PRESSURE TREATMENT:
Dynamic data guide orthotic therapy
Dynamic pressure measurement systems
aren’t just for research any more. The
technology optimizes outcomes by
enabling practitioners to prescribe
orthoses that address particular gait
abnormalities and to quantify the
biomechanical effects.

By Cary Groner

Lower extremity practitioners have used static pressure
measurements for decades to guide the fabrication of foot orthoses.
Dynamic measurement systems now gather plantar pressure data
while the patient is walking; this offers clinicians a more
sophisticated evaluation of gait biomechanics, as well as an
opportunity to make more appropriate orthoses and adjust them
based on real-time performance. And although dynamic systems
have yet to gain wide acceptance in clinical practice, their
increasing use in research is pushing them into the offices of
practitioners who can no longer ignore the obvious advantages they
offer.
Dynamic systems take two basic forms: a mat that patients walk
across barefoot, or in-shoe devices that can measure the effect of
a shoe or orthosis on plantar pressures. Each approach has its own
strengths, and in fact some clinicians are concluding that using them
together may be the best option of all.
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Diabetic foot care
One obvious application of such technology is in assessing the risks
of foot ulceration in diabetes patients, and in determining how well
offloading strategies have actually worked (see "Diabetes experts
focus on foot ulcer recurrence," page 43).
In one of the earliest studies, for example, researchers reported
in 1999 that use of a dynamic in-shoe pressure-measurement
system (hereafter DIPS) helped determine which shoe and orthoses
designs, materials, and combinations most effectively reduced
plantar walking pressures in diabetes patients at high risk for foot
ulcers.1 Then, in 2004,
researchers at Ranchos Los
Amigos National Rehabilitation
Center in Los Angeles reported that in patients with a
history of diabetic foot ulcers,
modification of tri-laminate
custom orthoses based on a
DIPS significantly reduced
maximum mean peak pressures compared to standard
flat foam orthoses.2
“If you want to know
whether the footwear prescription is effectively relieving the
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pressure, you have to measure,” said
Peter Cavanagh, PhD, DSc, professor
and vice chair for research in the
department of orthopedics and sports
medicine at the University of
Washington Medical Center in Seattle.
“We don’t know the level of pressure
that causes tissue damage, and it might
be different for everyone. But to prevent
reulceration, we have to strive to get
pressures down toward the 200 kPa
level.” This threshold level came out of
a study he and several colleagues
conducted in Sweden and published in
2009.3
Cavanagh explained that almost all
diabetic insoles today are made on the
basis of foot shape only.
“That’s important but insufficient,”
he said. “It is essential that you change
Images courtesy of The Orthotic Group.
the way pressure is distributed under
the foot. Then the question becomes,
what is the link between the pressure data you collect and the
device based on it?”
Cavanagh is one of the founders of a company that seeks to
develop a new approach to the development of therapeutic insoles
based on dynamic pressure measurements. In 2008 he and several
colleagues reported in Diabetes Care that, compared with custom
insoles based only on shape, those designed to take both shape
and pressure data into account resulted in better offloading of highpressure areas.4 On average, peak pressure was reduced by 32%
and 21%, and force-time integral in the regions of elevated peak
pressure was reduced by 40% and 34%, compared with two
different insoles made based on foot shape alone. The authors
noted that pressure reduction was achieved by a greater load
transfer to the midfoot—not typically a site of diabetic foot
ulceration—without additional loading of forefoot structures.

"If you want to know if the footwear
prescription is effectively relieving the
pressure, you have to measure."
-- Peter Cavanagh, PhD, DSc
At the Southern Arizona Limb Salvage Alliance (SALSA) in
Tucson, clinicians use a DIPS to determine whether orthoses and
surgical procedures have had the desired effect. According to
SALSA co-director Joseph L. Mills, MD, before dynamic
measurements were available it was common for diabetes patients
to develop a new ulcer in the area to which pressure was redirected.
“After you operate on the foot, what you think you’ve corrected
may have just shifted the pressure to another area that is then at
risk,” said Mills, who is also professor and chief of vascular and
endovascular surgery at the University of Arizona College of
Medicine. “Now we’re better able to identify new spots that we need
to protect.”

Athletic applications
Dynamic pressure measurement has gained a following among
sports medicine practitioners as well. It provides most with a more
accurate way to assess the gait kinetics and kinematics that affect
performance and risk of injury, and to evaluate the orthoses that
result from those assessments.
For example, in 2008, U.K. researchers conducted a study in
which subjects ran barefoot over a force plate and were prescribed
orthoses based on the data collected. They repeated the
assessment using neutral shoes, then did so again after custom
orthoses were added to the shoes.5 The scientists reported that the
orthoses resulted in a significantly more lateral concentration of
pressure, which was consistent with the kinematic finding that the
orthoses significantly increased initial inversion angle. The orthoses
were also associated with reduced peak rearfoot eversion and
eversion velocity and increased peak ankle and initial dorsiflexion
angles.
In-shoe systems increase the level of evaluation still further. A
2007 article in the Journal of the American Podiatric Medical
Association described the use of a DIPS to analyze athletes’ foot
and lower-extremity function before and after treatment with custom
orthoses, with a focus on sagittal plane biomechanics. The aim was
to identify functional asymmetries that could lead to gait-related
pathologies, use the data to fabricate corrective orthoses, then
assess those orthoses’ effects.6 Four illustrative cases were
presented.
“This technology makes a huge difference,” said Bruce
Williams, DPM, the study’s coauthor, who is in private practice in
Merrillville, IN. “To address the problems athletes face, you have to
understand what the foot is trying to do. In-shoe pressure
measurement lets me see where there are stoppages, delays in
motion, certain angles that can represent when the ankle isn’t
moving properly.”
For example, Williams explained, a delay in transfer of force
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once the runner begins to lift the heel may indicate an unstable
midfoot or a functional hallux limitus.
“It gives you a quantifiable reason for what you want to do with
an orthosis,” he continued. “It lets you evaluate that orthosis, make
a small modification, and recast to see if you were right.”
Williams particularly values information about center of
pressure and force-time curves.
“Center of pressure data can give you
ideas about how quickly each foot is moving
compared to the other, whether the foot is
pronating or supinating more, things like that,”
he said. “The force-time curves can show you
similar things, and often you can correlate one
with the other to get an indication that there is
a problem occurring during that segment of
motion of the foot.”
The case studies cited in Williams’ article
are compelling, to say the least. Four athletes
with longstanding injuries and pain syndromes
reported complete alleviation of symptoms
within weeks.

General clinical uses
Researchers and clinicians using in-shoe
systems to evaluate and modify orthoses
report similarly encouraging results. In one
study, researchers used a DIPS to assess the Photo courtesy of Tekscan.
effect of differently designed orthoses on the initiation of plantar
surface loading.7 They found that rigid orthoses alter the timing of
medial forefoot loading during walking, whereas soft orthoses
permitted a more normal forefoot-to-hindfoot movement pattern.
In another study, scientists used a DIPS as part of their
assessment of the effects of over-the-counter (OTC) foot orthoses.8
Radiographic measurements suggested that the orthoses were
effective in changing foot shape, which was associated with relief
of conditions including hallux valgus pain, arch pain, and back pain.
The researchers used the DIPS to assess center of pressure
variability during a postural stability test and found that stability
improved with the orthoses, although that finding was not
statistically significant.
“You absolutely get information you can’t get any other way,”
said Adam Landsman, DPM, PhD, one of the study’s coauthors.
Landsman is an assistant professor of surgery at Harvard Medical
School and chief of podiatry at Cambridge Health Alliance in
Cambridge, MA. “For research, it is extremely valuable because
there is no other way to make numerical measurements. As a
clinical tool, I think it is helpful in specific circumstances.”
Landsman acknowledged that dynamic measurement systems
have not gained wider use in clinical practice partly because the
assessments are time consuming and insurance companies usually
won’t pay for them. Nevertheless, he does use the technology to
confirm that he has unloaded an ulcer site in a patient with diabetes,
or to assess how orthoses are redistributing pressure when he has
watched patients walk and remains uncertain about what’s
happening biomechanically.
Landsman, who took his current jobs recently, said, “I’m a
hospital-based podiatrist now, and one of the first things I requested
was one of these machines, because they’re so valuable for getting
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information. Now it makes sense, because we’re paid based on
performance.”
In-shoe systems have also proved valuable for assessing
interventions for people with metatarsalgia, one study shows. Earlier
this year, researchers reported in the Journal of Prosthetics &
Orthotics that a DIPS measured a mean drop of 121 kPa in peak
pressure under the metatarsal head during walking when subjects
with metatarsal pain used a specific shoe modification.9
James Hackney, PT, PhD, an assistant
professor of physical therapy at Missouri State
University in Springfield and one of the article’s
coauthors, told LER that although he is primarily
a researcher, the study was undertaken at the
urging of clinicians who were trying to discover
the most efficacious ways to help their patients.
“These systems are certainly the most
accurate way of assessing what is taking place
inside the shoe,” he said. “The only
disadvantage is that you only get data about
vertical forces, not about shear forces.”
Hackney and his colleagues measured a
couple of dependent variables.
“The change in pressure as a result of
treatment we could measure immediately,” he
said.
Later, at an average follow-up of 38.2 days,
they measured outcomes using the 88-point
Lower Extremity Functional Scale.
“At that point, we found that the scale
improved by 13.3 points, which was quite significant,” he said.

Technological cross-fertilization
The availability of DIPS has encouraged clinicians and researchers
to consider how it might augment other technologies. At the
Medical College of Wisconsin, for example, scientists have wedded
DIPS results to 3-D data from CT scans, then incorporated the
results into a CAD rapid prototyping machine, using proprietary
software they have developed. The result is a quickly produced
custom orthosis.
To develop the technology, project leader Xue-Cheng Liu, MD,
PhD, collaborated with Robert Rizza, PhD, of the Milwaukee School
of Engineering. So far they have used the approach to manufacture
orthoses for a small number of children with idiopathic clubfoot.
“We’re still in the development stages,” Liu said. “We have five
normal children, average age seven, and five children with eight
club feet. We ask the patients to walk with shoes so we can get all
the dynamic data, then we convert that into the CAD models and
use finite element analysis to predict how the orthoses will affect
foot pressure. Although we only have preliminary, short-term
outcomes, pressure data has significantly improved.”

Pediatric and screening applications
At Baylor College of Medicine in Houston, Jeffrey Ross, DPM, MD, has
developed a unique approach to assessing the risk of lower-extremity
injury to obese children attending a weight-loss summer camp. Ross,
an assistant clinical professor of medicine at Baylor and chief of the
diabetic foot clinic at Houston’s Ben Taub Hospital, realized that
children more prone to injury were less likely to be able to complete
the exercise programs designed to help them lose weight.
“We profiled the kids, evaluated them biomechanically, then did
computerized and visual gait analysis to determine who would be
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at more risk of injury during the two-week period,” he said. “A
pronated, flat-footed, obese child is at much higher risk for knee
pain, ankle pain, plantar fasciitis, Achilles tendinitis, shin splints, and
lower back pain than a kid of normal weight.”
The first year, Ross correctly predicted which children would
be injured about 83% of the time; the second year, after a few
tweaks, the prediction rate was 90%. Biomechanical and computer
evaluations showing a significant flat foot were particularly
associated with a high risk for injury or complaint, as were structural
and functional hallux limitus. Ross presented the research at the
annual meeting of the American Podiatric Medical Association in
Seattle.10
“It’s not rocket science,” he said. “People who know
biomechanics—who know how to look at a foot—can guess which
kids are going to be at risk.”
The assessments would ideally be used to provide orthoses or
other interventions for the children at highest risk before they came
to camp. Beyond that, however, is the consideration that as they
grow into adulthood, people who were obese as children are much
more likely to need total hip and knee replacements, or have
collapsed, pronated feet and other problems. The diabetes part of
the equation goes without saying.
“This has tremendous implications not only in podiatry, but for
how we recognize and prevent lower extremity injuries in obese
children in the future,” Ross said.
For such screening, Ross prefers a pressure mat to an in-shoe
system.

“With both technologies you can pick up gait asymmetries,
supination and pronation, whether one foot is hitting the ground
sooner, if one is in propulsion longer, and if there is a limb-length
discrepancy,” he said. “The only thing the mat can’t do is assess the
effect of an orthosis in the shoe.”
This suggests a possible synthesis, he said; clinicians might do
initial screening and assessments using a mat, then evaluate the
effectiveness of orthoses with in-shoe devices.
“My staff can run the mat scans quickly and have them printed
out, so they’re in the room with the x-ray when I come in to see the
patient,” he said. “But if you want to be more clinically accurate, the
in-shoe gait analysis is preferable.”

Into the clinic
It seems inevitable that DIPS will follow the typical pattern
associated with research technology and become common in
clinical practice. How quickly this happens depends on factors that
include reimbursement, clinician awareness, and consumer
demand.
Regardless, it’s clear that the approach will offer increasing
advantages over static measurements in a variety of fields including
diabetic foot care, athletic training, and pediatrics. Patients, who will
find themselves leading more active and pain-free lives, have the
most to gain.
Cary Groner is a freelance writer based in the San Francisco Bay
area.
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