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Guest Editorial
#1: Why Biomechanics Matter—
What Are the Clinical and Athletics Ramifications
By Paul DeVita, PhD

#2: Why National Biomechanics Day Is Necessary and How It Will Help With #1
We all strive for healthy
and happy lives, and
many of us are fortunate
to reach these goals.
For these people, living
in the physical world is
not a challenge but a pleasure. The world does
not overwhelm them; rather, it interacts and
plays with them in enjoyable ways. To quote
Walt Whitman, we “swim with the swimmers,
wrestle with the wrestlers, walk in line with the
firemen.” We experience the physical world and
revel in it. Sadly, for others with movement limitations, sometimes only modest but sometimes
severe, the physical world is a challenge or even
a threat to their health and happiness. Their
interactions with the world can be difficult or
nearly impossible and can cause harm and pain.
Through the experiment and the experience
that each of us represents, we are biology in
the physical world. We are biomechanics and
biomechanics is us in motion.
Healthier, more physically gifted people use
sound and effective biomechanics and negotiate
well around the world and those less healthy
and less gifted engage in imperfect and unsound
biomechanics, perhaps simply taking too long

to cross the street or perhaps even falling. Here,
I make the point that biomechanics is first not
a science or a tool, but is living beings in their
world—tapping their toe, waving their hand,
nodding their head. Through our biomechanical
sensations we feel the world and through our
biomechanical efforts we manipulate the world
and move within it. In this case, the more we
learn our personal biomechanics and our biomechanical capabilities, the more successfully we
live in and experience the world, the more we
overcome the world, and the less we are injured
by it. We may not conceptualize ourselves in
the world in this way, but we all seek to remain
healthy, physically capable to the best of our
abilities and so lead successful lives, to run with
the runners, bowl with the bowlers, and tennis
with the tennis-ers. Biomechanics is important
because physically, it is us. Understanding how
our bodies need to move properly can help us
stay healthy longer, and as the population ages,
that becomes a personal goal for each individual
and a public health goal for society.
Along with being biomechanical, many
people use biomechanics to enhance the lives
of others. Biomechanics is thus the underlying science for treating people with physical

ailments and limitations and also for improving
movement capacities in fully capable people.
Thus, biomechanics science is the basis for
medical rehabilitation and improving athletic
performance. Physical medicine is making great
strides in many areas, but today I highlight the
development and improvement of low-cost effective prostheses through biomechanics. Maria
Elizete Kunkel, PhD, is a Professor of Biomedical Engineering (Biomechanics) at the Federal
University of Sao Paulo (UNIFESP), Brazil, and
she is revolutionizing low-cost prosthetics using
3D printing. She and her work can be found on
many websites including her Facebook page.
Kunkle’s work is changing the lives of children
with limb loss throughout Brazil with printed
arm, forearm, and hand prostheses. Each prosthetic is designed and created for an individual
child and each prosthetic enables the child to
live more successfully and happily in the world.
The restored biomechanical hand-function is
remarkable in its dexterity and utility. Some of
these children have bilateral amputations and
so Kunkle’s prostheses with their remarkable
biomechanics are enabling these children to
successfully engage with the world around
them. Her biomechanics work is essential and

National Biomechanics Day • October 2020
National Biomechanics Day has had great success the past four years with few
adverse outcomes. Today however, we face as all others do, the pandemic of the
COVID-19 virus. While NBD is a worldwide event, it is uniquely also many individual
events of small and large groups. We have asked each site to consider the health and
safety of their participants and to cancel their current events and if possible, postpone
the event. We are now developing an October NBD that will enable us to safely celebrate and enjoy Biomechanics with young people.

Continued on page 10
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inspirational.
Biomechanics is also greatly influencing
athletic performance, much more so today
than ever before. Many commercial entities
offer biomechanical analyses to individuals,
teams, and sports leagues to improve athletes’
performances. Major League Baseball teams, for
example, are rapidly hiring biomechanists and
creating their own biomechanics facilities to improve their ballplayers and, of course, to win the
World Series! Today I highlight Sanford Sport
Science Institute (SSSI) and Lisa McFadden,
PhD, biomechanics sports scientist. Here we
have a private, commercial enterprise seeking
to use biomechanics to enhance performance of
athletes from a wide variety of sports. McFadden
uses state-of-the-art instruments to help National Football League players and Professional Golf
Association golfers, among others, achieve their
peak performance capabilities. Mirroring the
growth of biomechanics in baseball, there is a
growth of commercial business combining medicine and science to enhance athletes’ careers
as does SSSI. In the near future, I expect these
businesses of applied biomechanics to increase
in popularity and to widely offer their services
to high school athletes and even younger people
to help them not only improve their performance, but also to stay healthy and prevent that
post-traumatic osteoarthritis that can develop
decades after an ACL tear or other joint injury.
But young people can’t pursue biomechanics if they don’t know anything about it or that it

Students learn about using force plates for measuring movements and also about standing balance at
Rush University Medical Center.
years, we have already introduced biomechanics

be needed to create improved foot orthoses

to nearly 30,000 youngsters and we are only

and functional shoes for a variety of podiat-

getting started. We hope you’ll join us this

ric patients. For example, advancements in

year and continue to celebrate biomechanics

footwear needs of obese individuals and people

in coming years. NBD is a unique celebration

with diabetes rely on biomechanics scientists

because it provides a single, unified platform for

and practitioners. One could think any field

all biomechanists to jointly celebrate our field.

involving the interaction of people with the

NBD excites young people as they realize they

environment would benefit by enhancing its

are participating not in a local event but in a

biomechanics base. Automobile, furniture, and

whole earth event!

tool manufacturers will be more successful after

One could ask, do we really need more

including biomechanics as a basis to improve a

biomechanists, is the NBD goal worth pursuing?

person’s use of the vehicle, furniture, or tool. I

Of course the answer is an emphatic YES! We
need more biomechanists and we need both
more biomechanics scientists discovering new

will stop, well, maybe just pause here for now;
but I cannot stop in thinking that the continued
growth of biomechanics and its vast array of
applications will it to become the Breakthrough

even exists. And if we continue, as we currently

biomechanics knowledge and biomechanics

do, to only introduce biomechanics in college,

practitioners bringing this knowledge to people.

Science of the 21st Century!!!

then we run the risk of losing great young

Opportunities are expanding for biomechanist
researchers. Along with prosthetics, exoskel-

Paul DeVita, PhD, is Director of the Biomechan-

minds and all the creativity and drive they can
bring. My idea to enlighten young minds about

etons, and sports, biomechanists will find

biomechanics is…

employment in many new fields expanding our

National Biomechanics Day (NBD),

understanding of people interacting with the

ics Laboratory and Leroy T. Walker Distinguished Professor of Kinesiology at East Carolina
University in Greenville, North Carolina. He
is Past-President of the American Society of

sponsored by The Biomechanics Initiative

physical world. For example, dance science is

(thebiomechanicsinitiative.org) and now with

rapidly growing and needs people to help reduce

Initiative which hosts National Biomechanics

five years of celebrating all things biomechanics,

the injury rate throughout the dance world.

Day.

is designed to accelerate the growth and impact

Dance science is mostly movement science of

of a biomechanics philosophy, science, and ap-

dancers, i.e. their biomechanics. Orthopedics

[Editor’s note: LER has been a proud sponsor of

plication by introducing biomechanics to young

is highly reliant on modern biomechanists to

NBD since its inception.]

people, namely high school students. Through

improve fracture healing procedures including

NBD, we will awaken young people to biome-

both surgical treatment and casting techniques.

chanics and doubtless encourage an energetic

Podiatry will always rely on biomechanics

influx of people into this field. In just four short

of locomotion and more biomechanists will

1
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not? The difference is the amount of publicity they create. The good news
is: You can build your own media presence and we’ll show you how.
Think about the patient. How does the patient know
who is an expert and who is not? The only thing the
patient sees is who is on the news and who is quoted
in the newspaper or who comes up first on Google
or Twitter. Patients often assume the more publicity a
provider receives, the better provider they are. But we
know there are plenty of excellent providers who never
get quoted in the press. The patient doesn’t realize
that you may be as good as—if not better—than the
providers they see in the media. Is it time for you to
get noticed?
We know what you’re thinking: I don’t know how
to do that. True: Most healthcare professionals are
more focused on their work and less focused on their
marketing and public relations efforts.

Let’s look at how we can help you create the visibility
and exposure that you need to help grow your practice.
For 10 years, you have placed your trust and loyalty
in LER. Now it’s time to let us help you develop a
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for patient retention, patient satisfaction, and greater
patient referrals. Let our team of marketing, public
relations, and branding experts take your practice to
the next level.
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Visit www.lermagazine.com/expert to schedule
your strategy session.
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media so you can retain existing patients longer, generate more patient
referrals, and grow your practice to new levels.
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of your own custom- branded PDF magazine for
distribution to your patients.

AFO Configuration Can Improve
Efficacy of the Orthotic
Intervention on Gait Patterns in
CP Patients
By Keith Loria
Cerebral Palsy (CP) represents the most common cause of motor disability in childhood with dysfunctional gait being one of the main problems.
Early adoption of intervention programs adapted to the patient’s
functional limitation and disability represent the current standard of care;
therapeutic approaches include Ankle-Foot Orthoses (AFOs) for which
the evidence shows they influence spatio-temporal, kinematic, and kinetic
gait parameters, improving coordination, and reducing walking energy
cost.
Eugenio Di Stanislao, MS, with the I.T.O.P. SpA Officine Ortopediche in Rome, Italy, was part of a study designed to develop an
instrumented assessment protocol based on the use of magneto-inertial measurement units (MIMU), which could provide clinicians with
biomechanical parameters having a clinical relevance and supporting the
selection of a patient-specific AFO configuration, improving the efficacy
of the orthotic intervention on gait patterns.
In the study, “A wearable gait analysis protocol to support the choice
of the appropriate ankle-foot orthosis: A comparative assessment in children with Cerebral Palsy,” which appeared in Clinical Biomechanics, 10
children diagnosed with diplegic CP were selected and an observational
pre- and post-cross over design was adopted.

Figure. The ankle-foot orthosis used in the study showing the 2 configurations: hinged
AFO, which is hinged at the ankle joint to allow limited dorsi-flexion (full image); the
hinge can be clamped using the screw shown in the box to make it a solid AFO. Photo
courtesy of ITOP SpA Officine Ortopediche, Palestrina (Rome), Italy, who supplied the
orthosis for the study.

Eligibility criteria were: age from 3 to 12 years, functionally classified
as Gross Motor Function Classification System I or II; no history of focal

zation of gait.”
Subsequently, participants were instrumentally evaluated in 3

treatment with botulinum toxin A injection or orthopaedic surgery in
the previous six months; and cognitively able to understand the given

different conditions 20 days apart, in which the subjects wore ortho-

instructions. Observation took place in the Bambino Gesù Hospital in

ses during daily activities: walking barefoot and while walking with 2

Rome.

types of custom-made AFOs—a hinged AFO (hAFO) and a solid AFO

“In a preliminary session, a clinical evaluation was performed,

(sAFO) (see Figure), which allowed the tibia to move forward over the

analyzing strength, muscle tone, possible joint contractures, autonomy,

weight-bearing foot during stance, introducing a slight spring-controlled

and stability during gait and postural passages,” Di Stanislao told LER via

ankle dorsi-plantarflexion.

email. “The Observational Gait Scale was used for qualitative characteri-

“Specifically, for patients in crouch, only 5 plantar-flexion degrees

“…different AFO configurations have varying levels of
effectiveness dependent on the gait pattern of the lower
extremity kinematic impairment and gait domain of interest.”
Continued on page 14
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were allowed; conversely for patients with genu recurvatum associated
to a flat foot at initial contact, the hAFO allowed only 3 dorsi-flexion
degrees,” Di Stanislao explained. “Both configurations were accommodated in the same off-the-shelf shoe model, characterized by the same heel
height of 2 cm, extra-flexible, and shock-absorbing outsoles in microporous EVA, longer stiffeners and padded lining.”
The key findings of the study, he shared, highlight how different
AFO configurations have varying levels of effectiveness dependent on the
gait pattern of the lower extremity kinematic impairment and gait domain
of interest. While no common trend appeared evident among the resulting differences, few individuals displayed significant improvements after
sAFO prescription, others benefited more from the use of hAFO, whereas
the remaining 5 patients had similar effects for both orthotic solutions.
Di Stanislao said the proposed assessment protocol can increase
the clinical application and ecological validity of gait analysis, for the
following reasons:
• biomechanical parameters are measured through the use of sensors
(MIMUs)
• ease of protocol use
• rapidity of the evaluation
• overcoming of some laboratory setting limitations
• reduced equipment costs; and
• the protocol could easily be translated into a clinical orthotic practice
thanks to its affordable and practical approach.

iStockphoto.com #1158611911

“The clinicians integrated their qualitative observation with the
quantitative analysis deriving from the instrumental assessment, provid-

Keith Loria is a Washington, DC-based freelance writer.

ed to them as pictorial feedback using the radar plots,” he said. “So, the
proposed sensor-based assessment protocol represents a quantitative and

Source: Contini BG, Bergamini E, Alvini M, et al. A wearable gait analysis

useful tool to support patients’ assessment and selection of the most ap-

protocol to support the choice of the appropriate ankle-foot orthosis: A

propriate orthotic solution. Clinicians can use this integrated assessment

comparative assessment in children with Cerebral Palsy. Clin Biomech.

in the decision-making process with the result of either supporting the

2019;70:177-185.

initial decision or to reconsider the option for a different treatment.”

Negative-Pressure Wound
Therapy in Diabetic Foot Ulcers
Use of negative-pressure wound therapy (NPWT) is growing in the man-

note that NPWT is believed to enhance wound healing by physically
and biologically altering the wound bed to induce a cellular and tissue
response to shearing forces created by the sub-atmospheric environment.

agement of complex wounds as well as foot and ankle surgery. Research-

Diabetic and Neuropathic Foot Ulcers

ers from Rush University Medical Center in Chicago and Wake Forest

NPWT may preserve limbs in patients with diabetic or neuropathic foot

Baptist Health Center in North Carolina recently published a review of

ulcers by diminishing their size to allow subsequent coverage procedures.

the evidence for NPWT in Foot & Ankle International. Their findings

• Zhang et al (2014) performed a recent meta-analysis including 8

related to diabetic foot and neuropathic ulcers are excerpted here.
While its mechanism of action is not fully understood, NPWT is
thought to foster healing via changes in growth factor expression, microand macro-deformation, blood flow, exudate removal, and bacterial concentration within the wound bed (see Table). Furthermore, the authors

studies and 669 patients to determine the efficacy and safety of
NPWT for diabetic foot ulcers (Level II evidence). The use of NPWT
compared to treatment without NPWT had a relative risk (RR)
of 1.52 (95% confidence interval [CI] = 1.23-1.89; P < .001) for
Continued on page 16
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Table. Proposed Mechanisms of Action for Negative
Pressure Wound Therapy (NPWT)
Mechanism of Healing

PREMIUM CUSTOM ORTHOTICS

Description

Wound perfusion

Increases in angiogenesis secondary to creation of
hypoxic environment; increase in vessel burden

Growth factor
expression

Increases in transforming growth factor-beta and
pro-healing growth factors via biologic responses
imparted by NPWT

Macrodeformation

Shearing forces imposed on the tissue at the
wound edge by negative pressure at the woundfoam interface

Microdeformation

Interaction of tissue and foam material at the
microscopic level, resulting in numerous small
tissue reactions and granulation tissue formation

Decreased wound
exudate

Lower wound exudate burden decreases tissue
pressure, allows for increased perfusion, and
creates a more favorable wound microenvironment
for healing

Bacterial concentration

Decreased wound burden of bacteria

healing, a greater reduction in the area of the ulcer (standardized
mean difference = 0.89 cm2, 95% CI = 0.41-1.37; P = .003),
and a shorter time to heal (standardized mean difference = −1.1
months, 95% CI = −1.83 to −0.37; P = .003). NPWT resulted in
significantly fewer major amputations (RR = 0.14, 95% CI = 0.040.51; P =.003), but no significant difference in the rate of minor
amputations.

OTC ORTHOTICS

• Goudie et al (2012) reported on limb salvage through NPWT and
administration of recombinant platelet-derived growth factor after
partial calcanectomy for large (>4-cm) heel ulcers in diabetic
patients. Complete healing was achieved within 6 months in 20 of
21 patients, and the authors reported a limb salvage rate of 76% at 2
years (Level IV evidence).
• Stone et al (2011) reviewed the use of NPWT with resection
arthroplasty and external fixation for first metatarsophalangeal
(MTP) joint neuropathic ulcers (Level IV evidence). In all cases,
the wound was left open and NPWT was initiated on the second
day after surgery. At a median follow-up of 38 months, 6 patients
went on to amputation, while the remaining 10 had resolution of
their ulcer. The authors concluded that this approach was a safe and
effective alternative to amputation.
• In a small prospective case series, Nather et al (2010) found NPWT
decreased the size of foot ulcers between 18.4% and 41.7% and all
wounds healed, the majority with an additional procedure (Level IV

THE RICHIE BRACE®

evidence). Nine patients healed subsequently with split-thickness
skin grafting and 2 closed by secondary intention. Furthermore,

800.444.3632
www.alliedosilabs.com

all wounds achieved microbial clearance and complete wound
granulation at a mean of 33 days.
Poor limb or local perfusion may limit the success of NPWT.
• Clare et al (2002) concluded that NPWT was an acceptable option,
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but cautioned its use for ulcers in patients with severe peripheral
vascular disease (Level IV evidence; Hermans et al, 2013). Although
82% of the wounds in 17 patients healed successfully by a mean of
8.2 weeks, the authors reported the 3 patients who failed treatment
had severe peripheral vascular disease.
• Sundby et al (2016) reported on 4 patients with lower-leg ischemia
and complex leg ulcers managed with portable NPWT applied in
home (Level IV evidence). This device cycled a negative-pressure
wound environment by alternating closing or venting the system to
air. After 8 weeks, 1 ulcer healed whereas the other 3 had not. The
evidence supports the use of NPWT for diabetic and neuropathic
ulcers; however, the adequacy of perfusion to the limb or local
tissue must weigh in the decision to initiate treatment (grade B
recommendation).
While NPWT may be applied to an open or closed wound, the
authors caution that certain wounds and clinical circumstances may
respond differently to NPWT, require disparate plans of care, and have
dissimilar rates of infection or failure of treatment. They conclude that
further studies are needed to determine the effects and define the role of
NPWT in the management of foot and ankle wounds.
Source: Kunze KN, Hamid KS, Lee S, Halvorson JJ, Earhart JS, Bohl DD.
Negative-pressure wound therapy in foot and ankle surgery. Foot & Ankle
Int. 2019;Dec 13: 1071100719892962. doi: 10.1177/1071100719892962.
[Epub ahead of print] Copyright © 2019. Reprinted with permission from
SAGE Publications. All rights reserved.

Updated Treatment Guideline for
OA Published
By Laura Fonda Hochnadel

iStockphoto.com #855138004

The American College of Rheumatology (ACR) and the Arthritis Foundation (AF) partnered to update and publish the 2019 ACR/AF Guideline
for the Management of Osteoarthritis [OA] of the Hand, Hip and Knee.
Continued on page 19
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Table. Select Interventions for Osteoarthritis of the Knee and Hip

Intervention

Knee OA

Hip OA

Notes

Exercise

Strong

Strong

Walking is the most common form of aerobic exercise evaluated.
Studies have also examined group and stationary cycling,
strengthening exercises, and neuromuscular training. There is
Insufficient evidence to recommend one form of exercise over
another. Exercise programs are more effective if supervised, often
by physical therapists, and in a class setting.

Weight Loss

Strong

Strong

Changes in clinical and mechanistic outcomes can be associated
with a ≥ 5% reduction in weight.

Self-efficacy/Self-Management
Programs (previously conditional)

Strong

Strong

For example, multidisciplinary group-based sessions that include
skill building such as goal setting, problem solving, and positive
thinking. Sessions may be led by certified fitness instructors,
physical or occupational therapists, and physicians.

Tai Chi (previously conditional)

Strong

Strong

The physical effectiveness of Tai Chi has been evidenced in
improvements in strength, balance, and fall prevention.

Cane Use

Strong

Strong

Strongly recommended for patients in whom disease in one or
more joints causes a “sufficiently large impact” on ambulation, joint
stability, or pain.

Tibiofemoral Knee Brace

Strong

Strongly recommended for patients in whom disease in one or both
knees causes a “sufficiently large impact” on ambulation, joint
stability, or pain.

Last published in 2012, the updated guideline includes contributions

for both knee and hip OA. In the 2012 guideline, massage therapy was

to the literature since the last publication, and for the first time direct

conditionally recommended. Manual therapy with exercise is condition-

patient participation was incorporated.

ally recommended against over exercise alone in patients with knee and/

OA affects about 250 million people worldwide, including an
estimated 27 million Americans. It is the most common form of arthri-

or hip OA, while transcutaneous electrical nerve stimulation is strongly
recommended against in these two patient populations.

tis—most often affecting the knees, hips, and hands—and a leading

The guideline authors also note that patients are more apt to partic-

cause of disability in older adults. Women are more likely to be affected

ipate in and continue with exercise programs that meet their preferences;

than men. Risk factors include obesity, occupations that involve excessive

are accessible; and consider their values, comorbidities, and circumstanc-

joint loading, and repetitive trauma or joint injuries. Symptoms include

es. Supervised exercise or those coupled with self-efficacy, self-manage-

joint pain, stiffness, limited range of motion, and swelling, and they can

ment, and weight loss programs also lead to increased compliance and

be activity-dependent, intermittent, or persistent.

participation. According to the guideline authors, “optimal management

The following summary focuses on interventions for OA of the

requires a comprehensive, multimodal approach to treating patients…

knee and hip, with an emphasis on non-pharmacologic treatment.

offered in the context of shared decision making with patients, to choose

Treatment options that have received strong recommendations are

the safest and most effective treatment possible.”

noted in the table above.

To access the complete guideline, which includes pharmacologic

The 2019 guidelines include new conditional recommendations for

and surgical treatments, visit the ACR website at rheumatology.org/

OA interventions of both the knee and hip. These new conditional recom-

Practice-Quality/Clinical-Support/Clinical-Practice-Guidelines/Osteo-

mendations are balance exercises, yoga, cognitive behavioral therapy, and

arthritis.

radiofrequency ablation, along with kinesiotaping for knee OA. Conditional recommendations for OA treatment of both the knee and hip that
were included in the 2012 guideline include acupuncture and thermal
interventions, and patellofemoral braces for knee OA.
The update listed conditional recommendations against the use of
lateral and medial wedged insoles, modified shoes, and massage therapy

Laura Fonda Hochnadel is Associate Editor for LER.
Source: Kolasinski SL, Neogi T, Hochberg MC, et al. 2019 American College of Rheumatology/Arthritis Foundation guideline for the management
of osteoarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken).
2020;72(2):149-162.
Continued on page 20
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C VI D
CORONAVIRUS
DISEASE

19

What you need to know about
coronavirus disease 2019 (COVID-19)

What is coronavirus disease 2019 (COVID-19)?

What are severe complications from this virus?

Coronavirus disease 2019 (COVID-19) is a respiratory illness
that can spread from person to person. The virus that causes
COVID-19 is a novel coronavirus that was first identified during
an investigation into an outbreak in Wuhan, China.

Some patients have pneumonia in both lungs, multi-organ
failure and in some cases death.

Can people in the U.S. get COVID-19?

People can help protect themselves from respiratory illness with
everyday preventive actions.
• Avoid close contact with people who are sick.
• Avoid touching your eyes, nose, and mouth with
unwashed hands.
• Wash your hands often with soap and water for at least 20
seconds. Use an alcohol-based hand sanitizer that contains at
least 60% alcohol if soap and water are not available.

Yes. COVID-19 is spreading from person to person in parts of
the United States. Risk of infection with COVID-19 is higher
for people who are close contacts of someone known to have
COVID-19, for example healthcare workers, or household
members. Other people at higher risk for infection are those
who live in or have recently been in an area with ongoing spread
of COVID-19. Learn more about places with ongoing spread at
https://www.cdc.gov/coronavirus/2019-ncov/about/
transmission.html#geographic.

Have there been cases of COVID-19 in the U.S.?
Yes. The first case of COVID-19 in the United States was
reported on January 21, 2020. The current count of cases of
COVID-19 in the United States is available on CDC’s webpage at
https://www.cdc.gov/coronavirus/2019-ncov/cases-in-us.html.

How does COVID-19 spread?
The virus that causes COVID-19 probably emerged from an
animal source, but is now spreading from person to person.
The virus is thought to spread mainly between people who
are in close contact with one another (within about 6 feet)
through respiratory droplets produced when an infected
person coughs or sneezes. It also may be possible that a person
can get COVID-19 by touching a surface or object that has
the virus on it and then touching their own mouth, nose, or
possibly their eyes, but this is not thought to be the main
way the virus spreads. Learn what is known about the spread
of newly emerged coronaviruses at https://www.cdc.gov/
coronavirus/2019-ncov/about/transmission.html.

What are the symptoms of COVID-19?
Patients with COVID-19 have had mild to severe respiratory
illness with symptoms of
• fever
• cough
• shortness of breath

How can I help protect myself?

If you are sick, to keep from spreading respiratory illness
to others, you should
• Stay home when you are sick.
• Cover your cough or sneeze with a tissue, then throw the
tissue in the trash.
• Clean and disinfect frequently touched objects
and surfaces.

What should I do if I recently traveled from an area with
ongoing spread of COVID-19?
If you have traveled from an affected area, there may be
restrictions on your movements for up to 2 weeks. If you
develop symptoms during that period (fever, cough, trouble
breathing), seek medical advice. Call the office of your health
care provider before you go, and tell them about your travel and
your symptoms. They will give you instructions on how to get
care without exposing other people to your illness. While sick,
avoid contact with people, don’t go out and delay any travel to
reduce the possibility of spreading illness to others.

Is there a vaccine?
There is currently no vaccine to protect against COVID-19. The
best way to prevent infection is to take everyday preventive
actions, like avoiding close contact with people who are sick and
washing your hands often.

Is there a treatment?
There is no specific antiviral treatment for COVID-19.
People with COVID-19 can seek medical care to help
relieve symptoms.

For more information: www.cdc.gov/COVID19
CS 314937-A 03/03/2020
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Lower Extremity Noninvasive Vascular Testing Update
Peripheral arterial disease
may be a common finding
among those over 50, but
it remains underdiagnosed.
Choosing the right diagnostic
test is key.
By Brittany Mammano, DPM, PGY-1, and
Saba Sadra, DPM, MSc

Eight million men and women in the United
States have lower extremity peripheral arterial disease (PAD).1 PAD is a common finding
among patients over age 50, yet it is frequently

Figure 1. Algorithm for the noninvasive vascular laboratory workup of patients with suspected PAD. Please note that
because of variations in physician preferences, it is common to perform rest ABI,TBI, segmental pressure measurements,
and PVR in all patients with suspected PAD. ABI, ankle brachial index; CTA, computed tomography angiography; MRA,
magnetic resonance angiography; PAD, peripheral arterial disease; PVR, pulse-volume recording; TBI, toe brachial index;
US, ultrasound. Reprinted from McCann TE, Scoutt LM, Gunabushanam G. A practical approach to interpreting lower
extremity noninvasive physiologic studies. Radiol Clin North Am. 2014;52(6), 1343–1357. Copyright © 2014 by the authors;
permission for reuse provided by the lead author. Published by Elsevier Inc.

underdiagnosed. An understanding of the risk
factors, diagnostic techniques and treatment op-

et al, this includes both segmental pressures

ultrasound testing with color and pulsed wave

tions is essential for proper screening and care

and PVR testing. Duplex scanning refers to

Doppler has a high sensitivity (88%) and spec-

of affected individuals. Because even asymp-

an ultrasound scanning procedure recording

ificity (97%) in identifying stenoses of greater

tomatic individuals with PAD have an increased

both gray scale and Doppler information. This

than 50% in the lower extremity.3 Ultrasound

relative risk of death, screening of the at-risk

includes 2-dimensional structure and motion,

has the advantage of being inexpensive, widely

population should be considered to identify the

Doppler spectrum analysis, and color flow

available, and does not use contrast media or

disease and begin treatment (see Figure 1). Ear-

velocity mapping.

ionizing radiation; however, it may be limited in

ly intervention with lipid-lowering therapy and

3

Characteristic duplex ultrasound features

individuals with a large body habitus, lymph-

antiplatelet drugs may delay disease progression

of stenosis include elevated velocities, color

edema, lower extremity wounds, and those with

and prevent premature death from cardiovascu-

disturbance, spectral broadening, and post-ste-

extensive arteriosclerotic calcifications.2,5

lar causes.2

notic waveforms.3 Duplex ultrasound images the
entire arterial tree of the lower extremity, distin-

Ankle-Brachial Index (ABI)

indications, interpretations, and limitations of

guishing between occluded, stenotic, non-ste-

ABI is the easiest and most widely used

several types of noninvasive vascular testing for

notic, and aneurysmal segments. Additionally,

measurement of noninvasive arterial testing.6

This article will review general principles,

4

It is considered a first-line test by the American

peripheral arterial disease in the lower extremity.

Ultrasound
A standard vascular testing workup often
includes both duplex ultrasound and physiologic
evaluation. Physiologic testing or pulse-volume
recording (PVR), which will be discussed in a
later section of this review, evaluates the physiology of blood flow by evaluating flow pressures
and waveforms. According to Gerhard-Herman

Heart Association and is recommended for new

An ABI <0.9 is diagnostic for
PAD in patients with clinical
symptoms of claudication or
other signs of impaired blood
flow, with 95% sensitivity and
100% specificity

patients with suspected PAD.2,5 Given the high
incidence of PAD, many public health organizations are advocating screening in all patients
who have exertional leg symptoms, patients age
50 – 69 with cardiovascular risk factors, and all
patients older than age 70.7
Normal pulse wave reflection in healthy
individuals causes the ankle systolic pressure to
Continued on page 24
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be approximately 10% higher than the brachial

beneficial to patients as the digital arteries are

systolic pressure; therefore, a normal value is

much less likely to be affected by atherosclerotic

>1.0. An ABI <0.9 is diagnostic for PAD in

calcifications of the tunica media compared

patients with clinical symptoms of claudication

with arteries of the ankle. Current international

or other signs of impaired blood flow, with 95%

guidelines recommend TBI as an alternative

sensitivity and 100% specificity.7 An ABI result

screening test for PAD if ABI is elevated.7

1

Table 1. Ankle brachial index results
and associated PAD severity.
ABI Measurement

Interpretation

≥1.3

Abnormal calcification

≥1.0

Normal Value

0.9 – 0.99

Borderline PAD

The value of TBI is limited due to the lack

0.7 – 0.89

Mild PAD

calcification. Further details of ABI results and

of a well-established grading system to indicate

0.5 – 0.69

Moderate PAD

interpretations are listed in Table 1.

the presence of disease. A normal toe pressure

<0.5

Severe PAD with impending
gangrene

>1.3 is considered abnormal due to likely vessel

Given that many patients with PAD are

is listed as 80 – 90% of the brachial artery

underdiagnosed and the widespread use of ABI

pressure; therefore, a normal TBI is 0.8 – 0.9.8

as a screening test, it is important for the clini-

Establishing the presence of disease is not yet

cian to be aware of its limitations. Decreased

settled: currently, values of <0.6, <0.7, and

ABI does not correlate well with symptomatic

<0.75 have been documented in the literature

disease, and almost 50% of patients with an

as a cut-off for the presence of disease.8 A toe

ABI <0.9 are asymptomatic. Even patients with

pressure value lower than 30 mmHg or TBI

borderline PAD have a high incidence of mobil-

<0.2 is considered severely ischemic.7 A lower

ity loss. A 5-year follow up on the Walking and

TBI compared to a normal value correlates with

Leg Circulation Study found that patients with

decreased wound healing potential.

a borderline ABI result had a higher incidence
of losing the ability to walk for 6 continuous
minutes when compared to those with a normal
ABI.1
Most vascular guidelines do not recommend ABI as a stand-alone test. Patients with
diabetes or chronic renal failure often have
calcified vessels, which often falsely elevates
ankle pressure readings. In patients who have
normal results on their ABI but are clinically
suspected of having PAD, an exercise ABI test is
recommended. This test allows the clinician to
5

quantify the patient’s walking impairment and
assess their functional disability. This also can
6

provide an assessment of whether the suspected claudication-like symptoms are caused by
arterial insufficiency versus musculoskeletal or
neurologic pain.5
An abnormal ABI alone is not a reliable
predictor of vessel disease magnitude, extent,
or location. Additional noninvasive physiologic
studies are recommended, including segmental

as it is calculated by dividing blood pressure
measured in the hallux or second digit by the
systolic brachial blood pressure. This test is
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The quality of the segmental pressure measurement is limited to technician experience, as
small errors in cuff sizing will falsely elevate or
lower the resulting pressure readings. Additionally, similar to the ABI limitation, arteries
may be incompressible due to the presence of
calcified plaque.2 Other limitations include difficulty interpreting results due to lower extremity

Systolic blood pressure measurements at var-

Pulse Volume Recording
(PVR)

ious points in the lower extremity can provide
useful information in the assessment of PAD.
A cuff is inflated to a pressure above systolic
blood pressure and then slowly deflated while
a Doppler device is used to detect blood flow
in the distal vessels.4 In a healthy individual,
blood pressures increase slightly as one moves
distally within a limb. Normal pressure variation
between limb segments should be no more than
20 – 30 mmHg.7 A complete arterial occlusion
will be indicated by a gradient ≥ 40 mmHg.
A benefit of this type of testing is that a
clinician may be able to specify an abnormal
arterial segment within the lower extremity.
The diagnostic accuracy of segmental pressure
measurements to detect an abnormal arterial
segment (between aortoiliac, femoropopliteal,

edema and obesity.4

The PVR assessment is a pneumo-plethysmographic test used for detection of segmental
volume changes. Pneumatic cuffs are placed at
multiple levels along an extremity and are inflated to a standardized pressure of 65 mmHg.2
The inflation pressure allows for venous outflow
occlusion and an isolated evaluation of arterial
pressure waveform.4 One benefit of utilizing
this modality is that PVR is not significantly
affected by arterial calcifications.10 A normal
pulse wave is characterized by a steep upslope,
a narrow peak, the presence of a dicrotic notch
in the downslope, and a concave downslope (see
Figure 2).2 In the presence of proximal arterial
stenosis or occlusion, usually the first observed
change on PVR is loss of the dicrotic notch. As
disease progresses, the amplitude of the pulse

Doppler waveforms.7

The toe brachial index (TBI) is similar to ABI

predictive value of 96%.9

Segmental Pressure
Measurements

arterial pressures, pulse volume recordings, and

Toe Brachial Index (TBI)

and popliteal-tibial) is 87%, with a positive

Research shows that PVR
and ABI together improve
diagnostic accuracy for PAD
compared to ABI alone.
lermagazine.com

wave decreases. An amplitude of <5 mm from
trough to peak has been used as a criterion for
diagnosing vascular claudication.7
Research shows that PVR and ABI
together improve diagnostic accuracy for PAD
compared to ABI alone.10Lewis et al reported
Continued on page 27
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PVR with 97% sensitivity and 81% specificity.11

tion, and consistent accurate results may be

When PVR was combined with ABI, sensitivity

limited by technician experience. TcPO2 has a

for PAD went up to 100% and overall accuracy

sensitivity of 77% at rest; however, following ex-

went up to 85%.

ercise, sensitivity has been reported to increase

Additionally, PVR can be used to help
determine acute versus chronic occlusive dis-

to 100%.13
Another use of TcPO2 testing is as ad-

ease. PVR testing in combination with Doppler

junctive testing to hyperbaric oxygen therapy

waveforms can help diagnose chronicity of

(HBOT). A prospective randomized controlled

arterial disease. In chronic occlusive disease,

trial by Sarbjot et al found a positive correlation

the body will compensate and develop collateral

between TcPO2 values and various markers

arterial blood supply. This can result in a PVR

of wound healing. Values ≤40mmHg were

waveform that may be relatively preserved

associated with poor wound healing.17 This

compared with the Doppler waveform. In acute

study concluded periwound TcPO2 values may

thrombosis, both Doppler and PVR waveforms

be used as a predictor of response to HBOT

7

are absent or decreased.
There are many factors that modify and
may confound accurate measurements of systolic pressure, including stroke volume, vessel wall
elasticity, presence of collateral vascular beds,
arteriovenous shunts, vasoconstriction or vasodilation of small arteries and arterioles, and size
or positioning of the limb.2 One shortcoming of
PVR testing is the subjective evaluation made
by the observer: results may be less reliable with
an inexperienced technician.10

and have a positive correlation with respect to
wound healing.17

Skin Perfusion Pressures
Skin perfusion pressure (SPP) utilizes a laser
Doppler and pressure cuff to assess reactive
hyperemia. Normal values are >40 mmHg
and considered non-ischemic. A pressure in
the range of 30 – 40 mmHg is considered

however, is that data is only provided on the

marginal ischemia. A pressure <30 mmHg

specific area of skin under the sensor; multiple

indicates more severe ischemia, making wound

separate readings are needed to have a greater

healing unlikely.13 In a retrospective review of

perspective of a limb’s vascularity.

Transcutaneous Oxygen
Pressure (TcPO2)

clinical reliability and utility of skin perfusion

Transcutaneous oxygen pressure is a noninvasive technique that can detect excess oxygen diffusion from red blood cells as they pass through
capillary circulation. The measurement allows

Figure 2. Schematic diagram showing the changes in pulsevolume recording waveforms with increasing severity of
stenosis. Loss of the dicrotic notch is often the first observed
sign. With further increase in stenosis severity, there is a
progressive flattening of the waveforms, an increase in the
time to peak, and the downslope becomes bowed away
from the baseline. Reprinted from McCann TE, Scoutt LM,
Gunabushanam G. A practical approach to interpreting lower
extremity noninvasive physiologic studies. Radiol Clin North
Am. 2014;52(6), 1343–1357. Copyright © 2014 by the
authors; permission for reuse provided by the lead author.
Published by Elsevier Inc.

pressures in ischemic limbs compared with ABI,

Hyperspectral Imaging

TBI, and TcPO2, Yamada et al found an SPP of

Newer technologies have been proposed in eval-

40 mmHg to have a 72% sensitivity and 88%

uating lower extremity blood flow. Hyperspec-

specificity for wound healing. SPP can be used

tral imaging combines spectroscopy and imaging

in patients with lower extremity edema, and no

and is considered an advance of traditional

18

skin warming or other preparation is needed.

for specific analysis of oxygen delivery and

near-infrared spectroscopy. Various devices are

No calibration is needed to complete the test,

consumption on regional areas before, during,

available that calculate tissue oxygen saturation

and it is faster than TcPO2.13 One shortcoming,

from the absorption of infrared light at multiple

and after exercise.6 This type of testing would

wavelengths.6 In hyperspectral imaging the level

best be used in patients suffering from clinically
atypical claudication symptoms, or if other noninvasive vascular testing has been inconclusive.12
Normal TcPO2 limb values are 50 – 60 mmHg;
pressures ≤20 mmHg usually are accompanied
by rest pain, ischemic ulcers, or gangrene.13
TcPO2 is not affected by calcification of the
tunica media, indicating its usefulness in patients with diabetes and renal disease.14 Patient
positioning, an examiner’s choice in probe, and
probe placement can all skew results of TcPO2
testing.6 Additionally, it can be time consuming
to obtain pressure measurements with calibra-

The diagnostic accuracy
of segmental pressure
measurements to detect an
abnormal arterial segment
(between aortoiliac,
femoropopliteal, and
popliteal-tibial) is 87%,
with a positive predictive
value of 96%.
lermagazine.com

of oxyhemoglobin (indicating oxygen delivery) is
compared with deoxyhemoglobin (representing
oxygen extraction). Data is then compared and
a color scan is created which colorizes an image
to depict the varying levels of oxygenation (see
Figure 3).13 As no skin contact is required, this
technology is noninvasive, is easy to use, and
produces fast results. Sumpio et al reported
it can detect changes in microcirculation in
patients with diabetes and can predict healing
of foot ulcers with a sensitivity of 86% and
specificity of 88%.15 At this time, the technology
Continued on page 28
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is limited with few published studies validating
its use in a clinical setting.

Computed Tomography
Angiography (CTA) and
Magnetic Resonance
Angiography (MRA)
Detailed characterization of PAD can be
performed with noninvasive angiography using
CTA or MRA.16 Advances in both CTA and
MRA provide a high resolution, 3-dimensional
map of the patient’s peripheral arterial tree.
The use of MRA has grown in recent years
with the development of multi-detector scanners
and the ability to obtain multiple cross-sectional
images with faster acquisition times. Collins
et al performed a meta-analysis comparing contrast-enhanced magnetic resonance
imaging (MRI), duplex sonography, and CTA
and showed superior sensitivity and specificity with MRA for the detection of lesions of
>50% stenosis.19 However, MRI still has some
limitations such as prolonged acquisition times,
limited availability of advanced MRI sequences
and technology, and cost.16 Another drawback to
MRA is a risk of nephrogenic systemic fibrosis
which is caused by the gadolinium contrast

Figure 3. Assessment of plantar angiosome perfusion utilizing hyperspectral imaging. The visual, integrated
oxyhemoglobin-deoxyhemoglobin, and only deoxyhemoglobin hyperspectral images are shown of the plantar
meta- tarsal angiosome for a foot with no PAD (left) and a foot with PAD (right). The foot with PAD demonstrates
substantially decreased oxyhemoglobin and deoxyhemoglobin values throughout the angiosome. Reproduced with
permission from Sumpio BE, Forsythe RO, Ziegler KR, Baal JGV, Lepantalo MJ, Hinchliffe RJ. Clinical implications
of the angiosome model in peripheral vascular disease. J Vasc Surg. 2013; 58(3):814–826. Copyright © 2013
Society for Vascular Surgery. Published by Elsevier Inc. All rights reserved.

Take Home Points:
• PAD affects a large portion of the

media.5

population of the United States and early

Computed tomography angiography

identification not only allows treatment of

has excellent spatial resolution compared to

PAD but also modification of risk factors

duplex sonography. Several small studies of

associated with cardiovascular disease.

multi-detector CT scanning for PAD have

• There is no clear-cut algorithm in the

shown high sensitivities (89% to 100%) and

al2 as a framework (see Figure 1). Many
institutions vary in standard testing
offered in terms of available equipment
and technicians. Consequently, financial
cost and the time required for testing
contributes to differences of care in the
workup of PAD.
• Low ABI values (<0.9) along with clinical

specificities (92% to 100%) for lesions with

existing literature with a proven method

>50% stenosis.20 Limitations of CTA include

for the workup of PAD with the available

issues regarding post-processing of raw data or

noninvasive studies; we provide the

(>0.9) is unreliable in the diagnosis or

visual limitations with artery calcifications that

suggested algorithm from McCann et

in ruling out PAD, especially in diabetic

in patients with renal disease, as the use of
iodinated contrast media can be nephrotoxic.

2

Current research continues to advance the
goals in PAD screening and diagnosis with enhanced imaging by improving spatial resolution,
limiting contrast use, and obtaining accurate
dynamic data of blood flow.
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PAD. However, a “normal” ABI result

patients.

can lead to significant artifacts. Plus, CTA is
16

relatively expensive. The use of CTA is limited

indications is positive for a diagnosis of

Normal TcPO2 limb values
are 50 – 60 mmHg;
pressures ≤20 mmHg
usually are accompanied by
rest pain, ischemic ulcers, or
gangrene.

• TBI may be helpful as a secondary test for
PAD, but evidence for TBI as a stand-alone
diagnostic test is low.
• Segmental artery pressures may be helpful
for determining a segment of the lower
extremity that is affected by disease.
However, the test is limited by possible
Continued on page 30
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false elevations due to arterial calcification.

with functional decline at 5-year follow-up.

crets. 7th ed. Philadelphia, PA: Elsevier, Inc.

Assessing results can also be difficult in
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2017:359–364.
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edema.
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Injury Prevention Keeps
Dancers on Their Toes
Unique partnership between University Hospitals’ Sports Medicine
Team and the Cleveland Ballet focuses on performer preparation to
avoid long-term problems.
By Douglas J. Guth
Efficient movement in ballet is easy to recognize, as ev-

between the University Hospitals’ (UH) Sports Medicine

ery step the dancer takes flows seamlessly into the next,

team and the Cleveland Ballet provides an innovative

representing a perfect balance of muscular engagement

approach to reduce injury and drive peak performance in

and release.

dancers. Launched in the summer of 2019, the endeavor

Anyone around ballet, however, knows the art

focuses on long-term injury prevention to make foot

form’s outward beauty can overshadow the stress it

stress fractures, hip arthroscopies, and other conditions

puts on the body, particularly the lower extremities.

related to dance less of a common occurrence.

Just utilizing a common en pointe technique–where a

“It was so important for us to create a program that

performer’s feet are completely extended and supporting

takes care of the body as a tool,” said Gladisa Guadalupe,

her body weight–can cause foot, shin, and ankle pain,

artistic director of the Cleveland Ballet. “It’s about pre-

leading to injury and even long-term damage.

venting injuries in an art form we need to think about as

A recently inked partnership in Cleveland, Ohio,

a sport because of the wear and tear and all the repetitive
Continued on page 34

Photos are courtesy of the University Hospitals of Cleveland.
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University Hospitals Sports Medicine trainers provide on-site care for the dancers back stage and in practice
sessions at the studios of the Cleveland Ballet. Photo courtesy of the University Hospitals of Cleveland.

movements dancers are doing.”

health, nutrition, foot and ankle care, and hip

said cumulative stress from constant pushing

arthroscopy and cartilage restoration. Although

off and landing often leads to tendonitis among

surgeon and head of the Sports Medicine team,

it may not be obvious to most observers, ballet

performers. Continued loading of the tendon

the project presents the same preventative

dancers suffer the same musculoskeletal, hip,

above what it can sustain may then result

services to dancers the hospital system already

patella, and ankle injuries that sideline other

in tendinopathy, where scar tissue and bone

offers as medical provider for 2 of the city’s

athletes.

deposits form in the tendon. With tendinopathy,

Led by James Voos, MD, an orthopedic

professional sports teams, the Cleveland Browns

“Ballet requires a significant amount of

the tendon loses flexibility, putting dancers at

(National Football League) and Cleveland

physical prowess and athleticism that delivers

risk of recurrent tendonitis, partial tearing, and

Monsters (American Hockey League). To that

the same acrobatics and agility displayed by

even rupture. Damage over time can also lead to

end, the partnership takes a 3-pronged approach

other professional athletes. Their preparation is

muscle weakness, affecting foot balance, pushoff

to dancer care, integrating performer evalua-

really quite similar in intensity and difficulty,”

strength, and leg endurance.

tions, wellness initiatives, and injury prevention

said Michael Krasnyansky, president and CEO

“The tendons involved particularly in

techniques.

of the Cleveland Ballet, when announcing the

dance injuries are the Achilles tendon, posterior

partnership. “Professional dancers put in just as

tibial tendon, and flexor hallucis longus,” said

many hours training and practicing.”

Miskovsky. “We would like to catch tendonitis

“We want to keep all of our athletes
healthy for the length of their careers and

early with treatment and activity modification to

beyond,” said Voss. “Most ballerinas are done

As an ex-performer herself, UH dance

professionally in their 30s, so we look at them

rehabilitation specialist Anna Cerveny PT, DPT,

allow tendons to heal properly before onset of

the same as gymnasts and others whose careers

understands the rigors of daily ballet training,

tendinopathy.”

peak at a young age. The challenge is to keep

when a typical dancer might execute 200 jumps

them dancing not only as professionals, but as

per class. Repetitive movements can result in

ers who dance on tiptoes (en pointe) have an

something they can enjoy for the rest of their

chronic overuse injuries, typically tendonitis

extreme range of motion in their plantar flexors,

lives.”

of the Achilles or flexor hallucis longus (FHL),

constantly putting weight on the toes can

which effects the FHL tendon originating from

contribute to a variety of ankle impingements.

the calf muscle and coursing along the instep of

Repetitive plantarflexion movements–specifically

the ankle and foot.

the en pointe and ankle plantarflexed position–

The Rigors of Training
2019–2020 marks the first season the ballet is
working with UH, with an understanding from

“Those tendons are used in pointing the

both sides that while it takes months to rehearse

foot over and over again,” said Cerveny. “Plus

for a production, it takes years for dancers to

you’re using the same muscles when you go to

train their bodies for ballet. UH clinicians caring

jump.”

for the Cleveland Ballet’s dancers bring expertise
in a spectrum of specialties, including sports
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Additionally, while female ballet danc-

may cause pinching of the talus between the
tibia and calcaneus.
Dancers with an os trigonum–an extra
bone attached by partial bone bridging or

Shana Miskovsky , MD, a UH orthopedic
sports medicine and foot and ankle specialist,

lermagazine.com

fibrous tissue to the talus–face their own unique
Continued on page 37
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University Hospitals Sports Medicine physicians are on-hand at every rehearsal to attend to the orthopedic
needs of the Cleveland Ballet dancers. Photo courtesy of the University Hospitals of Cleveland.

problems, noted Miskovsky. With repetitive

sive screening of each performer. The Cleveland

absorb the shock. Dancers in the Cleveland Bal-

plantarflexion, the connecting bone or tissue is

Ballet consists of 25 dancers–as well as 4

let are tested for this movement alongside take-

disrupted, causing impingement due to abnor-

artists-in-residence and 7 trainees–hailing from

offs and landings on jumps. UH also analyzes

mal motion of the extra bone fragment.

the U.S., Cuba, Puerto Rico, Japan, Columbia,

trunk control and lower extremity alignment in

Brazil, China, Belgium, France, and Italy. Per

the airplane position, where a dancer stands on

dancers don’t provide the necessary cushion for

partnership parameters, UH clinicians evaluated

one leg with their arms in a horizontal position.

powerful dance movements, Miskovsky said.

the movement and flexibility of every performer

Participants who demonstrate, for example, a

The tips of the shoes are made from layers of

at the start of the 2019–2020 season.

pelvic drop or foot pronation may receive addi-

Pointe shoes worn by classical ballet

densely packed fabric supported by cardboard

During her first days on site, UH’s Cerveny

or hardened paper. Dancers sometimes place

observed dancer movement patterns for the

lamb’s wool or other soft material in the shoe,

kind of overuse injuries she’d seen as a physical

increasing comfort ideally bolstered by the

therapist working with Broadway shows in

strength they’ve developed in their legs, feet,

New York. Cerveny and her colleagues assessed

and ankles from years of training.

the strength of the dancers’ muscle groups in

“Ballet dancers go barefoot or have foot-

plié, an essential dance technique that acts as

wear with minimal shock absorption,” said Mis-

a springboard for many jumps and turns. A

kovsky. “In some ways they’re more challenging

correct and functional plié is also necessary for

to take care of than traditional athletes, because

smooth transitions between movements, helping

performances, aesthetics, and routines all can

provide proper cushioning for dancers when

vary. The public doesn’t see dancers struggle

landing from jumps.

because they’re so good. It’s the strength in their
core, body control, and posture.”

Offer Preventative Measures
As official medical provider for the Cleveland

As ballet places high stress on the dancer’s
body and influences mobility of the lower limb
joints, UH therapists concentrate on gait patterns, Cerveny noted.
In plié, a performer bends at the knees,

Ballet, Voos and his team put together a preven-

with the movement often seen before and after

tative program that begins with a comprehen-

more advanced steps to help load the muscles or

lermagazine.com

tional training that counterbalances what they’re
learning in rehearsal.
“If someone’s hip is clicking, that’s not an
injury, but we’ll evaluate what we think is going
on, as it might just be an imbalance where
they’re not rotating their hips enough,” said
Cerveny. “Often dancers are running the same
pieces over and over, and so they’re working the
same muscles on one side and not the other.
We’ll send them home with an exercise that
uses opposing muscles to give overused muscles
a break.”
The program works with younger trainees
who may not be as mindful of body upkeep as
their older colleagues. Therapists use injury
prevention modalities–from deep-tissue manual
therapies to various stretching techniques–and
monitor menstruation cycles among the female
dancers for signs of early bone loss. Though UH
Continued from page 38
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doesn’t have an official gait-testing lab, program

them accordingly.

officials do look closely at balance and flexibility.

Taping an affected area has its own limits,

“We were seeing a void in the care of these

given that a swatch of tape on an ankle is going

athletes,” said Voos. “It’s about raising awareness

to stand out at showtime. Leukotape is discreet-

for preventative care, and ballet is a great place

ly skin toned, but may be too constrictive for use

to start. For a dancer’s balance and flexibility, we

on a regular basis.

want to find out if one leg is stronger than the

“Instead of a knee brace, we’ll use different

other. We’ll look at asymmetries from side-to-

modalities to see if it’s safe for a dancer to

side. Then if someone has chronic ankle sprains

perform, or if they need to get an injury treated,”

or other problems, we’ll see what we can do to

said Voos. “Our artists are tough; they have a

prevent those imbalances.”

desire to perform through significant injuries.

Heat of the Moment
The truly unique aspect of the partnership is
that while an ounce of injury prevention may

Our job is to make sure the dancers are able to
perform at a level they’re safe and comfortable
with.”
forces, aka the biomechanics, affecting a dancer

be worth a pound of cure, Voos’ team is ready

Toward a Healthy Future

to treat performers “in the moment” should the

UH’s partnership with the Cleveland Ballet con-

special software, UH therapists could study

need arise.

tinues to flourish, with easy access to treatment

symmetry and range of motion, ostensibly

the most notable outcome so far, observed Voos.

giving dancers more opportunities to receive

At showings of holiday favorite The Nutcracker at Cleveland’s historic Hanna Theatre,

“For me, that’s the No. 1 item that shows

could play a future role in the program. Using

preventative care.

UH therapists were on-site to assess and treat

we’re doing the right thing,” he said. “The danc-

any untimely sprain or strain. Stretching, icing,

ers love having a therapist here [at rehearsals

growing facets of the UH screening process. Ac-

and various muscle activation techniques are all

and performances]. If they have an injury,

cording to Miskovsky, a key to dancer self-care

in play mid-performance, just as if a member of

they know it’s going to be acknowledged and

is taking time out to eat, be it small snacks or

the Browns came to the sideline with a rolled

addressed.”

regular meals in the “golden hour” after training

ankle or sore hamstring during a game.
Miskovsky, the UH foot and ankle special-

Having a team of experts on call motivates
dancers to speak up about potential problems

Nutrition and sleep management are

when muscles absorb nutrients and glycogen is
replaced most efficiently.

ist, said a simple resistance band can be utilized

early on, rather than riding out discomfort

between numbers to work out muscle tightness.

that might later turn into a serious injury. The

performers follow up with an x-ray, a nutri-

expense of outside physical therapy is another

tionist, or our sleep medicine department,” said

and do controlled high kick movement, which

deterrent performers no longer have to worry

Miskovsky. “If pain starts to develop, the dancer

is just like dynamic stretching, but they’re also

about.

can contact one of our care coordinators to get

“Dancers can wrap a band on their foot

working out the muscle,” Miskovsky said. “They

“There’s a stigma to being injured; it’s

can bend their knee slightly and increase stress

not something dancers want to admit because

by pulling the band tighter, and use controlled

they might lose their role,” said Cerveny. “Our

up-and-down movements.”

program is giving them peace of mind.”

On-site tweaks may require soft-tissue

Elias Re, who performed during the recent

mobilization via an intervention like the Graston

run of The Nutcracker, has changed his pre-

Technique, a form of manual therapy harnessing

show routine thanks to UH interventions. With

stainless steel tools to find and release adhe-

help from a backstage physical therapist, Re

sions in the muscles.

stretches his ankle with a resistance band, or

UH does not recommend orthotics for
performances. While the device can assist in

gets a muscle-activating massage.
“It helped me when I was having a problem

creating a more optimal loading pattern for the

with my shin,” Re said of the program. “I was

foot during a dance routine, it’s not going to fit

taking Advil all the time. Now I’m doing these

in a pointe shoe or ballet slipper. Braces are a

exercises regularly.”

“We’ll identify any issues and have

them to the right person for evaluation and
treatment.”
Ultimately, treating dancers as athletes
will change the paradigm within dance culture
where injury prevention has a real chance to
lengthen careers, said the Cleveland Ballet
director Guadalupe.
“Our measure of success is providing artists the tools to understand their limitations and
assets, and prolong their time in this art form,”
Guadalupe said. “We’re in the baby steps right
now, but we’ve hit the ground running because
of the knowledge Dr. Voos and his staff have
brought to us.”

no-go, too, as they impractically limit motion

The collaboration’s strong start doesn’t

in performers. But dancers who require them

exclude it from ongoing improvement. Voos

Douglas Guth is a freelance writer in Cleveland,

for everyday use are actively encouraged to use

said an examination of the internal and external

Ohio.
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CLINICAL PERSPECTIVE

Assessing Relaxed Standing Alignment and Posture in
Autism Spectrum Disorder
Use the scale provided here to help you assess standing
posture, including the nature and extent of deviation from
normal, in children with a developmental disability.
By DALIA ZWICK, PT, PHD

various body parts which may be considered

Proper standing alignment requires that

as faulty and which could stretch the spectrum

muscles, bones, and joints are in correct
relation to each other, creating elongation and
symmetry while counteracting the detrimen-

from the non-perfect to pathological posture. It
is postulated that poor posture can produce an
increased strain on the supporting structures

tal force of gravity (see Figure 1).1 Stability in

and less-efficient balance of the body over its

active standing with proper alignment requires

base of support”6 (see Figure 3).

intact neuromotor control, which is disrupted

A number of physiotherapists in the

in the presence of neuromotor impairment—a

United Kingdom followed the pioneering

problem for many children who have autism

work of Pauline Pope,7 Noreen Hare,8 and Liz

spectrum disorder (ASD).

Goldsmith who recognized the fundamental

A

B

9

2,3

Children with ASD have a diminished

importance of learning to secure and stabilize

perception of their body movement and postural

posture’s base of support when standing, sitting,

orientation; as a result, they often sit, stand, and

and lying as a prerequisite of functional activity.

walk with postural impairment. Studies of the

To educate caregivers and therapists about this

postural profile of children with ASD report a

idea, Pope and Hare advocated for analysis of

deviation from the typical age-matched popula-

the body’s ability, in regard to shape or posture.

tion in regard to kyphosis, lumbar scoliosis, and

They helped design a therapeutic intervention

genu valgum.5 This article provides a review of

based on the need to oppose forces of gravity

how to observe and record standing posture in

by providing support to the body to stay in an

patients with ASD.

elongated, symmetrical supporting surface. The

4

Studies of posture in patients with ASD

idea was the groundwork for development of

Figure 1. Proper posture: a) front view; b) side view.
environment. “Postural ability” refers to controlling and stabilizing body segments relative
to each other and to the supporting surface, in
passive and active conditions.7
The Posture and Postural Ability Scale is
proposed to be an aid in assessing the standing
posture of children with ASD. A narrative report
can be added to each item to make clear the
nature and extent of the deviation in posture

focus mostly on postural control and sway, not

the Physical Ability Scale by researchers such

on the shape of posture itself. The design of

as Teresa Pountney10 at the Chailey Heritage

from normal (again, see the Table).

these studies is such that subject selection often

School (East Sussex, United Kingdom), which is

lacks information about the presence or absence

now the Posture and Postural Ability Scale (see

of abnormalities in the shape of posture. This

the Table, page 46).8

Issues and Evaluation of
Asymmetrical Posture

is regrettable, because leg-length discrepancy

“Posture” and “postural ability” are terms

Standing when the heels are raised, known as

(LLD), scoliosis, and kyphosis are important

related to, but different from, “postural control.”

“toe-walking,” although associated with ASD

variables in postural control (see Figure 2).

Postural control correlates with balance, and

in some patients, is beyond the scope of this

is the ability to maintain equilibrium and

article, which focuses on asymmetries of body

Focus Is on Posture, Which
Differs From Postural Control

orientation in a gravitational environment.11 The

shape that contribute to abnormal standing pos-

Posture and Postural Ability Scale was further

ture and are often associated with impairments

“Abnormal posture” is described as a treatment

developed in the United Kingdom, and tested

in the ankle, knee, hip, and back.

diagnosis, coded as R29.3 in the International

for validity in Sweden, to assess the posture of

Classification of Diseases, 10th Revision, Clinical

children with a developmental disability.1 On

Modification (ICD-10-CM). Abnormal or poor

this scale, “posture” relates to the shape and

posture is described as “a relationship between

gesture of the body and its relationship to the

Here is how adults with ASD have described their “awkward” posture12,13:
• “I have bad posture and I try very hard to
Continued on page 42
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abductus valgus—phenomena that are not
well-reported in medical literature (see Figure
5). The description of Trendelenburg’s sign15
fits this presentation, although the underlying
diagnosis for this sign is reported as pain or
weakness. And Trendelenburg’s sign is often
associated with walking as opposed to standing.
An interesting depiction of standing
upright with one leg engaged and the other
flexed and relaxed is common in the visual arts
(painting and sculpture). There, the term contrapposto is often used to describe asymmetry in
modeling:
A

B

It [contrapposto] is used in the visual arts to
describe a human figure standing with most of
its weight on one foot so that its shoulders and

Figure 2. Abnormal posture: a) front view; b) side view.

arms twist off-axis from the hips and legs in the
axial plane. In the frontal plane this also results in

hide or minimize it.”

Figure 3. Poor posture increases strain on supporting structures and compromises balance.

opposite levels of shoulders and hips, for example: if
the right hip is higher than the left; correspondingly

lems, to improve symmetry in standing posture.

leg longer than the other which means one

the right shoulder will be lower than the left, and

Iyengar yoga considers standing postures to be

hip is a bit higher than the other.”

vice versa.

the foundation of other yoga asanas (postures).

Indeed, a frequent treatment diagnosis of

Patients with ASD who have reduced

• “I have a bad slouch/hump-back and one

14

patients who have been referred to our pros-

neuromotor postural control tend to stay in the

thetic and orthotics clinic are abnormal posture,

asymmetric posture of contrapposto, unknow-

ankle instability, and LLD.

ingly neglecting the sensory signal of pain or

Practicing standing poses, such as a tree or
mountain pose, and even wide-legged standing
with foot/ankle in neural position with big toe
pointing forward teaches the student–patient

discomfort. They often stay in this asymmetrical

to engage gravity by working on awareness in

ASD, we often note kyphosis, scoliosis, and

posture, shifting weight onto one leg—habitu-

active symmetrical standing with contracting

asymmetrical foot deformities (see Figure 4).

ally, the preferred leg. Short-term consequences

muscles of lower extremities in extension,

Furthermore, we observe that some patients

of this asymmetric posture include behavioral

abduction, adduction, and rotation.16

sway and place more of their center of mass on

issues; fatigue; awkwardness; clumsiness of one

a single leg. We observe standing posture while

or both feet; and instability of the ankle, knee,

talking to the patient or caregiver and in some

hip or spine. Long-term effects are hip migra-

cases, we direct him or her to stand upright in

tion or dislocation, LLD, and, at a later stage,

place or near a wall.

reduction in or loss of the ability to walk.

When visually assessing patients with

As part of assessment, we draw and make

body weight (known as “engaged leg”14). We

Yoga, Physical Therapy,
and Orthotics in the
Management Plan

observe that some patients prefer to stand by

In assessing the standing posture of patients

shifting weight on a single leg when standing;

with a development disability, it becomes clear

some shift weight from one leg to the other; and

that foot and ankle problems are often interre-

others stand with a more even distribution of

lated—affecting, and being affected by, overall

weight on both lower extremities. Patients who

body posture.

a note if a lower extremity (and which one) is
habitually more engaged in carrying most of

stand on the weight-bearing preferred leg often

Yoga. There is a role for exercises based

have LLD, ankle instability, or an asymmetrical

on yoga, particularly the Iyengar method, when

foot deformity, such as pronation and hallux

devising a therapeutic approach to these prob-
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Physical Therapy, with focus on posture

Figure 4. Patients with autism spectrum disorder
often have leg-length discrepancy, ankle instability,
or an asymmetrical foot deformity, such as pronation and hallux abductus valgus.
Continued on page 45
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Table. Posture and Postural Ability Scale

QUANTITY

CHECK (✔)
APPROPRIATE BOX

POSTURAL ABILITY WHEN STANDING

Level 1

Unable to stand in an aligned and symmetrical standing posture

Level 2

Able to be placed in an aligned and symmetrical standing posture but needs support

Level 3

Able to maintain standing and symmetrical when placed but cannot stay in position for > _______________ (record the time)

Level 4

Able to move trunk slightly forward–backward over base and maintain the symmetrical and aligned standing

Level 5

Able to transfer weight laterally and regain posture (ie, from one foot to the other)

Level 6

Able to move out of standing position (ie, take a step forward) and return to symmetrical and aligned standing

Level 7

Able to move into and out of standing position (ie, take steps, walk) and return to symmetrical and aligned standing
QUALITY OF POSTURE WHEN STANDING

Frontal (score as 1 [“yes”] or 0 [“no”])

Add narrative as needed

Head midline _________
Trunk symmetrical (presence of scoliosis?) _________
Pelvis neutral _________
Legs separated and straight relative to pelvis _________
Arms resting by side _________
Weight evenly distributed (through both feet) _________
TOTAL SCORE _________

Sagittal (score as 1 [“yes”] or 0 [“no”])

Add narrative as needed

Head midline _________
Trunk symmetrical (presence of kyphosis?) _________
Pelvis neutral _________
Legs separated and straight relative to pelvis _________
Arms resting by side _________
Weight evenly distributed (through both feet) _________
TOTAL SCORE _________
Source: Adapted from Rodby-Bousquet E, Agústsson A, Jónsdóttir G, Czuba T, Johansson A-C, Hägglund G. Interrater reliability and construct validity of the Posture and Postural Ability Scale in adults with
cerebral palsy in supine, prone, sitting and standing positions. Clin Rehabil. 2014;28(1):82-90, copyright 2014 by the authors. Reprinted by Permission of SAGE Publications, Ltd.
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Rx for Diabetic Foot Ulcers: Optimize Your
Communication With Patients
Communication, education,
and empathy—combined
with a solid knowledge
base of the disease—
are key components of
successful management of
these damaging, even lifethreatening, lesions.
BY ANGELA KELLEY, PA-C
Diabetic foot ulcers (DFUs) can be concerning
to patients and providers for multiple reasons.
From the patient’s perspective, DFUs can be
uncomfortable, even painful, and a source of
embarrassment from a cosmetic perspective;
depending on the patient’s level of health
literacy, there can be a lack of understanding of
the entire disease process of diabetes mellitus
(DM), making recurrence of DFUs a significant
possibility.
A patient’s comfort level, or level of trust in
the provider, can also affect communication regarding DFUs. Patients might have larger health
concerns and not fully understand the sequelae
of DFUs, or any of the potential risks of developing them. As providers, not only do we assess
patients for the most obvious concerns about
pain, we must also demonstrate a high index of
suspicion for the risk of cellulitis, osteomyelitis,
sepsis, amputation, and more, leading us to a
prognosis for the overall stability of DM.1
Bridging the gap between patient and
provider concerns during a 15-minute office visit
is often difficult, as regards providing empathy
and efficiency. Communication and patient
education are therefore highly important aspects
of diagnosing and treating DM, in an effort to
prevent its significant complications. Often,
patients are unaware that a lesion is present
until the provider identifies it for them as many
patients with DM have complete or partial loss
of sensation. Seeking a way to not embarrass
the patient in pointing out these lesions, while
educating them and letting them know that we

iStockphoto.com #1195684094

are there for them, is an important component
of care as well.

Required: Extensive
Knowledge of the Disease
Diabetes mellitus is a chronic condition that has
the potential to affect many body systems—endocrine, cardiovascular, integumentary, neurological, ophthalmologic, genitourinary, musculoskeletal.1 When DM is the underlying cause of
a foot ulcer, the risk of morbidity and mortality
is significantly increased.2 Communication with
patients first encompasses a deeper understanding of DFUs so that we can educate them about
the signs, symptoms, disease process, treatment,
and prevention of these concerning wounds, as
well as their prevalence, mortality data, and cost
burden.
The cause of a DFU can be multifactorial:
Poor glycemic control, peripheral vascular disease, and neuropathy are all risk factors for these
concerning lower extremity wounds—a result
of reduced host defenses, reduced blood flow to
the feet, decreased sensation of temperature and
pain, and fissures in the skin from decreased
autonomic supply, which can lead to a greater
risk of introduction of organisms into open
wounds.2 According to a report by Armstrong and

colleagues,3 the annual incidence of DFU, the
most commonly recognized complication of DM,
is 6.0% of Medicare patients with DM.
Complications of a diabetic foot, such as
amputation, and the monetary cost of those
complications, are also proving to be a burden.
Mortality after DM-related amputation is > 70%
at the 5-year mark for all diabetic patients; the
risk of death for a patient with a DFU at 10 years
is twice as high as it is for a diabetic patient who
does not have a foot ulcer.3 In the United States,
the cost burden for patients with a DFU is as
much as one-third the overall cost of the care of
DM—as high as $176 billion annually.3
The range of clinical presentations of a
DFU is wide; communicating the potential signs
and symptoms is therefore of high importance in
patient education. Patients with DM should be
advised to monitor for loss of sensation; dermatologic changes, including trauma; and signs and
symptoms of inflammation, including swelling,
warmth, erythema, purulent secretion, tenderness, and induration.2 Patients should also report
delayed healing and any hair loss, claudication,
or leg fatigue.1 Foot self-exam and awareness
of temperature change in the lower extremities
should be taught to patients.1 According to Standards of Medical Care in Diabetes 2019, providers
Continued on page 50
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Table 1. Presentation, Complications, and Evaluation of Diabetic Foot Ulcers
FACET OF DISEASE AND MANAGEMENT

SPECIFICS OF CARE

Presentation1

Open sore or open wound1:
• Heel
• Distal tip of toes
• Dorsal aspect of toes
• Head of metatarsals
• Possible bony involvement or gangrene, or both

Components of the physical exam

• Integumentary
• Peripheral vascular
• Neurological
• Musculoskeletal

Possible additional laboratory tests

• Fasting glucose
• Hemoglobin A1C
• Complete blood count
• C-reactive protein
• Erythrocyte sedimentation rate
• Lipid panel

		 o vibration
		 o pinprick

Wound culture (only if signs and symptoms of
infection are present 1)

Complications of diabetic foot infections can be polymicrobial

• Superficial wounds

Aerobic gram-positive cocci, including:
• Staphylococcus aureus
• Streptococcus pyogenes
• Streptococcus agalactiae
• coagulase-negative staphylococci
2

Possible polymicrobial infection, including2:
• aerobic-gram positive cocci
• anaerobes
• enterococci
• Pseudomonas aeruginosa
• Enterobacteriaceae

•W
 ounds with noted necrosis, gangrene,
extensive inflammation, drainage of a
malodorous nature with signs of toxicity

Potential for above-noted microbes, as well as :
• Bacteroides spp
• Clostridium spp
• anaerobic streptococci

• Resistant strains2

• Methicillin-resistant S aureus
• Vancomycin-intermediate S aureus
• Resistant enteric gram-negative rods
• Diabetic foot infection (cellulitis)
• Sepsis
• Osteomyelitis
• Amputation1

ed with poor glycemic control, peripheral vascular
disease, and neuropathy; however, the provider
should also assess the duration of the patient’s
diagnosis and search for signs of foot trauma or
other orthopedic abnormalities that might result

Treatment + Communication =
Optimal Management
Treatment of DFUs can also be multifactorial.
Table 2 outlines approaches to treatment based
on severity of ulceration. Educating patients
about smoking cessation, proper footwear
and footcare, proper diet, and the value of a
multidisciplinary approach to management is

in areas of elevated pressure in the foot.1 These

imperative. Communicating with patients about

problems can lead to severe complications, which

adherence to recommended treatment regimens

presses the issue of proper communication.

is also a focal point because preventing severe

Presentation and complications of DFUs, the

complications is crucial.

physical exam, and potential tests are provided

50

Although we want to give patients the best
education about their disease and DFUs, we are

in Table 1.

3.20

• Elicit any history of amputation, ulceration,
angioplasty, Charcot foot, retinopathy, smoking, or
renal disease

• Refer for determination of the ankle-brachial index
when a patient presents with claudication or when
pedal pulses are absent or decreased

2

The risk of DFU is, as mentioned, associat-

• Perform a foot exam at every visit for patients who
have loss of sensation, prior amputation, or prior
ulceration

• Elicit current symptoms of neuropathy (numbness,
burning, pain) or peripheral arterial disease
(claudication, leg fatigue)

• Deep ulceration or chronic infection

evaluation of the patient with diabetes.” 4

· skin inspection
· evaluation for foot deformities
· vascular assessment of pulses in feet and legs
· neurological assessment, using 10-g
		 o temperature

• Weight-bearing plain radiograph initially1
• Magnetic resonance imaging for suspected osteomyelitis1

should examine patients as described in “Periodic

• Perform an annual comprehensive foot exam,
looking for the risk factors that could lead to
ulceration and amputation:

monofilament and at least 1 of the following:

Possible imaging studies

Complications

PERIODIC EVALUATION OF THE
PATIENT WITH DIABETES4

lermagazine.com

• Involve other disciplines in a case of Charcot foot,
prior ulceration, or prior amputation
• Involve footcare specialists when a patient presents
with a notable abnormality, such as peripheral
artery disease, loss of sensation in the lower
extremities, or structural deformity, or is a smoker
• Educate patients with diabetes on preventive foot
self-care
• Recommend specialized footwear in patients with
diabetes who have a severe case of neuropathy or
foot deformity or who have had an amputation

limited by barriers to communication. Communication between patients and clinicians is linked
to outcomes, adherence, and satisfaction. If a
clinician is unable to recognize and adapt for
sociocultural differences between themselves and
their patients, quality of care can be affected.
A survey5 of patients performed to assess
communication found that 19% had at least 1 of
the following concerns with their provider:
• difficulty understanding the provider
• the impression that the provider doesn’t
listen to them
Continued on page 53

Table 2. Treatment of Diabetic Foot Ulcers1,4

with transition and continuity of care from one

STRATEGY

TACTIC

Patient education

• Smoking cessation1
• Proper dietary nourishment for healing and growth1
• Foot self-care exams4
• Proper footwear1
• Maintain proper glucose control1
• Proper counseling on signs and symptoms of depression1

Possibilities for multidisciplinary team-approach referral

Complication management and prevention

tion or inaccessibility of services.6
There are many strategies to improve
communication between patients and providers
(Table 3). Having an extensive knowledge base
of the subject matter, as discussed above, and

• Orthopedic surgery
• Endocrinology
• Podiatry
• Dermatology
• General surgery
• Vascular surgery
• Wound care
• Psychology
• Dietary counseling1
• Ankle-brachial index (when appropriate)4

participating in continuing learning are important steps in developing trust and rapport with
patients. Being courteous, professional, punctual,
and supportive are desirable traits in a provider;
so are showing empathy, minimizing distractions,
and knowing the limits of one’s ability—that is,

• Infection control
• Debridement
• Dressings
• Adherence to recommended treatments to avoid
complications (eg, amputation, need for skin grafting)1

• feeling that they can’t ask the provider

location to another without significant interrup-

when it’s time to refer to other specialties.
Once a provider has established an open
path to communication with a diabetic patient,
the education process should be multifaceted.
The provider should strive to give advice based

to receive such education in a time-appropriate

on clinical evidence, question patients to deter-

questions during office visits.

manner, and to feel that their provider is able to

mine the depth of their medical knowledge, assist

If providers were to take a patient-centered

alleviate their fears while treating their physi-

patients in informed decision-making, order

view on communication, they would find that

cal discomfort. Providers would also find that

appropriate and cost-effective treatments and

patients want to be respected, to have open com-

patients want to know that their provider is able

tests if necessary, and perform motivational inter-

munication about their illness through education,

to coordinate care, involve their family, and help

Continued on page 52
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Table 3. Techniques to Improve Communication7,9,10

viewing to elicit appropriate behavioral changes.

7

These aspects of education should be performed
by using the interpersonal and professional skills

DOMAIN

COMPONENT/ATTRIBUTE

Professional behaviors7

Attain extensive medical knowledge, Be punctual, Be nonjudgmental, Show
respect for patients’:
• dignity
• preferences on involvement of care
• cultural differences
• gender and sexual differences5

Desirable clinician traits7

• Supportive
• Courteous
• Empathetic
• Attentive
• Appropriately groomed and dressed

Patient education7

• Give advice based on clinical evidence obtained through continuing
education
• Through questioning, determine the depth of the patient’s knowledge of
medicine
• Assist the patient in making informed decisions
• Order appropriate and cost-effective treatments and tests, as necessary
• Perform motivational interviewing to elicit appropriate behavioral changes
• Assess language and health literacy5

Follow-up care7

• Make access to care available
• Follow through on promises
• Consider the financial aspect of illness
• Connect patients with resources outside the clinic
• Check on patients who live at home

Involve patient with “the system” (ie, the
electronic health record)

Engage patient in e-technology

Involve patient with self-care (self-reports,
solicit patient reports, wound care)

Consider:
• Diabetes Management Self-Efficacy Scales (DMSES)9
• Patient-Reported Outcome Measures (PROMs)10

mentioned above. Sending information to the
patient’s portal in the electronic health record—
for further self-education and to present topics
for discussion in detail at later visits—can also
be helpful.

Maintaining Care After the
Clinic Visit
Follow-up care is a key part of communication. It
has been determined that, once patients leave the
clinic, they forget 40% to 80% of instructions related to their treatment regimen.8 Findings show
that, not only are patients interested in more
frequent communication from their provider, they
also are more likely to be proactive in their health
regimen if they have more education about their
disease.8 It has been noted that, in the United
States, < 2% of patients who have DM participate in, to a full extent, one of American Diabetes
Association’s recommended care regimens.8 If
we are able to communicate more frequently
and more effectively, we are likely to improve
adherence, which can have a positive impact on
the care of the DM population.8
Methods of communication outside the clinic include the electronic health records, patient
portals, texting, emails, and smartphone apps, reminders, and alerts. As reported in Standards of
Medical Care in Diabetes 2019, all patients who
have DM should participate in self-management
education, with special attention to receiving
education on 4 occasions4:
• at the time of diagnosis
• annually after diagnosis
• any time a disease-complicating factor arises
• during transition of care.
In addition to using technology, an individual or group setting is acceptable for continued
patient education.4
Self-monitoring of the blood glucose
level4 and self-efficacy management have been
discussed in the literature as methods for patient
adherence to treatment plans, including diabetic
foot care.9 There are several methods of self-management, including the Diabetes Management
Self-Efficacy Scale (DMSES) and patient-reported
outcome measures (PROMs), such as10:

• Foot Self-Care Behavior Scale (FCBS)

in which photo documentation and an interactive

• Foot Health Status Questionnaire (FHSQ)

diary can be transferred to a provider, via server,

• Diabetic Foot Ulcer Scale-Short Form
• Foot and Ankle Ability Measures (FAAM).
These tools provide a standardized method
for gathering information from patients regarding
their well-being and functional status.10
Diabetic foot syndrome—comprising infection or ulcer, tissue abnormalities due to peripheral vascular disease, and neuropathy—occurs
in 25% of patients with DM; 15% of patients are
at risk of a DFU.10 More education is therefore
pertinent to the prevention and management
of the sequelae of DM. Technological advances,
such as telemedicine, have been shown to be a
cost-effective monitoring system for detecting
DFUs early.11 Other means of monitoring, such as
ankle-brachial index pressures, Doppler sonography, and magnetic resonance imaging can be
beneficial—but also can be intrusive, be costly,
and put the patient at risk of noncompliance
because they can require repeated office visits.11
There is potential for additional monitoring for
early detection of DFUs in continuing research on
TempStat™ and sensor-equipped insoles, as well
as a smartphone app with telemedicine support,
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for interpretation.11
For patients who have already suffered from
DFUs, it is imperative that we provide follow-up
care routinely to monitor for recurrence. Education regarding better control of DM is critical,
including footwear and footcare, routine follow-up with podiatry, nail care, monitoring pulses
in the posterior tibial and dorsalis pedis arteries,
monofilament testing, and being able to recognize
signs of nonhealing wounds, discolorations, and
deformities.12

Put the Patient at the Center
of Your Care
Improving our communications skills to reflect
a more patient-centered style allows us to assess
barriers to healthcare, health-education literacy,
and patient preferences in DM. In turn, being
better communicators will guide us in our
approach to providing improved outcomes in
patients with DM.4
Angela Kelley, PA-C, is Assistant Professor, PhysiContinued on page 54
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Ruskin, Florida, and a Regional Director Health
Coach with Optavia (www.angela.optavia.com).
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Noteworthy products, association news, and market updates

PIVOT: NEW AND
# New and Improved
IMPROVED CENTER
RIVET
Center Rivet!
OLD

• SMOOTH ARTICUALATION
• DURABLE CENTER RIVET
• SAME LOW PROFILE

suppliers in billing proper Healthcare Common
Procedure Coding Systems (HCPCS) codes

TESTED to 2,000,000 CYCLES

Pivot is an articulated, self-aligning, low-profile
AFO hinge newly available from LaunchPad.
It is designed to be fabricated similarly to

another claim on file.
For more information, visit med.noridi-

and modifier combinations. The tool includes

anmedicare.com/web/jddme/cert-review/mr/

durable medical equipment, prosthetics, orthot-

review-results.

ics, and supplies (DMEPOS) commonly billed
HCPCS codes with billing scenarios. Based
on the specific HCPCS entered and the billing

NEW

T

scenario, the tool recommends modifiers for
claim submission.

HIGH-PERFORMANCE
SPORTS INSOLES

To access the Advanced Modifier Engine,
visit cgsmedicare.com/medicare_dynamic/jb/
advanced_modifier_engine.

a flexure joint, meaning an alignment jig is
unnecessary. Pivot provides the mechanism of

ankle joints. According to LaunchPad, Pivot’s

JURISDICTION D DME MAC
CONDUCTING TARGETED
PROBE AND EDUCATE
REVIEWS

medical grade stainless steel construction

Noridian, the Jurisdiction D Durable Medical

allows it to be the lowest profile joint currently

Equipment Medicare Administrative Contrac-

available. One of the keys to Pivot’s low profile

tor (DME MAC) is conducting Targeted Probe

is the use of stainless steel fastening nuts that

and Educate (TPE) reviews for several spe-

pass through the hinge plates and extend

cialties, among which are ankle-foot orthoses

beyond them. This extension is encapsulat-

(AFOs), knee orthoses, and therapeutic shoes.

ed within the thickness of the AFO’s plastic

The quarterly edit effectiveness results from

and allows for maximum thread engagement

October 2019 through December 2019 indicate

without adding to the overall projection. The

the following:

movement that allows practitioners to control
sagittal plane motion without the bulk of traditional urethane hinge bodies or double-action

construction of the fastening nuts prohibit

• AFOs: The affected Healthcare Com-

rotation during assembly or removal. Pivot has

mon Procedure Coding System (HCPCS) codes

been tested to 2 million cycles. It is available in

are L1940, L1971, L4360, and L4361. Based

pediatric and adult sizes.

on dollars, the overall claim potential improper
payment rate is 31%.

LaunchPad

• Knee orthoses: The affected HCPCS

launchpad-op.com

codes are L1810, L1812, L1832, L1833, L1843,
L1844, and L1851. Based on dollars, the overall

VKTRY Performance Insoles from VKTRY
Gear are engineered specifically for sports
usage. The insoles are designed to return the
energy an athlete generates into explosive
power, which translates to improved speed and
agility. The insoles feature a patented carbon
fiber design that, according to third-party
research, has been proven to increase explosiveness by 9.3%. This increased explosiveness
translates to 0.12 seconds faster speed in a 40yard dash, 1.6" higher marks in vertical jump,
and 4" farther distance in the broad jump. In
addition to increased explosiveness, VKTRY
Performance Insoles provide increased support,
stability, and shock absorption. This, in turn,
helps prevent injuries from plantar fasciitis,

CGS INTRODUCES
MODIFIER
RECOMMENDATION TOOL

claim potential improper payment rate is 45%.

CGS, the Durable Medical Equipment Medi-

The top denial reasons include docu-

care Administrative Contractor (DME MAC)

mentation was not received in response to the

VKTRY Gear

for Jurisdictions B and C, has introduced a

Additional Documentation Request (ADR) let-

831/291-5510

modifier recommendation tool. The Advanced

ter; documentation does not support coverage

vktrygear.com

Modifier Engine was designed by CGS to assist

criteria; and the claim is the same or similar to
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• Therapeutic shoes: The affected HCPCS
code is A5500. Based on dollars, the overall
claim potential improper payment rate is 52%.

lermagazine.com

turf toe, stress fractures, and shin splints. Over
150 pro and NCAA teams wear VKTRY Performance Insoles. The company offers a 30-day
risk-free trial.
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NEW TEA TREE–INFUSED
FOOT WIPES

million grant from the National Institute on
Disability, Independent Living, and Rehabilitation Research, the three researchers plan

SWEDISH ANKLE FOOT
ORTHOSIS

to evaluate the model on seniors who have
difficulty with their gait or stride.
Conventional exoskeletons are typically
heavy, bulky, expensive, and primarily suitable
for individuals with little voluntary movement.
In contrast, the hybrid soft exoskeleton developed by the team is 60% lighter than commercially available exoskeletons and less costly. It
combines the advantages of rigid exoskeletons
Tea Tree Ultimates Foot Wipes from PediFix

and textile-based exosuits with assistive control

help clean sweat and odor, dirt and grime,

algorithms to monitor, augment, and compen-

fungus, bacteria, and germs from skin surfaces.

sate for the loss of gait function. “Our model

Practitioners can keep the wipes in the treat-

is run by the user, not the robot. Wearers

ment room for quick patient cleanup before

aren’t forced to walk in a predefined path,” said

exams. The tea tree wipes are also helpful

Francisco, the chair of physical medicine and

Elite Orthopaedics has brought to market the

for diabetic and post-op foot care. Patients in

rehabilitation at McGovern Medical School

Swedish Ankle Foot Orthosis (AFO). This new,

nursing homes are also targeted users for the

and the chief medical officer at TIRR Memorial

multifaceted AFO is designed to prevent foot

wipes, as are individuals who wear sandals and

Hermann, Houston.

drop and heel cord tightness, and to support

other open shoes. The wipes are useful at bed-

the foot in a proper position. Indications in-

time and whenever a shower is inconvenient.

clude mild foot drop secondary to cerebrovas-

The alcohol-free footcare formula features tea

cular accident and other neurological condi-

tree and peppermint essential oils, which offer

tions. The AFO is made from injection-molded,

antimicrobial and antibacterial benefits. Aloe

durable polyethylene material. It is lightweight

and vitamin E are incorporated into the wipes

and has an easy-to-use hook and loop closure.

to help keep feet clean and healthy.

The product is rigid yet can be easily trimmed
for a customized fit. The design features an

PediFix

open heel and lower calf section to provide pa-

800/424-5561

tient comfort. It is available in 4 configurations:

pedifix.com

women’s right and women’s left (9.5" length),

SOFT EXOSUIT DESIGNED
TO HELP SENIORS WALK
A new line of wearable robotics developed by

Shuo-Hsiu (James) Chang, PT, PhD, (center) and
Hao Su, PhD, are testing a mobility device for
seniors. Photograph by UTHealth.
The team’s long-term vision is to make as-

and men’s right and left (11" length). Suggested
HCPCS code: L1930.
Elite Orthopaedics Inc.
800/284-1688
elite-ortho.com

The University of Texas Health Science Center

sistive robots accessible to everyone who needs

at Houston (UTHealth) and The City Univer-

them, said Chang, assistant professor of phys-

sity of New York, City College (CCNY) could

ical medicine and rehabilitation at McGovern

keep seniors on their feet longer. A prototype

Medical School and the administrative director

developed by Hao Su, PhD, an assistant profes-

of the NeuroRecovery Research Center at TIRR

sor at CCNY, and tested by Gerard Francisco,

Memorial Hermann. “There is a pressing need

MD, and Shuo-Hsiu (James) Chang, PT, PhD,

for wearable robots that can improve the quali-

O&P TECHS COLLABORATE
ON CHILDREN’S BOOK
ABOUT A BOY AND HIS
NEW AFO

of McGovern Medical School at UTHealth,

ty of life for broader populations in community

Three graduates of the Prosthetic-Orthotic

fared well in a pilot study of people with walk-

settings,” he said.

Technician Program at George Brown College,

ing difficulties. Now with the support of a $1.3

Ontario, Canada, have collaborated on a new
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children’s book, which was recently published
and is available for sale on Amazon. Beau and
His New AFO: A Children’s Guide to Ankle
Foot Orthoses was written by Stephanie Blunt
and illustrated by Amelia Levick and Katrina
Whitmell. The idea for the rhyming story was
conceived by Blunt 4 years ago, she said, when
she typed out the first sentence, “Today is a
special day, Beau! Today you are getting your
new AFO.”

Mogan Naidu, MD, seated, examines a patient while
a visiting orthopedic surgeon, Zhegang Zhou, MD,
and Jonathan Herreen look on. Photograph courtesy
of Jonathan Herreen.

Research by Blunt, Levick, and Whitmell revealed a gap in resources available
to pediatric patients regarding the wear and
care of orthoses. After interviewing local O&P
clinicians and professionals who worked with
children, they directed the storyline to feature
the most common concerns of AFO care and to

includes a simple twist-knob manual lock that

will also provide a range of affordable house

allows for stability in or around the water. The

shoes, depth shoes with custom orthotics, and

product ships with a blue cover installed; an

full custom footwear. Naidu is a wound care

alternate black cover is included. Designed to

provider, head of MediAsia Advance Wound

handle up to 330 pounds, the ATK HydraPro

Care & Tissue Repair Center and founding

comes with a 24-month manufacturer’s

chairman of The Malaysian Diabetic Limb

warranty.

Salvaging Society.
Herreen, an Australia-based custom and

408/692-5633

vide new low-cost sensor insole technology and

legworks.com

establish a small base for footwear assembly
and modifications in the upper level of the
building in which MediKaki is located.

to represent the diverse population of AFO us-

WATERPROOF ALLTERRAIN PROSTHETIC
KNEE

ers and help children understand the purpose

LegWorks’ ATK (all-terrain knee) HydraPro

behind their devices,” Blunt said. The book

is a low-maintenance, waterproof, and highly

also includes a customizable wearing schedule

functional 4-bar prosthetic knee joint that is

chart and pages where clinicians can record

designed to meet the physical demands of

additional notes.

active amputees; it is offered with or without

who both wear AFOs, one who is ambulatory
and one who is not. “We did this intentionally

stance flexion. The company’s patented

MEDIKAKI OPENS IN
PENANG, MALAYSIA
MediKaki, a new shoe store “that is offering
more than shoes,” recently opened in Penang,
Malaysia. A team lead by Mogan Naidu, MD,
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LegWorks, Inc.

depth footwear and orthoses provider will pro-

understand the “why” behind the instructions
they receive. The story is about two characters

who desire a water leg, the ATK HydraPro

will be screening and assessing patients and

Autolock Technology stance phase controller is
engineered to give the user confidence on all
terrains, while the Hydraulic Variable Cadence
Controller (patent pending) allows for multiple
walking speeds. Described by LegWorks as an
ideal knee for K3- and K4-level ambulators

lermagazine.com

CSF2 MERGES WITH
SOLATI HEALTH
Custom Silicone Fabrication of San Francisco
(CSF2), a company that develops custom
silicone products for amputees and prosthetic
solutions, has merged with Solati Health,
Reno, NV. The addition of CSF2 will be the
foundation of Solati’s interface liners and
fabrication capabilities. The merger will enable
Solati to expand its line of prosthetic products
and technologies. Wayne Koniuk, CP, who
started CSF2 after more than 40 years in the
O&P profession, will lead fabrication services
and new product development at Solati.
Financial details of the transaction were not
disclosed.

BALANCE, STABILITY,
ACCURACY, DISTANCE,
COMFORT

control, fall risk assessment, range of motion
evaluation of all the articulations, a running lab
using baropodometric and load cell treadmill,
IMU integration with video recording, EMG,

DMSO-FREE VIABLE
CELLULAR BONE

and athlete biofeedback. Laser and shockwave
therapy will also be available to patients.
According to the company, additional
biomechanical clinics are being planned for
other major US cities.

DANIPRO NAIL RECOVERY
TREATMENT
The new SQAIRZ golf shoe features a less
rounded, squarer toe box, which helps the
golfer with alignment on every shot. The geometry of the toe box also provides room for the

ALLOGRAFT

toes to sit naturally in the shoe and facilitates

Orthobiologics are a group of treatment options

proper range of motion for the feet. The base

that use substances naturally found in the body

under the forefoot is 2mm wider than most

in an intensified concentration. Royal Biolog-

other golf shoes, providing additional balance

ics, an orthobiologics company specializing in

and stability. The wider base and larger surface

the research and advancement of regenerative

area of the outsole allow cleats to be positioned

cellular therapy and novel orthobiologic solu-

directly under the pressure points exerted on

tions, announced the launch of MAGNUS, a

the bottom of the feet during the golf swing.

dimethyl sulfoxide (DMSO)-free viable cellular

A custom cushioned insole offers additional

bone allograft, for fusion in orthopedics. Mag-

comfort, and a heel stabilizer centers the foot

nus provides the 3 key elements ideal for bone

in the shoe to help prevent rollover injuries.

formation: an osteoconductive 3D scaffold with

The “sta-put” laces form the shoe to the top of
the foot, locking it in place. The shoes are waterproof and come with a 30-day money-back

daniPro Nail Recovery Treatment is a new
development in nail treatment that incorpo-

cortical and cancellous components; a demineralized bone scaffold with osteoinductive potential; and viable spine-derived cells, preserved

guarantee.

rates coconut, passiflora, apricot, avocado, and

SQAIRZ

ed to target dry, brittle nails to make them feel

888/793-7779

stronger and silkier. As with all daniPro prod-

Royal Biologics

sqairz.com

ucts, Nail Recovery Treatment is infused with

201/488-1549

undecylenic acid to keep nails looking healthy,

royalbiologics.com

SENSOR MEDICA OPENS
FIRST US BIOMECHANICAL
CLINIC IN IDAHO
Sensor Medica USA has opened its first biomechanical clinic at its North American headquarters, located at 919 South Utah Ave, Idaho

salicornia oils. The deep treatment is formulat-

with the use of a DMSO-free cryoprotectant, to
support osteogenic healing processes.

and it is toxin-free, steering clear of the top
10 toxins found in many nail treatments and
polishes. The Nail Recovery Treatment can be
used as a base coat for nail polish and should
be applied twice a week for 3 weeks for optimal
results. All daniPro nail polishes are vegan,
cruelty free, and made in the US.

Falls, ID. The clinic uses the company’s own

daniPro

technology to offer complete gait and motion

985/326-4776

analysis, posturographic analysis for balance

danipronails.com
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Special offer for LER subscribers:
Receive complimentary access to

How Well Did You
Read This Issue?

Test your knowledge of information from this issue of
Lower Extremity Review and the world in general with
our crossword puzzle feature. The answer box can be
found online at lermagazine.com.

LE&RN’s Physician CME
(normally $99)!

At check out, use this coupon code: LER20FREE

LymphaticVascular
Disease:
Diagnosis &
Treatment
LE&RN is
proud to
present the
groundEarn Up to 7 CME Credits
breaking
Online! Level 1 (3 Credits)
online CME
and Level 2 (4 Credits)
Seminars
for Physicians Lymphatic-Vascular
Disease: Diagnosis & Treatment. These
courses are an exciting educational portal
to understanding the interplay of the
lymphatic and vascular systems as related
to patient health. This seminar is intended
for physicians who need to diagnose and/
or treat patients with lymphedema (LE)
and/or lipedema (LI).
Upon completion of this activity,
participants will be able to recognize
the physical, imaging, and laboratory
findings relevant to a lymphedema or
lipedema diagnosis; compare and
contrast the available therapies for
lymphedema and lipedema; and diagnose
potential candidates for lymphatic
surgery. Questions? Contact us at
LERN@LymphaticNetwork.org.

ORDER NOW AT LERN-CME.ORG
Presented by

This activity has been planned and
implemented in accordance with the
accreditation requirements and
policies of the Accreditation Council for
Continuing Medical Education (ACCME) through the joint
providership of the Academy for Continued Healthcare
Learning and LE&RN. ACHL is accredited by the ACCME to
provide continuing medical education for physicians.
The Academy for Continued Healthcare Learning
designates this live activity for a maximum of 7.00 AMA
PRA Category 1 Credits™. Physicians should claim only
the credit commensurate with the extent of their
participation in the activity.
LERN551 © 2020
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17
18
19
21
23
25
26
28
30
31
32
37
39
40
42
43

11
13
14
15
16
20
22
24
25
26
27
29
33
34
35
36
37
38
40
41

1
5
8
9
10
12
13

Arrangement of the body and its limbs
Form or contour
Gym class, abbr.
Additional things, abbr.
Yoga method helpful in improving symmetry in posture
Giving the go-ahead
Poor posture can produce increased ___ on supporting structures
Tracing of brain waves, abbr.
Pioneering UK physiotherapist, Noreen ___
______ Doppler ultrasound
_______ cardiac death
____-ungual hematoma
Columbus’s “Little Girl”
Two-fold, prefix
Yoga word for postures
Stretch out horizontally
Type of medication drip
Excessive outward curvature of the spine
It’s over, as of life
Place for a hot soak
Decompose
Brace and keep steady
Observe closely

1
2
3
4
5
6
7

Hurtful sensation
The S in ASD
High score, for gymnast
Estimated energy efficiency, abbr.
A variable in posture control
Flexible and quick
Describes a lower extremity habitually carrying most of
the body weight, 2 words
Student score, abbr.
Scandinavian airlines, abbr.
Color of inflammation
Treatment to relieve swelling
__-invasive
Treadmill action
___ability
Postural control correlates with ____
This horse is old
Exercise machines
Climbing creeper
Part of the powerhouse
School/parent group for student’s welfare
Center of activity
Japanese band
Third in line in a family
Wide foot size designation
24-hour period
Of, in French
You, as Shakespeare wrote it

Crossword by Myles Mellor
With over 12,000 crosswords published internationally, Myles Mellor is one of the top crossword writers in
the world. His work includes crosswords, diamond crosswords, syndicated puzzles, cryptograms, diagramless
crosswords, word search, sudokus, anagrams, and word games published on mobile devices and e-readers. www.
themecrosswords.com
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OUR COMMITMENT
Advanced technology that allows you to
provide your patients with more options.
As the world’s first mechatronic stance and
swing phase control orthosis system (SSCO®),
C-Brace controls both the stance and swing
phase hydraulically with microprocessor sensor
technology. For patients with neurological
conditions affecting their legs, C-Brace provides
support during the entire gait cycle and adapts to
everyday situations in real-time. Because when
your patients succeed, we have all reached
our goals.
We all move forward, together.

•

Request a C-Brace Trial at
professionals.ottobockus.com/c-brace

Hannah wearing C-Brace

