reduced. This can be accomplished by
reducing peak normal (pressure) load magnitudes and/or reducing the
coefficient of friction (COF) operating between the skin and support
surface in the problem area. Friction forces over the vast majority of
the loaded skin surface area are useful for stability, suspension, and the
transmission of functional forces. Friction creates a problem only in
very limited areas. This is the rationale for reducing the operative COF
in problem areas only.
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Elbow Orthosis to Re-establish Elbow Extension Motion

By Serap Alsancak, PhD, PT; Haydar Altinkaynak, MSc, ENG;
(2 PCE Credits)
and Hakan Kinik, MD
This study describes a uniaxial elbow orthosis designed at the Ankara
University Department of Prosthetics and Orthotics, Ankara, Turkey, as
a custom-molded orthosis to improve elbow extension. Five children
with post-traumatic elbow flexion contracture were treated using the
static progressive elbow orthosis for a mean of 2.2 ± 0.8 months. None
of the patients received any physical therapy or surgical treatment for
flexion contracture. At the 18-month follow-up evaluation, the median
correction was measured at 35 degrees in active extension limitation
and 15 degrees in passive extension limitation. The findings show that
the elbow orthosis is a safe and effective treatment to consider for children who present with elbow flexion contracture.
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Case Study

Use of an Ankle-Foot Orthosis to Optimize
Hip and Knee Biomechanics Following Stroke
■ Roy Bowers, Orthotist
■ Barry Meadows, Bioengineer

Abstract

An appropriately “tuned” solid ankle-foot orthosis (AFO),
designed to accommodate gastrocnemius length, successfully
realigned the ground reaction force (GRF) to the knee and hip
in the late midstance and terminal stance phases of gait in a
patient following stroke. Appropriate external moments were
created at both joints, improving kinematics and the weight
bearing ability of the affected limb.

Background

While non-articulated AFOs are commonly employed to
improve gait following stroke,1 the importance of accommodating gastrocnemius length when casting the limb is not always
recognized. Too often practitioners opt for a 90-degree angle as
a matter of course, failing to recognize the detrimental consequences of ignoring gastrocnemius shortening. Specifically, if
gastrocnemius length is not sufficient to allow ankle dorsiflexion to 90 degrees with the knee extended, then dorsiflexing the
ankle to this angle in an AFO will actually limit knee extension
in gait.2
Alternatively, some orthotists cast the ankle in plantarflexion so that the shank is maintained in a vertical alignment
when the shoe is worn, ignoring the fact that in normal gait,
the shank is actually inclined in midstance and terminal stance.3
Importantly, at this stage of normal gait, GRF alignment generates simultaneous external extension moments at the knee and
hip. This requires thigh inclination, which in the presence of a
vertical shank would cause unacceptable knee hyperextension.
Therefore, some shank inclination is also necessary.
Generation of simultaneous external extension moments at
knee and hip in late stance has been demonstrated to improve
stability and weight bearing through the limb in patients with
cerebral palsy. It has also been found to be sensitive to small
changes in tibial inclination angle;4 i.e., “shank to vertical angle”
(SVA). Solid AFOs must therefore be tuned to optimize gait, a
fact not universally appreciated. Tuning involves fine adjustment of the SVA by adding or removing thin wedges under the
heel of the AFO, with the intention of improving the kinematics
of the limb segments and the kinetics at the knee and hip.2,4,5
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The ability of an AFO to influence the kinetics and kinematics of the hip is not always recognized, nor is it evidenced in
the stroke literature.1 Many fail to recognize the importance of
establishing this as an objective of orthotic treatment.4

Case Study

The subject was a 67-year-old male with a right-sided hemiplegia following stroke. Unbraced gait demonstrated swing-phase
equinus and poor knee flexion, and was markedly asymmetrical
with poor contralateral stride length. Tibial kinematics throughout stance was abnormal, with insufficient shank inclination
and poor hip extension in mid to terminal stance. Physical
examination revealed gastrocnemius shortening (five-degree
plantarflexion with knee extended). Passive range-of-hip joint
extension, however, was good.

Figure 1 shows an image captured
from a video-vector recording of
the terminal stance of the subject
walking without an AFO. GRF
alignment is far in front of the
knee, resulting in an excessive
external knee-extension moment.
Significantly, it is also in front of
the hip, generating an abnormal
and undesirable external hip-flexion
moment at this stage of gait.

Figure 1

Figure 2

With an AFO (figure 2) the GRF
is aligned more appropriately to
the knee (reducing the external
extension moment) and, importantly,
is now behind the hip, generating
the desired external hip-extension
moment. The increase in height
of the GRF indicates the improved
ability of the affected limb to
bear weight, with consequent
improvement in contralateral step
length.
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Methods

The subject was fitted with a homopolymer polypropylene
AFO with carbon-fiber reinforcement at the ankle. Due to gastrocnemius shortening, the subject was cast in plantarflexion
consistent with muscle length. In line with our normal clinical practice, wedges were progressively added under the heel
to tune the AFO, using slow-motion video replay to confirm
appropriate inclination of the shank and thigh in mid to terminal stance. Video-vector gait analysis subsequently confirmed
successful GRF realignment.

Discussion

Experience with the use of solid AFOs in children with cerebral
palsy has demonstrated the clinical significance of realignment
of the GRF to the knee and the hip in late stance. Specifically,
the achievement of simultaneous external extension moments
at both joints facilitates the generation of an appropriately
high second vertical peak of GRF, demonstrating improved
weight bearing.4 This case study suggests that achieving similar
results in adults with stroke may be possible and of equal clinical significance. Tuning the AFO is necessary to achieve this
but requires prior selection of an appropriate plantarflexion/
dorsiflexion angle consistent with gastrocnemius length.
Following stroke, many patients face excessive bio
mechanical challenges due to poor segment kinematics and
the abnormal relationship of the GRF to the proximal joints,
particularly the hip. Paradoxically, they must respond with an
impaired neurological system to biomechanical challenges that
are greater than in their pre-morbid state. It could be argued
that appropriate early orthotic intervention might reduce these
biomechanical challenges, with consequent reduction in the
required neuromuscular response facilitating and accelerating
the rehabilitation process. This exciting possibility requires
further investigation.
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Conclusion

When appropriately tuned, a solid polypropylene AFO was
shown to have clinically important biomechanical effects
on the gait of a stroke survivor, particularly in relation to the
kinetics and kinematics of the hip, and the ability of the affected
limb to bear weight. Correct plantarflexion/dorsiflexion angle
in the AFO and appropriate adjustment of SVA are critical to
this process.
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Sponsor’s Educational Editorial

Increasing Efficiency, Repeatability, and Accuracy in
Prosthetics and Orthotics Through the Use of CAD
■ Jennifer Dowell, CPO
■ Cheryl White, BSE

M

any functions in today’s O&P office are performed
by hand and are often tedious and susceptible to
human error. In some cases, they are inconvenient
and even uncomfortable for the patient. Most of
these processes can be improved through the use of a computeraided design (CAD) system, allowing the prosthetist to spend
more time with the patient and less time on tedious tasks without sacrificing quality. Patients who have been asked to compare
sockets produced conventionally versus those made with CAD
have reported no significant difference between the two types. 1

Documenting

Many aspects of creating a prosthesis or orthosis involve recording data. In most offices, measurements are recorded on a paper
form, and information about the patient’s condition is jotted
down in a paper folder. When information must be transferred
from one person to another, the potential for miscommunication
is always a possibility.
Some portions of the process are never recorded at all. Instructions given to a technician for modifying the model are likely
relayed verbally or are written in a temporary format. The information is never permanently recorded in the patient’s file, allowing
for the possibility of misunderstanding. Complete and accurate
information about a shape is rarely measured and recorded.
A complete CAD system will allow the clinician to enter
the patient’s information directly into user-friendly software to
reduce the possibility of errors. The shape of the model and a
list of its modifications are stored in the computer for easy reference at any time. Requests for data from third parties can easily
be met with a few clicks of the mouse.

Measuring

Typically, the lengths and circumferences of the applicable body
part are measured with a measuring tape. Depending on whether
the tape is held loosely or tightly against the body, or whether
the tape is held at a slight angle, these measurements can differ
significantly. Petrek et al., state that measurements taken with a
measuring tape “can vary according to the degree to which the
tape itself constricts soft tissue.” 2 Without a consistent measurement system, it is difficult to achieve consistent outcomes.
These human variables can be reduced by obtaining measurements electronically through the use of a digital, non-contact,
three-dimensional shape-capture system. The measurements
are entered directly into the patient’s record in the software,
eliminating the possibility of recording the wrong numbers.
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Measurements acquired through such a precise electronic
method are much more repeatable and reproducible than those
collected by hand. (A result is repeatable when each time the
clinician measures the same patient using the same equipment,
the measurements are the same. A result is reproducible when
the same measurements are obtained by different clinicians on
the same patient using the same equipment.) Regardless of how
many times a clinician measures the patient, or how many different clinicians measure the patient, the results are accurate
every time. (Accuracy is how close the measured value is to
the actual value.) Information on the accuracy of specific CAD
systems is available from the manufacturers.
The importance of obtaining accurate measurements cannot
be overstated. If the process begins with inaccurate data, then
there is little chance that the final product will fit properly. Time
and effort will be required to address a problem that could have
been avoided if a more precise method had been used. As stated
by Geil, “Without proper fitting, overall function of the prosthesis as well as quality of life for the patient is diminished….
Thus it is crucial that techniques used to produce limb sockets
be accurate, repeatable, and cost effective.” 3

Casting

The process of accurately capturing the patient’s shape is crucial for providing a comfortable fit. Just as measurements can
vary depending on technique, so can a cast. The plaster casting
material can be stretched loosely or tightly, and the prosthetist’s
hands can apply varying levels of pressure.
Casting is a lengthy process, requiring the patient to remain
in one position for several minutes. The nature of plaster also
means that in addition to the time required for taking the cast
itself, there is also time required for preparation and cleanup.
Then, as the plaster for the positive model is mixed, poured, and
allowed to dry, the total time is increased again.
With a successful CAD system, plaster is eliminated entirely. The time for the shape-capture process is reduced significantly—only a few minutes are required for the entire process.
There is no preparation aside from perhaps applying a sock or
other covering to the body, and there is no drying or cleanup
required. There is no additional time required at this point for
the creation of a positive model. The three-dimensional shape
of the limb is created in the software almost immediately after
it is captured. As with the measuring process, the shape-capture
process becomes repeatable and reproducible through the use
of CAD.
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Modifying the Model

Creating a prosthesis or orthosis involves modifying the model
to achieve the desired design, using an assortment of tools such
as a file, a piece of sandpaper, and even a tongue depressor to
remove, apply, or shape plaster in specific areas. Applying/
removing plaster by hand is extremely imprecise, messy, and
tedious. If a clinician needs to reduce a positive model by 5 percent, he must shave plaster off of the model as symmetrically
as possible, stopping periodically to re-measure the model with
a measuring tape and then repeat the process until the goal is
achieved. An infinite number of reduction amounts in different
areas can result in the desired 5 percent reduction, with some
areas being reduced more than 5 percent and other areas less.
Convery et al. reported inaccuracies of up to 2mm when a prosthetist followed a single list of instructions to modify multiple
copies of the same transtibial model.4 This process has so many
variables that it cannot be repeated or reproduced accurately.
If, in the course of making a particularly extensive modification, a clinician makes a mistake that cannot be easily corrected,
he must start over by making a new positive model from plaster.
A user-friendly CAD system replaces the plaster-related
tools with electronic tools. The clinician is still able to use his
skill in determining the location and extent of the modifications;
however, he is able to obtain the result with just a few clicks of
a mouse. The modifications are much more precise than they
could ever be when performed by hand. A 5 percent volume
reduction is accomplished in seconds and is exactly 5 percent
over the entire model. Also, there is no chance of ruining a positive model with an inaccurately performed modification. With
CAD, modifications can easily be undone. A thorough CAD
system also maintains a record of the modifications that are
made to design the device.

Fabricating

Once a plaster positive model has been modified, the fabrication
of the final device can be done in-house, or the plaster model
can be shipped to an outside fabricating facility.
A prosthetist with a complete CAD system can either fabricate the device in-house, or he can e-mail the CAD file to a
fabricating facility within seconds and without shipping costs.
Precise instructions for fabricating and shipping can be included
with the file.
If the clinician performs an initial fitting and finds that the fit
is less than optimal, he can easily review the modification steps
and fabrication instructions to determine where an error may
have been made. Electronic modifications to improve the fit can
be quickly made and recorded.

Building a Prosthesis

Fabricating a socket isn’t the only step in making a prosthesis.
The prosthetist must also select all of the other required components. Normally, a prosthetist would search charts and catalogs
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to select appropriate weight and activity options and jot down
item numbers for placement of orders by the office staff. This
method requires an investment of time to research the options
for each patient and allows for the possibility of human error.
An effective CAD system will improve the efficiency and
accuracy of not just the socket fabrication process but of every
step along the way, including component ordering. Because all
the data required for selecting components is already entered into
the software, that information can be used to rule out unsuitable
components and submit orders. These componentry orders can
be reviewed at any time and thoroughly tracked.

Monitoring the Fit After Delivery

Most patients experience a change in the shape and/or volume of the affected limb over time. Sometimes this change is
minor enough to be addressed through a simple adjustment, but
in some cases the change is drastic enough that a replacement is
required. It is critical that clinicians be able to clearly justify a
socket or brace replacement based on exact patient information.
Simple handwritten notes in a file do not accomplish this task,
and certainly it is impractical to ship plaster models to prove a
change in size or shape.
A well-designed CAD system allows the prosthetist to compare one file to another to show the change in the patient’s shape
over time. The required documentation can be easily printed
out and submitted whenever justification is necessary. Although
reimbursement is probably the most notable instance in which
detailed documentation is required, most clinicians will find
that this level of record keeping is invaluable in many aspects
of their business.
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Grant Update

A Report on Ongoing Efforts
to Advance the O&P Profession

T

he Academy’s U.S. Department of Education grant activities continue to advance the profession through awareness, education, and research. Significant progress based
on our efforts was reported during the 33rd Academy
Annual Meeting and Scientific Symposium held in March in
San Francisco.
We were thrilled to announce the debut of our new DVD
promoting the profession at the opening session on Thursday,
March 22. All members will receive complimentary copies
included in a media kit that will really help build our grassroots outreach efforts needed to make the awareness campaign
a success nationwide. The DVD will also be streamed onto
our website for additional viewings. The DVD and media kit
will complement a series of public-service announcements to
promote the profession nationally and through local markets.
The new media kit will include a turnkey piece that provides
a succinct snapshot of the profession and career opportunities
that our members can use when talking about the Academy and
the profession.
Meeting attendees also had the chance to hear the latest update on the grant’s Geographic Distribution project on
Saturday, March 24. This is phase two of a three-part study
to establish preliminary data comparing the number of CPOs
to the number of eligible Medicare beneficiaries likely to
need O&P services. This analysis was done by metropolitan
statistical areas (MSAs) to provide additional insight into
the distribution of qualified practitioners in high- and lowpopulation-density regions of the country. Practical implications from this new research were discussed. Grant Co-PI,
John W. Michael, MEd, CPO, FAAOP, was joined by Sharon
Hubbard, MS, business manager and Department of Education/Academy grant manager for the Prosthetics Research
Study at the University of Washington, Seattle, to present
these findings.
Earlier this month, the Academy’s eighth State-of-theScience Conference (SSC) was held in Chicago, Illinois. The
topic was “Biomechanics of Ambulation After Partial Foot
Amputation.” The conference was led by Chair Jack Uellendahl, CPO, and Co-Chair Elaine Uellendahl, CP. The purpose
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of this SSC was to review the scientific literature regarding the
biomechanical function during level-ground walking of persons
with partial foot amputations to establish what is known, what
is believed to be true, and what needs to be known to optimize
ambulation for these patients. This SSC investigated a broad
range of custom-made prostheses, orthoses, and hybrid “prosthoses” commonly prescribed for this population in an effort to
determine key biomechanical distinctions that may influence
prescription criteria for specific individuals. Conference proceedings will be published in spring 2007.
The SSCs led to the development of two new online professional continuing education (PCE) courses based on their
findings. Courses based on SSCs #6 (Lower-Limb Prosthetic
Outcomes Measures) and #7 (KAFOs) will also be available in
spring 2007 (www.oandp.org/OLC). The online courses offer
exceptional education that is available at your convenience.
As we strive to make our O&P professionals better consumers of O&P research, the Academy’s grant programs are focused
on helping practitioners understand the existing research
and the methodology behind literature reviews and evidence
reports. Brian Hafner, PhD, research director of the Prosthetics
Research Study at the University of Washington, Seattle, led
a team of subject-matter experts in January 2007 to develop a
detailed guideline for the creation of an evidence report in support of SSCs. Meanwhile, Mark Geil, PhD, assistant professor
in the Department of Kinesiology and Health at Georgia State
University, Atlanta, led a panel of experts in presenting “Evidence-Based Practice: Justifying Patient Care” Friday, March
23, at the Academy’s Annual Meeting. To thrive in today’s
“pay-for-performance” (P4P) reimbursement environment, the
vast majority of practitioners must be educated consumers of
emerging scientific research. Participants in this session learned
what evidence-based practice is and how it directly affects clinical care.
The entry-level education program continues to move forward, focused on developing a curriculum guide for the master’s
program. A series of meetings were held throughout 2006, and
the final wrap-up meeting took place in February 2007.

For updated reports on the grant and its findings, visit www.oandp.org/grants
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