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By Cheryl Hubley-Kozey, PhD, and Gillian Hatfield, PT, PhD
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evidence-based approach 
Study findings suggest that increased loading rates and tibial acceleration
are associated with an increased risk of sustaining a tibial stress fracture.
Interventions directed at reducing these impact variables may decrease
the incidence and recurrence of this serious injury.
By CPT Jamie B. Morris, DPT, OCS, CSCS, and LTC Donald L. Goss, PT, PhD, OCS, ATC

39 Fifth met fractures and
osteoporosis in women
Given that older women are at increased risk for osteoporosis, an
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The Internet and social

media have transformed

health advocates’ ability to

disseminate educational 

information, which has the

potential to substantially

improve outcomes across

all healthcare disciplines.

But such efforts can’t

achieve broad success

without taking into account

something many of us con-

sider a basic skill: The abil-

ity to read. 

In a September 7 post on the British Medical Journal’s Injury 

Prevention blog, Australian sports medicine researcher and 

doctoral candidate Sheree Becker, BA(Hons), detailed examples

of how social media platforms have been used to increase aware-

ness of health issues, including suicide prevention. “Could we

harness simple initiatives such as these for injury prevention 

messages?” Becker asks. 

And why stop there? Similar initiatives conceivably could—and

should—be used to advocate for diabetic ulcer prevention, 

osteoporosis prevention, or fall prevention, to name just a few

lower extremity examples. 

But, just as clinical interventions can’t help patients who aren’t

compliant, even the most accurate, relevant healthcare informa-

tion won’t help people who can’t make sense of it. 

Even as the volume of healthcare information available to the 

general public has increased with the advent of the Internet and

social media, the average person’s reading level has stayed the

same—at about the eighth-grade level in the US (see “Health 

literacy: The challenge of making information accessible to 

patients,” page 18). And variables such as age, illness, anxiety,

and medication use can adversely affect health literacy even

among people who typically read at a more advanced level.

To their credit, a number of lower extremity specialty organiza-

tions are making an effort to achieve that eighth-grade level of

readability in their patient education materials. But given that most

clinicians and researchers are comfortable using much more 

advanced terminology when reading, writing, and speaking, the

task of translating complex healthcare concepts into more basic

language can be—somewhat ironically—very challenging. 

Health literacy may be an elusive goal, but it’s an important one,

not just for specialty organizations but for anyone who uses the

Internet or social media to inform mainstream audiences. During 

a clinic visit, a practitioner can administer a short questionnaire 

or use other techniques to get a sense of a patient’s health liter-

acy level. But when sending information into cyberspace, and 

especially when social media is involved, one never knows who

might end up on the receiving end of that information, much less

the extent to which they might understand it. 

“We do not always need to disseminate purely our most up-to-

date research results, or even the most innovative interventions;

sometimes our work life’s work is bigger than that,” Becker wrote.

“Sometimes we need to advocate for the very heart that lies at

our work: simple, credible information and resources that can

make a difference in even one person’s life.”

In research, in the clinic, and in journalism, we talk a lot about 

ensuring that the information we disseminate is credible. But to

really get through to patients, keeping it simple may prove to be

just as important. 

Jordana Bieze Foster, Editor

Just as interventions can’t help patients
who aren't compliant, healthcare education
won’t help people who can’t make sense of it. 

out on a limb:
Reading lessons
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Profiling for ACL prevention
Biomechanics identify risk subtypes

Although existing anterior cruciate liga-
ment (ACL) injury prevention programs
have been successful at reducing the in-
cidence of ACL injury, a new study sug-
gests that tailoring interventions based
on four risk profile subtypes could be
more effective. 

A team of researchers hailing from Australia, Greece, and the US an-
alyzed a large cohort of high school female athletes during an unan-
ticipated cutting task and identified high-risk profiles based on ob-
served biomechanical characteristics associated with ACL injury. 

“Recent reports indicate that targeted neuromuscular training to
identified deficits can further enhance the effectiveness of neuro-
muscular training aimed to prevent injury,” said study co-author Greg
Myer, PhD, associate professor of pediatrics and director of research
and the Human Performance Laboratory in the Division of Sports
Medicine at Cincinnati Children’s Hospital Medical Center in Ohio. 

The study, epublished in August in Medicine & Science in Sports
& Exercise, analyzed trunk and lower extremity 3D kinetics and kine-
matics during cutting in 721 female athletes. Approximately 40%
showed no biomechanical deficits and were deemed low risk. Nearly
a quarter (24%) presented with a combination of high quadriceps
and leg dominance deficits. The third most prevalent profile (22%)
had a combination of trunk and leg dominance deficits and, to a
lesser extent, ligament dominance deficits. The last category (14%)
demonstrated only very high ligament dominance deficits. With the
exception of the last profile, the current analysis indicates that risk

in the moment: sports medicine

Femoroacetabular impingement alters
motion at both foot and hip during gait
Individuals with femoroacetabu-
lar impingement (FAI) demon-
strate alterations in foot mechan-
ics as well as hip mechanics, a
finding that may have implica-
tions for orthotic management
of this population, according to
an Israeli study. 

Researchers from Tel Aviv
University and the Wingate In-
stitute in Netanya compared 3D
gait kinematics for a cohort of
15 men with cam-type FAI and
15 healthy men.

The group with FAI had less
pelvic internal rotation and hip
abduction at heel strike than con-
trols. The FAI group also had less
maximum eversion during stance
than controls, as well as an in-
verted hindfoot position at heel
strike, compared with a neutral

hindfoot position in the control
group. The results were epub-
lished in August by Clinical Bio-
mechanics.

The study authors noted
that, although the research and
management of FAI has primarily
focused on alterations in pelvic
and hip mechanics rather than
distal articulations, their findings
suggest this population may
benefit from custom-made foot
orthoses to prevent the injurious
effects of hindfoot malalignment
on load attenuation during
stance. 
Source:
Hetsroni I, Funk S, Ben-Sira D, et al.
Femoroacetabular impingement syn-
drome is associated with alterations in
hindfoot mechanics: A three-dimen-
sional gait analysis study. Clin Biomech
2015 Aug 21. [Epub ahead of print]

MRI after hamstring injury does not
help predict timing of return to sport
Magnetic resonance imaging
(MRI) has no added value for pre-
dicting how soon athletes can re-
turn to sport after acute ham-
string injury compared with
predictions based only on patient
history and clinical examination,
according to a recent study. 

The study, conducted by re-
searchers from New Zealand,
Norway, the Netherlands, and
Qatar, and epublished in August
by the British Journal of Sports
Medicine, prospectively as-
sessed 180 adult male athletes
with acute onset posterior thigh
pain within five days of injury. All
athletes underwent standard pa-
tient history, clinical examination,
and MRI. The athletes were fol-
lowed for one year to determine
the time required for them to re-
turn to full sports activity, either

in training or match play. 
A multiple regression

model including only baseline
patient history and clinical ex-
ams explained 29% of the vari-
ance in time to return to sports.
A second model that included
MRI scoring explained 32% of
the variance—a difference that
was not statistically significant. 

The study findings provide
no rationale for acquiring a rou-
tine MRI after acute hamstring
injury, the study authors con-
cluded. 
Source:
Wangensteen A, Almusa E, Boukar-
roum S, et al. MRI does not add value
over and above patient history and clin-
ical examination in predicting time to
return to sport after acute hamstring in-
juries: a prospective cohort of 180 male
athletes. Br J Sports Med 2015 Aug 24.
[Epub ahead of print]

Continued on page 14
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profiles consist of a combination
of biomechanical deficits. 

Much of the previous re-
search on ACL injury risk has fo-
cused on jump-landing mechan-
ics. Myer said he and his
coauthors focused on the unan-
ticipated cutting task as a means
of fleshing out all risk factors. 

“While the drop vertical
jump continues to be our most
sensitive and specific task to
identify deficits related to ACL
injury risk, we need to continue
to develop more sports-related
tasks that can support risk iden-
tification,” he said. 

Amy Beth Hopkins, MPT,
owner of Your Personal Best
Physical Therapy in Austin, TX,
agreed with that approach. 

“In improving our identifi-
cation of higher risk athletes, 
we need to analyze cutting
movements and biomechanical 

discrepancies,” she said.
However, Holly Silvers, MPT,

a researcher in the University of
Delaware’s Biomechanics and
Movement Science Program in
Newark and a researcher at 
the Santa Monica Sports Medi-
cine Foundation/Institute for
Sports Sciences in Los Angeles,
cautioned against overdepen-
dence on categorization sys-
tems when matching patients
with interventions.

“We have to be very, very
careful in overly compartmen-
talizing or overly specializing
with respect to injury preven-
tion,” Silvers said. “We’re going
to lose people who are present-
ing one way and may have other
deficits that could be underlying.
They may not reveal themselves
overtly.”

Cynthia LaBella, MD, asso-
ciate professor of pediatrics at

Northwestern University’s Fein-
berg School of Medicine, and
medical director for the Institute
for Sports Medicine at the Ann
& Robert H. Lurie Children’s
Hospital of Chicago, thinks there
are benefits to tailoring ACL in-
jury prevention.  

“Individuals often differ re-
garding the collection of neuro-
muscular factors that need to be
addressed,” LaBella said. 

An important question, how-
ever, is how the tailored informa-
tion can be integrated into exist-
ing generic prevention programs.

“One possibility is for pro-
gram instructors to undergo
more comprehensive training
such that they are able to iden-
tify individual needs,” LaBella
said. “If class size can be kept
small, this allows the instructor
to keep a close eye on all par-
ticipants and make individual

adjustments.” 
But Silvers questioned the

feasibility, compliance, and ap-
plicability of tailoring ACL injury
prevention programs in a team
setting. 

“How do you introduce that
implementation to a team?” said
Silvers, who helped create FIFA
11+, an injury prevention pro-
gram designed for soccer play-
ers aged 14 years and older that
has been associated with signif-
icant reductions in lower extrem-
ity injury rates. “It would be very
difficult.” 
Sources:
Pappas E, Shiyko MP, Ford KR, Myer
GD, Hewett TE. Biomechanical deficit
profiles associated with ACL injury risk
in female athletes. Med Sci Sports
Exerc 2015 Aug 7. [Epub ahead of print]
Soligard T, Myklebust G, Steffen K, et al.
Comprehensive warm-up programme
to prevent injuries in young female
footballers: cluster randomised con-
trolled trial. BMJ 2008;337:a2469.



Risks of rigidus
Arthritis boosts hallux reamputation rates 

Patients with diabetic neuropathy and
hallux rigidus (HR) undergoing partial am-
putation of the hallux are 7.7 times more
likely to need reamputation than their
counterparts without HR, according to re-
search from Georgetown University in
Washington, DC. 

The surgeon-investigators retrospectively analyzed 52 patients with
a diabetic foot ulcer or plantar hallux infection who had undergone
partial hallux amputation. All had diabetic neuropathy and had
healed completely within six months of the initial hallux amputation;
31% had preoperative radiographic evidence of HR. 

Demographics and comorbidities between those with HR and
those without were not significantly different. After a mean follow-
up of 126 ± 89 weeks, 31% of the group with HR (n = 16, 11 men)
required reamputation for complicated surgical site reulceration,
compared with 6% of those without HR (n = 36, 23 men). 

Both arthritic and biomechanical changes can contribute to
reulceration among patients with HR, said Noah Oliver, DPM, lead
author of the study, which was epublished on August 6 by The
Journal of Foot & Ankle Surgery. 

“Some degree of limited joint mobility should be expected in
patients with long-standing diabetes due to progressive stiffening
of the collagen within the joint tissue, but any cause of limited mo-
tion, whether that is soft tissue stiffness or arthritic changes at the
hallux, can contribute to both the initial ulcer and recurrence, es-
pecially in patients with diabetic neuropathy,” said Oliver, who is

in the moment: diabetes

Two in three patients with diabetic foot
osteomyelitis heal with nonsurgical care
Nearly two thirds of patients with
diabetic foot osteomyelitis heal
with medical management alone,
with patients with metatarsal site
infection most likely to require
amputation, according to re-
search from the UK. 

Investigators from Norfolk
and Norwich University Hospitals
NHS Foundation Trust retrospec-
tively evaluated 85 patients with
diabetic foot osteomyelitis who
were treated initially with stan-
dard nonsurgical care. Nearly two
thirds (63.5%) reached remis-
sion, defined as no clinical or ra-
diological signs of osteomyelitis
at initial or adjacent sites during
the follow-up period of one year
after ending antibiotic therapy.
The median duration of antibiotic
therapy was 10.8 weeks.

Patients with osteomyelitis

affecting the metatarsals were
significantly more likely to un-
dergo amputation than those
with infection at other sites.
Those with absent pedal pulses
in the affected foot required a
longer duration of antibiotics (8.7
versus 15.9 weeks), but weren’t
more likely to need amputation.
The authors concluded the
slower healing in the latter group
warrants prolonged conservative
medical management before
considering amputation. 

The International Journal of
Lower Extremity Wounds epub-
lished the results on August 27. 
Source:
Zeun P, Gooday C, Nunney I, Dhatariya
K. Predictors of outcomes in diabetic
foot osteomyelitis treated initially with
conservative (nonsurgical) medical
management: a retrospective study. Int
J Low Extrem Wounds 2015 Aug 27.
[Epub ahead of print]

Annual emergency care for DFUs tops 
$8B, complications plague rural poor   
Diabetic foot ulcers (DFUs) cost
$8.78 billion per year in emer-
gency department (ED) care and
subsequent inpatient admissions,
with the rural poor at particularly
high risk for serious complications,
according to research from the
Southern Arizona Limb Salvage
Alliance at the University of Ari-
zona in Tucson.  

The investigators used Agen -
cy for Healthcare Research and
Quality data on healthcare costs
from 2006-2010 ED discharge
records of 1,019,861 patients
(mean age 62.5 years, 40.6%
women) with any DFU diagnosis.
They conducted multivariable
analyses for clinical outcomes of
patient dispositions from the ED
(81.2% were admitted), demo-
graphic and socioeconomic char-
acteristics, and comorbidities. 

Rural residence was associ-

ated with higher adjusted odds 
of major amputation (+51.3%),
minor amputation (+14.9%), and
inpatient death (+41.4%). Investi-
gators also observed independ-
ently increased odds of major am-
putation among Medicaid recipi-
ents (+21.1% versus Medicare)
and the lowest income quartile
regions (+38.5% versus highest
quartile regions). PLOS One epub-
lished the results on August 6. 

The authors suggested im-
proved systems for screening,
prevention, and coordinated care
of diabetic foot problems could
lower ED related costs. 
Source: 
Skrepnek GH, Mills JL, Armstrong DG.
A diabetic emergency one million feet
long: disparities and burdens of illness
among diabetic foot ulcer cases within
emergency departments in the United
States, 2006–2010. PLOS One
2015;10(8):e0134914. 

Continued on page 16
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Partial hallux amputation in a patient with hallux
rigidus. Image courtesy of Noah Oliver, DPM.  
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now a podiatric surgeon at
Ochsner Medical Center in New
Orleans.   

The retrospective nature of
the study meant the surgeons
could evaluate only radio -
graphic signs of HR.

“One might assume that
arthritis changes are more likely
to contribute to ulcer recur-
rence because the presence of
radiographic arthritis corre-
sponds with more advanced
hallux rigidus, but a prospective
study would be needed to learn
more,” Oliver said. 

The high reulceration rates
in the HR group highlight the
need for surgical or nonsurgical
offloading to prevent wound re-
currence and reamputation, he
said.  

“In the diabetic population,
an equinus deformity at the an-
kle is often present and can be

addressed with a gastrocne-
mius recession or Achilles
lengthening. A lateral radi-
ograph should be evaluated to
rule out anterior ankle arthritis
as a cause of equinus,” he said.
“A rocker bottom type shoe with
a custom molded orthotic and
shoe modifications such a
cutout under the hallux also
work well to offload the plantar
hallux.” 

Georgeanne Botek, DPM,
head of the Section of Podiatry
and medical director of the Di-
abetic Foot Clinic at the Cleve-
land Clinic in Cleveland, OH,
noted that, among this group of
patients, prevention is best. 

“A diagnosis of HR most of-
ten affects my prescription writ-
ing for footwear, which here
might be a Morton’s extension
or large metatarsal bar to off -

load the metatarsal heads,”
Botek said. “We often prescribe
a plantar pressure-based insole
that reduces pressure by about
30% at the metatarsal heads
for patients with healed meta -
tarsal head ulcerations, and this
could be another potential
group of patients we might pre-
scribe that for.” 

One unanswered question
among patients with HR who
require hallux amputation is
whether that procedure should
be partial or total. 

“There is the theory that
[total amputation] disrupts bio-
mechanics, but I don’t think we
have a lot evidence that, in re-
moving the base of the proximal
phalanx, we would see this
complication,” Botek said. “I
tend to remove the entire base
when dealing with hallux inter-

phalangeal joint osteomyelitis
or septic arthritis.”

Either procedure can po-
tentially be problematic, Oliver
noted. 

“Removing the entire hallux
has negative effects on foot me-
chanics and medial arch stabil-
ity due to disruption of the
windlass mechanism. This may
lead to transfer lesions under a
lesser metatarsal or lesser toe
deformity,” he said. “So, in a pa-
tient with hallux rigidus, both
procedures could result in a
reulceration. We don’t really
know which procedure is opti-
mal, but believe it is worth in-
vestigating.” 
Source: 
Oliver NG, Attinger CE, Steinberg JS, et
al. Influence of hallux rigidus on ream-
putation in patients with diabetes melli-
tus after partial hallux amputation. J
Foot Ankle Surg 2015 Aug 6. [Epub
ahead of print]
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In 1994, researchers analyzed the readability of educational mate-
rial about prosthetics and found that only four of 32 samples scored
at a level considered understandable by most consumers.1 Since
then, multiple studies of materials produced by other lower extrem-
ity healthcare organizations have reached a similar conclusion: A
substantial wedge of the population pie has consider-
able difficulty comprehending much of the educa-
tional material available to them.

Low health literacy affects some 80 million
Americans.2 Compared with the general pop-
ulation, they have more difficulty commu-
nicating with clinicians, more barriers
to managing chronic illness, a
lower likelihood of receiving
preventive care, a greater
likelihood of having serious 

Health literacy:  
The challenge of making 
clinical information 
accessible to patients

By Hank Black

Healthcare education
materials for
patients are
consistently written
at a reading level too
advanced for a
significant number of
people–a trend that affects
all aspects of lower extremity
care and can adversely affect clinical
outcomes. Some organizations are
starting to make health literacy a
priority, but that’s much easier said
than done. 
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medication-related mistakes, increased chances of hospitalization,
poorer quality of life, and shorter survival.2 Williams et al found that
21% of public hospital patients surveyed could not read instructions
on a fourth-grade level.3

Health literacy includes a range of skills that individuals need
to function effectively in a healthcare environment. Once defined
primarily in terms of reading ability, health literacy now can encom-
pass many other skills, including Internet navigation.4 There are
many definitions, but an inclusive one is incorporated in the Calgary
Charter on Health Literacy: “Health literacy allows the public and
personnel working in all health-related contexts to find, understand,
evaluate, communicate, and use information. Health literacy is the
use of a wide range of skills that improve the ability of people to act
on information in order to live healthier lives. These skills include
reading, writing, listening, speaking, numeracy, and critical analysis,
as well as communication and interaction skills.”5

Limited health literacy disproportionally affects not only those
with little or no education, but also the elderly, ethnic minorities, dis-
abled individuals, people with low socioeconomic status, and those
without proficiency in the primary language of their residence.6

And, for people with chronic and complex lower extremity con-
ditions that require a higher level of self-management—type 2 dia-
betes, for example—the inability to find, understand, and act on
information can seriously hamper their ability to be active partners
in many aspects of their own care.7

Another study of O&P educational materials’ readability was
published in 2009.8 Senior author George W. Brindley, MD, profes-
sor and chair of the Department of Orthopedic Surgery and Reha-
bilitation at Texas Tech Health Science Center in Lubbock, said the
materials on average were written at a 12th-grade reading level. 

“To improve healthcare outcomes, there needs to be access to
appropriate information for everyone, including videos in the clinic
setting or even a reading list or website for viewing,” Brindley said.
“It would also be helpful to require patient participation in classes,
physical therapy, and home preparation prior to elective surgery.” 

Michael J. Highsmith, PhD, DPT, CP, FAAOP, president of the
American Academy of Orthotics and Prosthetics (AAOP), acknowl-
edged the growing importance of health literacy. 

“There is more emphasis today on health literacy, and we need
to continue to shine a light on it and make sure that our instructional
and other material is presented in a way the patients can under-
stand and act on,” Highsmith said. “A person with a new amputation
of a leg shouldn’t be expected to retain all of the verbal instructions
provided to them in that kind of stressful and acute healthcare situation.
Their lack of comprehension during this very busy period could
lead to a degree of skin breakdown and discomfort that could
cause the patient to disuse or reject their prosthetic de-
vice. It is for this reason that the academy is focusing
on health literacy.”

Now a high priority
Yet the AAOP and other organizations 
acknowledge that, despite the best of
intentions, health literacy is continu-
ally in danger of being pushed
down their priority lists. 

“An update of our web-
site, and both our consumer
and professional literature,

will be discussed at our strategic planning session,” Highsmith said.
“It’s obvious that this will require additional resources in finances
and time, but I am hopeful it will maintain its high priority position.”

The popularity of the Internet has created a surge in the amount
of material available to consumers.9 A 2014 survey conducted by
the Pew Internet Project found that 87% of adults in the US use the
Internet (58% own a smartphone), and 72% of Internet users say
they looked online for health information within the past year.10

About 14% do not have the basic health literacy skills to navigate
their health issues.11

The average US adult reads at the eighth-grade level,12,13 and
fourth-grade text is difficult to comprehend for one in five US
adults.9 National organizations such as the American Medical As-
sociation (AMA) and the National Institutes of Health say patient ed-
ucation materials should aim for a sixth-grade readability level.11

Recent studies indicating that patient education materials are
of poor quality, or written at a reading level too advanced for many
to understand, have focused on materials created by medical spe-
cialty groups as well as condition-specific material that a consumer
might find in an Internet search. Agarwal et al14 analyzed the quality
of patient education materials from 16 professional medical organ-
izations and found that none met the recommended sixth-grade
maximum readability level—or even the seventh- to eighth-grade
reading ability of the typical American adult. By one measure, one
specialty group’s material was unclassifiable because its complexity
was beyond the graduate school level.

Most organizations have acknowledged the problem and made
varying efforts to improve their materials. E. Anne Reicherter, PT,
DPT, coauthored a 2008 analysis of the website of the American
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Physical Therapy Association (APTA) and calculated that at least
85% of the 14 online brochures reviewed were written at a reading
level higher than sixth grade.15 Reicherter, now a senior practice spe-
cialist at the APTA, said that the organization has addressed those
problems through its official consumer information website, Move
ForwardPT.com. A review process now ensures the site meets
healthy literacy standards, including better design as well as linguis-
tic readability, she said.

“Better design is now considered part of health literacy be-
cause it makes text easier to read and the website easier to navi-
gate,” she said. “Things like contrasting colors and larger type take
into account the aging vision of the older patient demographic.”

Some experts have difficulty believing complex material can be
written simply and still maintain its quality. Although the APTA has
not formally reassessed the readability of its materials, Reicherter
acknowledged that current APTA consumer material is geared to
ninth-grade readability. 

“It’s difficult to condense complex medical topics and terminol-
ogy into two-syllable words, which helps with readers at a sixth-
grade reading level,” she said. “We try to include more definitions
and explanations in place of medical lingo. It’s an ongoing effort.”

Online patient education materials available from multiple or-
thopedic surgery websites frequently exceeded recommended
readability levels in published studies.11,16,17 Feghhi et al found the
current American Academy of Orthopaedic Surgeons website ma-
terials have improved since a 2007 analysis but are still above the
average US adult reading level.18

Brett Owens, MD, chair of the publications committee of the
American Orthopaedic Society for Sports Medicine, said writing
below the eighth-grade level is a challenge for medical professionals.

“We try to be the storehouse of information that people can
trust, so the quality of the content is highly important to us,” Owens
said. “And sometimes going too low in literacy level seems to dilute
the quality.” 

To help deal with low health literacy, Owens, a professor of or-
thopedic surgery at Brown University in Providence, RI, said clini-
cians might suggest patients be accompanied by a relative or friend
to help them understand verbal as well as written explanations and
instructions. 

“We also can use vetted models, illustrations, and especially
videos right there in the clinic to back up our conversations with
patients,” he said. 

A 2014 publication by Sheppard et al noted that limiting sen-
tences to 15 words or fewer lowered the reading levels of most foot
and ankle patient education literature by an average of 1.41 grade
levels per article. It also recommended providing simple, stepwise
instructions to those writing such articles.19

For several years the Amputee Coalition, a consumer advocacy
and patient education organization, produced two different sets of
informational material, one called EasyRead, with text at a sixth-
grade level, the other at a more typical 10th-grade level. 

“The effort was abandoned a couple of years ago after an
analysis that showed the EasyRead material was not being used as
much as we thought it should be,” said George C. Gondo, MA, of
Knoxville, TN, director of research and grants for the group. “It turns
out that people don’t like to think of themselves as having low read-
ing skills.”

The coalition attempts to produce material at about the eighth-
grade level of reading. 

“We wind up being closer to the ninth-grade level,” Gondo said.
“This is a complex field with many technical terms, and it can be dif-
ficult to get patient education materials about prosthetic devices
down to a lower reading level. We feel it does consumers a disserv-
ice if we don’t use terms they will likely encounter in their interac-
tions with healthcare providers. But if we use a technical term, we
will immediately define it in an understandable way.”

The Amputee Coalition and other organizations use an advisory
board of consumers and professionals to help ensure the materials
are accessible to patients and include quality information. 

Jeffrey D. Lehrman, DPM, who has a podiatry practice in Spring-
field, PA, pointed out that patients searching the Internet for infor-
mation on a health matter often find inaccurate or misleading
material. 

“Forums and chat rooms are highly anecdotal and not based
on evidence, so I emphasize the importance of practitioners putting
out high-quality information on our own websites and through social
media,” Lehrman said. “It’s not only powerful marketing, but it also
gives us the opportunity to put correct information out there in
terms patients can understand. Remember that a patient will search
for ‘bunion’ or ‘big toe joint pain’ rather than ‘hallux valgus.’”

Lehrman recently presented the American Podiatric Medical
Association’s first session on how to communicate information to
patients using the Internet and social media. He said such sessions
that include health literacy recommendations are attracting more
attention among his colleagues, though he noted that some organ-
izations question whether the subject deserves to receive continu-
ing education credits. 

“I argue that the doctor has the responsibility to provide good
information using the technology we did not have twenty years ago,”
Lerhman said. “You can hand an instructional sheet to one person,
but putting it on the web can reach many thousands of people.”

The ‘art’ of communicating
One 2015 publication identified 43 different instruments for measuring
health literacy.20 Some methods can take an hour to administer and
are best suited for researchers. Others can be administered in less
than five minutes and therefore are more likely to be used in clinical
settings. The latter category includes the Revised Rapid Estimate of
Adult Literacy in Medicine (REALM-R),21 the Test of Functional Health
Literacy for Adults (TOFHLA),22 the SMOG (Simplified Measure of 
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Gobbledygoop) Readability Calculator,23 and the Newest Vital Sign
(NVS).24 Duell et al determined that the NVS is the most practical in-
strument to use quickly in a clinical setting, but also called for the de-
velopment of a more encompassing instrument that would be
applicable in the clinic as well as in general health promotion.20

Yet, due to limitations on their time, most practitioners have
grown used to assessing patients’ health literacy level informally and
quickly as they initiate the clinic visit and take a history and physical. 

“It’s hard to say exactly how to solicit a person’s level of health
literacy, partly because it’s part of the art of the doctor-patient 
interaction,” Owens said.

Determining a patient’s level of understanding is a constant
challenge, said Amy Darragh, PhD, OTR/L, FAOTA, associate pro-
fessor of occupational therapy at Ohio State University in Columbus. 

“People desire different types of information from healthcare
providers,” Darragh said. “While there are measures available to as-
sess whether someone can take their medications and understand
some jargon, we need to develop a method to assess other skills,
for example, their ability to synthesize information from multiple
healthcare providers and use it to manage their own care.”

Darragh also wants to see the healthcare field provide leader-
ship in helping families and individuals learn how to search the In-
ternet for science-based information. 

Coping with low health literacy
In three 2010 studies of material given to parents with children in
early intervention, Kris Pizur-Barnekow, PhD, OTR/L, found that crit-
ical information was often inaccessible to families with low health
literacy levels.25-27

“However, if people with low health literacy can be taught
strategies such as bringing along someone to help, or adaptive
mechanisms to use that are as simple as putting the medication
schedule on the refrigerator, they can manage their care better,”
said Pizur-Barnekow, an associate professor of occupational therapy
at the University of Wisconsin-Milwaukee.

To help determine a patient’s health literacy and find ways to
communicate at that level, Pizur-Barnekow, Lehrman, and others
recommend use of communications toolkits available from organi-
zations such as the US Department of Health and Human Services
(HHS),28 the AMA,29 and the American Diabetes Association.30

Several experts cited the teach-back method found in the tool -
kits as a common strategy for determining how well patients under-
stand what they are told. This method has the clinician ask a patient
to explain or demonstrate what he or she has just heard.

“It’s humbling to realize how little some patients can repeat,”
Lehrman said. “That’s something of an indictment of our communi-
cation skills.”

Lower limb practitioners concerned about whether a patient
comprehends instructions but with too little time to assess their
health literacy may refer patients to diabetes educators or other al-
lied health professionals who are trained in health literacy assess-
ment, said Kellie Antonori-Lent, MSN, RN, ACNS-BC, BC-ADM, CDE,
a diabetes educator and clinical nurse specialist at UPMC Shadyside
Hospital in Pittsburgh, PA. 

“Diabetes educators have the time, clinical knowledge, and skill
set to educate and support patients in all their care and self-
management issues, including health literacy,” Antonori-Lent said. 

Health literacy training can help ensure patients with diabetes
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understand the importance of foot self-examinations and other as-
pects of self-care, she said.

“We have them repeat back the steps and perhaps demon-
strate how they check their foot, and emphasize that they must re-
member and incorporate that into their everyday routine,”
Antonori-Lent said. “We have to be sure that the wound won’t
worsen under self-management.”

Making sure the patient understands written and verbal instruc-
tions was not part of the conversation in some fields until recent
years. Today, it’s an accreditation standard and an important part of
the curriculum in several areas of study, including physical therapy
and occupational therapy. 

“It’s our responsibility to help students understand how impor-
tant it is and that physicians and clients expect that of us now,” Pizur-
Barnekow said.

A systems approach
Historically, health literacy was viewed as a trait of the individual
consumer, but it has broadened to include healthcare professionals
and health systems, said Terri Ann Parnell, MA, DNP, RN, of Garden
City, NY. Formerly the vice president for health literacy and patient
education for the North Shore LIJ Health System in New York, Par-
nell is principal and founder of Health Literacy Partners and a mem-
ber of the Institute of Medicine Roundtable on Health Literacy. 

“The biggest shift today is that organizations [such as health
systems] are trying to embed health literacy as an organizational
value, creating a culture that doesn’t treat it as a one-off program,”
she said.

Brindley of Texas Tech said, “Health literacy is becoming more
of a priority to hospitals and clinics. Some now even require patients
to go to a class that discusses expectations of and how to prepare
for elective surgery.”

So the question remains: Is health literacy, maturing as a field,
poised to become the norm? 

“We are still a good bit away from having enough people in
healthcare who ‘get it’ about how important health literacy is to pa-
tient care and satisfaction,” Lehrman said. “But we are coming to
believe. We’re definitely getting there.” 

Hank Black is a medical writer in Birmingham, AL.

References are available at lermagazine.com.
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Knee OA, biomechanics,
and progression to TKA

The frontal and sagittal plane gait bio -
mechanics associated with progression
to total joint replacement in patients
with knee osteoarthritis, particularly
variables related to sustained loading,
may be promising new targets for con-
servative interventions.

By Cheryl Hubley-Kozey, PhD, and Gillian Hatfield, PT, PhD

Osteoarthritis (OA), the most prevalent type of arthritis, is charac-
terized by damage to articular cartilage, a protective layer over the
ends of bones, leading to changes in other joint structures (bones,
ligaments, muscles, and nerves) that subsequently result in pain,
stiffness, and functional disability in adults.1 OA is common at the
knee joint, more so in the medial tibiofemoral compartment than
the lateral compartment. For people older than 65 years knee OA
results in more difficulties in performing activities of daily living, such
as walking or climbing stairs, than any other medical condition.2

Currently, there is no cure for knee OA. Nonsurgical interventions
have focused primarily on pain relief, and include pharmaceuticals,
exercise, and various therapeutic modalities, with total knee arthro-
plasty (TKA) the main treatment for individuals with advanced OA. 

Unfortunately, TKA rates are rising. In the US, the demand for
primary TKA is projected to grow 673% between 2005 and 2030,
to 3.48 million procedures,3 and five-year increases of 21.5% were
reported for 2012 to 2013 in Canada.4 However, not all individuals
with knee OA are suitable candidates for surgery, and not everyone
is satisfied with the results of surgery.5 Furthermore, residual func-
tional deficits exist after TKA.6,7 While more than 35% of patients
receiving TKA are aged between 65 and 74 years, the cohort aged
55 to 64 years had the largest five-year percentage increase from
2008 to 2009 (14% and 16.5% increases for men and women, re-
spectively).4 This is concerning because knee implants have a life -
span of 15 to 20 years, so TKA is not an ideal solution for younger
people as they will likely require at least one revision, and patient
satisfaction and clinical outcomes diminish following revision sur-
gery.8 Alternative interventions aimed to slow knee OA progression
and ideally delay or even prevent the demand for TKA are crucial. 

OA processes have two components: the disease (structural
damage) component and the illness (symptom) component, de-
scribed by Lane et al,9 and these two components are not always
well-correlated.10 Thus, TKA offers an identifiable clinical endpoint,
with surgical decisions based on both components, ie, patient 
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Findings related to muscle activity during
gait and progression to TKA may explain
why interventions to improve joint stability
can impact symptoms but not KAM.
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complaints of pain and functional deficits as well as radiographic
evidence of joint structural damage.11 Developing interventions to
reduce rates of TKA requires an understanding of the factors re-
sponsible for more rapid progression to TKA in some patients with
moderate OA, specifically modifiable factors.  

Pharmaceutical interventions represent the most commonly
used category of nonsurgical interventions and, though effective at
reducing pain and improving functional deficits,12 most are not de-
signed to slow structural damage. In fact, masking knee OA pain
with medications might accelerate progression, as decreased pain
intensity is associated with increased dynamic knee joint loading in
patients with mild to moderate knee OA, a change that can create
a negative mechanical environment on the joint.13 Early research
into disease-modifying osteoarthritis drugs that aim to inhibit de-
structive enzymes12 shows promise. However, OA is a mechanically
induced disorder, so if the negative biomechanical environment is
not addressed, any pharmaceutical treatment is unlikely to provide
a long-lasting benefit.14

Less used are conservative nonpharmacological interventions
that target the biomechanical environment, such as braces, heel
wedges, and exercise. Resistance to using these interventions has
developed in part because the collective results of conservative in-
terventional studies are equivocal for pain and symptom outcomes,
which sometimes do not relate well with the biomechanical out-
comes measured in these studies. Part of this disconnect can be
explained by lack of correlation in the literature between structural
damage and worsening of pain.10 Perhaps another explanation is
that studies so far have focused on one biomechanical factor, the
peak external knee adduction moment (KAM). KAM is a surrogate
measure for the ratio of the medial-to-lateral load on the knee joint,
as it has been significantly correlated with medial compartment con-
tact force and the ratio of medial compartment to total knee force
as measured by an instrumented knee prosthesis.15 Peak KAM has
been identified as the key biomechanical target and hence the main
outcome in interventional studies of medial compartment knee OA,
based primarily on cross-sectional studies of OA and gait, as well
as one well-cited longitudinal study.16

More recently it has been recognized that, to understand the
loading environment, one needs to consider 3D loads and muscle
forces. New evidence suggests that dynamic knee loading charac-
teristics, including frontal and nonfrontal plane moments, during gait
are linked to knee OA progression, predominantly structural pro-
gression. These findings are fundamental, as structural progression
is a component of TKA clinical decision-making. 

Gait and structural progression
The hallmark longitudinal study by Miyazaki et al published in 2002
reported higher peak KAM in those who had increased medial joint
space narrowing based on radiographic grades over six years than
those who did not.16 Using logistic regression analysis, the risk of
radiographic progression of knee OA increased more than six-fold
with every 1% increase in peak KAM.16 As a result of its relationship
with medial compartment loading,15 and particularly with knee OA
progression,16 peak KAM has become the most common biome-
chanical gait variable used as a target for conservative interventions.
Orthotic devices such as lateral wedge insoles17 and valgus unloader
braces,18 muscle strengthening exercises,19 and gait modifications20

have all been recommended to reduce the magnitude of peak KAM. 
Two recent studies using magnetic resonance imaging (MRI)

have supported the predictive value of peak KAM in knee OA struc-
tural progression. In a small sample of 16 individuals with predom-
inantly mild to moderate disease (Kellgren Lawrence [KL] grade 1-3),
higher baseline KAM peaks were associated with five-year changes
in the ratio of medial-to-lateral compartment cartilage thickness in
the femur.21 A study using a large cohort (n = 391 knees) with a
range of OA disease severities also found that higher peak KAM at
baseline was associated with greater numbers of bone marrow le-
sions detected using MRI at two-year follow-up.22 However, another
longitudinal MRI study found no predictive value for peak KAM in
detecting medial cartilage volume loss at one-year follow-up in a
cohort (n = 144) with moderate OA disease (KL grade 2-3).23 The
latter finding might be explained by the shorter follow-up period,
but also might reflect a potential limitation of peak KAM as a meas-
ure, as it represents only one point in the gait cycle (usually during
weight acceptance), and thus only a fraction of the information
within the entire waveform is being evaluated. 

KAM impulse (the integral of the nontime-normalized KAM
waveform) has been identified as an alternate outcome measure,
as it considers both the magnitude and duration of knee loading
throughout the gait cycle.24 KAM impulse is related to knee pain,25

and, importantly, has been found to be predictive of knee OA struc-
tural progression. In two MRI studies, higher KAM impulse at base-
line was associated with greater cartilage volume loss over 12
months,23 as well as with both worsening of bone marrow lesions
and medial cartilage volume loss at two-year follow-up.22

Collectively, these results support that KAM characteristics
(peak and impulse) are predictive of structural progression out-
comes, but show that the specific variable assessed has an impact
on the outcome. KAM, however, is limited as it provides a measure
of the ratio of medial-to-lateral compartment loading, whereas the
external knee flexion moment (KFM) is related to the overall loading
environment. 

Two longitudinal biomechanical studies have taken both mo-
ments into consideration in the past year. In the first study relating
nonfrontal plane moments to knee OA structural progression, peak

Continued from page 25

26 09.15 lermagazine.com

Continued on page 28

Istockphoto.com #72442407



medi. I feel better.800.633.6334

Introducing the
medi Tele-ROM 
Knee Brace
Ease of use, adjustability, comfort

Featuring:
• Telescoping struts

• Simple rotate and release flexion 
   and extension settings

• Drop lock button

• Quick-release buckles for 
   easy application

• Available in cool and full foam versions

PDAC –approved for L1832 or L1833

™



KAM at baseline had a greater influence on the five-year change in
the ratio of femoral medial-to-lateral compartment cartilage thick-
ness than peak KFM at baseline; including the baseline peak KFM
in the model added to the overall variance explained (40%).21 Fur-
thermore, peak KFM at baseline was the most significant predictor
of changes in the tibial medial-to-lateral compartment cartilage
thickness ratio, explaining 40% of the variance.21 Interestingly, pain
added to the prediction model (60% total variance explained) for
the femoral changes, whereas walking velocity added to the tibial
prediction model (49% total variance explained). This study sample
was small, and the second, larger cohort study showed no predic-
tive value for the KFM peak and MRI outcomes, but the follow-up
time for the larger cohort was only two years.22

Although different predictor variables, follow-up times, and pro-
gression outcomes were used in these four longitudinal studies, all
showed that external knee joint moment features were related to
structural progression. Thus, these results suggest that focusing only
on one biomechanical target (eg, peak KAM) may be an oversim-
plification, and the effect of changing one feature on other mechan-
ical factors should be addressed when identifying biomechanical
targets. For example, Chehab et al’s finding of higher early peaks
for both moments21 supports a higher overall peak joint load in pa-
tients who experienced cartilage changes; therefore, determining
how to alter both moments simultaneously should be considered.
Predictive models provide the basis for identifying potential targets,
but establishing validity will require interventional studies that in-
clude quantitative measures of structural progression as opposed
to using only pain as the main outcome. 

Because structural changes are poorly correlated with patient
symptoms,10 the biomechanical factors driving structural progres-
sion may differ from factors driving symptom progression. Differ-
ences in mechanisms may explain why interventions aimed at
reducing KAM variables might not always be accompanied by de-
creases in pain. TKA is a clear progression endpoint that includes
both symptom and structural aspects of progression, with both as-
pects considered in TKA surgical decision-making.11 Determining
whether biomechanical factors are predictive of progression to TKA
could refine the identification of biomechanical targets and outcome
measures for developing conservative interventions with clinically
important outcomes.

Gait biomechanics and progression to TKA
Less work has been done on symptom progression, with one longi-
tudinal study finding a higher peak KAM at baseline during a variety
of activities in a group of older adults who developed chronic knee
pain at three- to four-year follow-up than in those whose pain did
not progress.26 In Miyazaki et al’s hallmark study,16 a subset of par-
ticipants went on to have TKA. These participants were not analyzed
subsequently in the structural progression aspect of the study; how-
ever, their descriptive data showed they were older and had greater
varus knee joint angles and higher pain scores than the nonsurgical
group, indicating that their OA was indeed more severe at baseline.
Consequently, the higher peak KAM also found in the group that
progressed to TKA is likely not an independent predictor of the
need for surgery. 

In a recent study of 54 participants with moderate medial com-
partment knee OA, we found that 3D gait biomechanics differed at
baseline between those who progressed to TKA within seven years

and those who did not, despite similarities in other factors related to
knee OA progression, such as age, sex, body mass index, frontal
plane angle, radiographic disease severity, pain, and physical activity
level.27 Both KAM and KFM dynamic characteristics, determined
using principal component analysis,28 were significantly different at
baseline between those who progressed to TKA (n = 26) and those
who did not. Specifically, a higher overall KAM magnitude, a smaller
difference between the early stance and midstance KAM magnitudes,
and a smaller knee flexion/extension moment range were found in
those who progressed to TKA.27 The higher overall KAM magnitude
indicates an increased ratio of medial compartment loading relative
to lateral compartment loading throughout the entire gait cycle, and
is consistent with the previous studies linking higher KAM im-
pulses22,23 and peaks16,21,22 to structural progression. This is not sur-
prising, since structural progression is part of TKA decision-making,11

and these magnitude features are highly correlated.29

The novel finding of our study was that the dynamic patterns
capturing the differences in early to mid- and late-stance magni-
tudes for both KAM and KFM differed between the TKA and no-TKA
groups. Although these features had been previously associated
with knee OA severity,30 they had not been related to progression.
The smaller difference between the early and midstance KAM at
baseline in the group that progressed to TKA is indicative of a
greater ratio of sustained compressive loading pattern on the medial
compartment during midstance, which may be detrimental to car-
tilage.27 The smaller knee flexion/extension moment range at base-
line in the group that progressed to TKA is consistent with a
“stiff-knee” gait and sustained loading.27

The discriminate analysis indicated that both KAM and KFM
features were significant predictors for progression to TKA.27 The
gait model was adjusted by including frontal plane alignment, KL
grade, and medial joint space narrowing scores from radiographs,
self-reported pain scores, stiffness and function, age, sex, and mass.
The same gait variables (and no other demographic or clinical vari-
ables) emerged as significant discriminators. Logistic regression
analyses determined that a one-unit increase in model score in-
creased the odds of progression to TKA six-fold.27

The finding that a smaller knee flexion/extension moment
range, as opposed to a higher peak KFM (as seen in the Chehab et
al study21) was associated with progression to TKA lends support
to the idea that some biomechanical factors for structural progres-
sion versus progression to TKA may differ. The frontal and sagittal
plane gait biomechanics associated with knee OA progression, par-
ticularly those related to sustained loading, may be promising new
targets for conservative interventions. How these variables can be
altered, however, requires an understanding of the underlying cause
of these altered gait patterns. 

Future research
We are presently focusing on the relationship between soft tissue
envelope and knee joint mechanics, specifically muscle strength
and activation patterns, to offer insight on potential modifiable vari-
ables in those with knee OA who progress both structurally and to
TKA. Higher and prolonged agonist and antagonist muscle activity
is seen in those with knee OA31 and is related to disease severity,32

with preliminary findings showing these patterns exist in those who
progress to TKA.33 The higher activity might reflect a strength deficit
or more severe pain, but quadriceps and hamstring muscle strength
was not significantly different between groups at baseline, nor did

Continued from page 26
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pain scores differ between the groups that progressed compared
with those that did not.33 Prolonged muscle activation and coacti-
vation is thought to increase joint stability, suggesting more insta-
bility in the TKA progression group, though joint space narrowing
scores were not different. 

Together these activation patterns, however, have the potential
to increase and sustain compressive joint contact loads, consistent
with the dynamic loading changes observed in those who progress
to TKA. In fact, prolonged activity of both hamstrings and quadriceps
during midstance was correlated with both the KFM and KAM un-
loading features in a preliminary analysis (ie, more prolonged activity
was correlated with less unloading).34 These results suggest that
simply increasing muscle strength may not be the optimal target for
knee OA interventions; potentially, finding a solution to the instability
problem through bracing or other methods may be warranted. 

Essentially, confirming that higher, more prolonged muscle ac-
tivity during gait is related to the gait biomechanics predictive of
progression to TKA provides a better explanation as to why inter-
ventions such as neuromuscular training, muscle strengthening pro-
grams, or bracing to improve joint stability can impact symptoms
but not KAM magnitude. The gold standard to establish clinical va-
lidity for these biomechanical metrics will require long-term follow-
up interventional studies to determine if alterations are associated
with reduced risk of progression both structurally and symptomati-
cally using TKA as an outcome.

Clinical implications
Much of the longitudinal research has focused on structural pro-
gression, with evidence emerging that frontal and sagittal plane

knee biomechanics during gait play a role in knee OA disease pro-
gression. Thus, loading in both frontal and sagittal planes of motion
may be important targets to consider in the development and as-
sessment of conservative interventions. At present, there is little re-
search quantifying the role of gait biomechanics in the progression
of knee OA symptoms or progression to TKA. Based on previous
studies on knee OA structural progression, and the one study on
progression to TKA, KAM magnitude offers a potential biomechan-
ical target for interventions, but basing conservative interventions
on a single biomechanical target is likely too simplistic. 

Although some variability associated with the type of healthcare
system and the patient’s willingness to undergo surgery may impact
surgical decisions, our statistically validated TKA prediction model
was robust, and a next step is to validate a new test set to establish
clinical value. Similar validations are needed for the structural pro-
gression studies, as no statistical or test set evaluations were per-
formed in the four main studies presented.  However, consistency
in the general findings supports the integration of features other
than peak KAM into the development and evaluation of conserva-
tive treatments aimed to delay or prevent TKA.  

Cheryl Hubley-Kozey, PhD, is a professor in the schools of physio-
therapy, biomedical engineering, and health and human perform-
ance, faculties of health professions, medicine, and engineering at
Dalhousie University in Halifax, Nova Scotia, Canada. Gillian Hatfield,
PT, PhD, is a licensed physiotherapist and postdoctoral fellow in the
Motion Analysis and Biofeedback Laboratory at the University of
British Columbia in Vancouver, Canada. 
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Tibial stress fractures: An
evidence-based approach

Study findings suggest that increased
loading rates and tibial acceleration are
associated with an increased risk of sus-
taining a tibial stress fracture. Interven-
tions directed at reducing these impact
variables may decrease the incidence and
recurrence of this serious injury.

By CPT Jamie B. Morris, DPT, OCS, CSCS, and LTC Donald L. Goss, PT,
PhD, OCS, ATC

Stress fractures are a common overuse injury of the bone attributed
to the repetitive strain associated with impact activities such as run-
ning and marching.1 Stress fractures are among the most common
injuries sustained by runners and military populations. They are
among the top 10 overuse injuries and account for up to 50% of
all injuries in runners and military recruits, with an annual incidence
of up to 31%.2,3

The tibia is the most commonly injured bone and accounts for
33% to 55% of stress fractures.2 Tibial stress fractures (TSF) have
one of the highest recurrence rates, ranging from 10.6% to 36% in
military recruits.2 TSF are also associated with a long recovery pe-
riod, often requiring up to 12 weeks of activity modification.4 This
can lead to diminished cardiovascular fitness in soldiers and athletes
due to reduced training.5 TSF not only result in a loss of physical fit-
ness, but also result in considerable financial loss, including an es-
timated $6.2 million annually related to US Army recruits discharged
from basic training due to this injury.6

It is important to understand the etiology of the injury and ap-
propriate management and preventive methods to reduce the inci-
dence of TSF and its rate of recurrence. Stress fractures often
develop because of multiple influences, such as biomechanical, hor-
monal, nutritional, and genetic factors.1 An understanding of the
pathophysiology, epidemiology, biomechanics, and diagnosis, as
well as modifiable risk factors, can help practitioners take steps to
reduce the incidence and recurrence of this costly injury.

Pathophysiology
During weight bearing and impact activities such as running and
marching, the skeleton is exposed to mechanical loading, which
causes bone to deform. The amount of deformation depends on
the magnitude of the load and the ability of the bone to resist de-
formation, or strain. The amount of strain caused by running and
marching is much smaller than the degree required to fracture 
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is much smaller than the degree required to
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causing microdamage over time.
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cortical bone, but is still capable of causing microdamage over
time.7

Wolff’s law states that bone remodeling is a response to applied
mechanical stress. It is a function of the number of loading cycles,

cycle frequency, and the amount of strain.1 Bone remodels though
continuous osteoclastic and osteoblastic activity that occurs
throughout life. Remodeling normally repairs microdamage as it oc-
curs, and osteoblasts deposit new bone to create a new structural
unit that can withstand greater loads. This adaptation decreases the
degree of bone strain associated with a given load, so greater loads
are tolerated without microdamage formation.7 However, if exces-
sive loads or cycles continue at a faster rate than skeletal repair can
be maintained, a stress injury will occur because of excessive bone
strain and the accumulation of microdamage.1

Epidemiology
TSF occur most frequently in association with high-impact activities
due to the repetitive mechanical loading of the bone. The greatest
incidence of tibial stress injuries has been reported in long distance
runners and military populations.8 One third of cross-country run-
ners report a history of stress fracture, and the sport’s annual inci-
dence can be as high as 21%. Of those reported, half occur in the
tibia. Meanwhile, 10% to 12% of those athletes will sustain another
stress injury within two years.9,10 The literature is mixed on the dif-
ference in incidence rates between male and female athletes. Ben-
nell et al demonstrated no difference in incidence between male
and female track and field athletes in a one-year prospective study.9

Arendt el al, however, found the incidence of stress fractures in fe-
male collegiate athletes was double that of their male peers.11

The reported incidence of stress fractures among US military
trainees is 4.8%12 to 19%,13 and as high as 31% in Israeli trainees.14

It is more common in military populations for women to sustain a
stress injury; a female recruit is 3.5 times more likely to develop a

Continued from page 31
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Figure 1. Vertical ground reaction force (GRF) curve with the variables of interest,
average vertical loading rate (AVLR) and instantaneous vertical loading rate (IVLR).
Note that both vertical loading rates (AVLR and IVLR) were calculated in the region
between 20% and 80% of the impact peak. (Adapted from http://runblogger.com/
2011/02/vertical-impact-loading-rate-in-running.html.)
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stress injury than a male recruit.15 Lastly, older military recruits are
more likely to sustain a stress injury than their younger counterparts.
The risk of injury increases to 5% for Army recruits older than 29
years,15 and Marine recruits older than 21 years are twice as likely
as younger recruits to develop a stress fracture.16 The recurrence
rate for stress fractures in a military training population is also con-
siderable, ranging from 10.6% to 36%.2,3

Risk factors
With such a high incidence and rate of recurrence, it is important
to understand the risk factors for stress fractures to prevent and
manage these injuries. The cause of stress fractures is multifactorial,
but ultimately depends on the bone’s ability to resist deformation.
Therefore, risk factors can be divided into extrinsic factors, which
refer to the loads that cause deformation when applied to the bone,
and intrinsic factors, which refer to the ability of the bone to resist
a load.1,7 Extrinsic factors include training regimen, footwear, training
surface, and biomechanical factors.1 Intrinsic factors include gender,
age, race, diet, and endocrine status. This review focuses on the
biomechanical extrinsic risk factors that are associated with TSF.

Biomechanical factors can be subdivided into those related to
abnormal loads applied to a normally aligned bone and those re-
lated to abnormal motion from normal forces applied to an abnor-
mally aligned bone.7 Multiple studies provide evidence that
abnormal loading is associated with an elevated risk of TSF. Abnor-
mal loading may be attributed to increased ground reaction forces
(GRF), loading rates, tibial acceleration, and free moments. 

GRF is the force exerted on a body by the ground it is in contact
with (Figure 1). Typical peak vertical GRF with running is between
1.5 and 3.5 times body weight (BW).17 There is minimal evidence that
GRF magnitude is associated with the risk of TSF.18–20 However, there
is both retrospective and prospective evidence that GRF loading
rates are associated with TSF.  

Average vertical loading rate (AVLR) and instantaneous vertical
loading rate (IVLR) refer to the amount of time it takes from initial
contact to the first impact peak on a GRF curve (Figure 1)—in other
words, how quickly the impact force is applied to the body. In two
retrospective studies,20,21 individuals with a history of TSF were
matched for age and running mileage to individuals without a history
of stress fracture. Those with a history of stress fracture had signif-
icantly greater AVLR and IVLR than those without. Prospectively,
Davis et al22 also identified a greater AVLR and IVRL in female run-
ners who went on to develop a TSF.

Another abnormal loading variable attributed to TSF is tibial ac-
celeration. An accelerometer strapped to the tibia can measure the
physical acceleration of the tibia during stance phase of running
(Figure 2). The variable of interest is the peak positive acceleration

If excessive loads or loading cycles occur at a
faster rate than skeletal repair can be main -
tained through remodeling, a stress injury will
result because of excessive bone strain and
the accumulation of microdamage.

Continued on page 34
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(PPA), or the highest acceleration measurement during stance
phase on a tibial acceleration curve.20 Retrospectively, Milner et al20

and Pohl et al21 determined that female runners with a history of
TSF had greater PPA (by almost 2 g) than matched controls. They
accurately predicted group membership 70% of the time based on
the magnitude of PPA.20 Prospectively, Davis et al22 detected a PPA
almost two times greater in female runners who later developed a
TSF compared with matched controls.   

Free moment has also been associated with tibial stress frac-
tures. This is the torque about a vertical axis due to the friction be-
tween the foot and the ground during stance phase of running. Free
moment acts to resist foot abduction (toeing out) during the first
70% of the support phase of stance and resists foot adduction (toe-
ing in) during the late support phase of stance (Figure 3).18,19 This
results in a torsional load applied to the tibia. Milner et al19 and Pohl
et al21 reported significantly greater free moment in runners with a
history of TSF compared with matched controls. They were able to
accurately predict group membership 66% of the time based on
the magnitude of free moment.19

Running requires greater range of motion than walking to ease
large ground reaction forces, so joint kinematics have been studied
to identify risk factors associated with TSF. Pohl et al21 reported
greater peak hip adduction, peak knee internal rotation, and peak
rearfoot eversion in runners with a history of TSF. The joint kine-
matic variables combined with free moment had a significant pre-
dictive relationship for stress fracture. The combination of hip
adduction, knee internal rotation, rearfoot eversion, and free 
moment correctly classified 83% of runners into the appropriate
group. Lastly, Cameron et al23 demonstrated prospectively that
knee valgus and internal rotation during a jump-landing task are
associated with a two- to four-times greater incidence of lower ex-
tremity stress fractures.

Diagnosis
Individuals with a TSF often have a predictable history that includes
the gradual onset of pain, typically described as a diffuse ache that
worsens with continued impact activity. Often, the patient has 
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Figure 2. Peak positive acceleration (PPA), the highest acceleration measurement on
a tibial acceleration curve during stance phase of running. (Reprinted with permission
from reference 6.)



recently increased their training intensity or frequency. A physical
exam reveals localized tenderness to palpation of the tibia with well-
defined anatomical borders. Symptoms may also be elicited with
provocative testing, such as a single-leg hop.7,24 Lastly, imaging may
be used for definitive diagnosis. Plain radiographs should be used
first because they are inexpensive and readily available. It is impor-
tant to note that, in the first week of symptoms, the sensitivity of ra-
diographs for TSF is only 10%; this increases to 56% after five
weeks.25 A bone scan may be used for its high sensitivity (74%-
100%), but it has a low specificity that may result in a false positive
result.25 Magnetic resonance imaging is the gold standard for stress
fracture imaging, as it has a sensitivity of 88% to 100% and a speci-
ficity of 86% to 100%.25,26

Management
Once a stress fracture is identified, it is important to remove the pa-
tient immediately from impact activity. If necessary, weight bearing
may be reduced with crutches for pain control. After four to 12
weeks of activity modification, when patients can walk without pain
for three to five days, they may gradually return to impact activi-
ties.7,11,24 Due to the recurrent nature of stress fractures, this is the
ideal time to identify and address biomechanical risk factors, such
as loading rates and tibial acceleration. Recent evidence supports
gait retraining to alter these risk factors by modifying step length,
step frequency, and tibial shock. 

Crowell et al6 demonstrated that runners at risk for TSF are
able to decrease loading variables with the use of real-time visual
feedback. They identified 10 runners with elevated PPA (greater
than 8 g), and trained them in eight sessions over two weeks. The
runners were provided with real-time visual feedback of their tibial
shock and were instructed to “run softer” to decrease their PPA by
at least 50%. A faded feedback approach was used in which the
amount of feedback provided was gradually decreased in the last
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Figure 3. Representation of adduction free moment (ADDFM) resisting toe out and
abduction free moment (ABDFM) resisting toe in of the foot during stance phase of
running. (Adapted from reference 20.)
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four training sessions. After two weeks, there was a significant re-
duction in AVLR, IVLR, and PPA compared with baseline levels.
These changes were also maintained at one month.

Clansey et al27 also demonstrated that real-time feedback
aimed at reducing tibial shock results in decreased loading vari-
ables. He recruited 22 male runners with elevated PPA (greater than
9 g), and randomized them into a real-time feedback training (RTF)
group or a control group. Both groups performed six 20-minute
treadmill runs over three weeks. The RTF group received both visual
and audio feedback on their tibial shock, and runners in this group
were instructed to “find a strategy” to decrease their PPA by 50%.
After three weeks, AVLR, IVLR, and PPA in the RTF group were sig-
nificantly lower than baseline and also lower than in the control
group. However, only PPA remained significantly reduced at the
one-month follow-up. The authors suggested this might be due to
the lack of faded feedback, as the participants received constant
feedback in each session.

Willy et al28 demonstrated that altering step frequency resulted
in decreased loading variables. They recruited 30 runners with in-
creased IVLR (greater than 85 BWs), and randomized them into a
retraining group or a control group. Runners in each group were is-
sued a GPS watch and instructed to continue to run their normal
mileage. Runners in the retraining group also received an ac-
celerometer that transmitted the runner’s step rate to the watch.
Runners were instructed to maintain a step rate 7.5% above their
preferred baseline step rate. A faded feedback approach was used
in which the runners in the retraining group only used the watch for
runs one through three and runs five and seven. After eight training
runs, step rate, AVLR, IVLR, peak hip adduction, and eccentric knee
work in the retraining group were significantly lower than baseline
levels and also lower when compared with the control group. These
changes were maintained at a one-month follow-up.

Conclusion
Tibial stress fractures are one of the most common overuse injuries
in athletes and military populations due to impact activity such as
running and marching. They occur due to the accumulation of
micro damage from repetitive loading of the bone. Due to the recur-
rent nature of stress fractures, it is important to understand the po-
tential biomechanical contributors to this injury. There is evidence
that increased loading rates and tibial acceleration place an individ-
ual at increased risk of sustaining a TSF. Interventions directed at
reducing these impact variables, such as modifying tibial shock or
step frequency, may decrease the incidence and recurrence of this
serious injury. 

CPT Jamie B. Morris, DPT, OCS, CSCS, is a fellow of the Keller Army
Community Hospital Division I Sports Physical Therapy Fellowship
at the United States Military Academy in West Point, NY. LTC Donald
L. Goss, PT, PhD, OCS, ATC, is director of the Keller Army Community
Hospital Division I Sports Physical Therapy Fellowship at the United
States Military Academy. 
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Fifth met fractures and
osteoporosis in women

Given that older women are at increased
risk for osteoporosis, an increased inci-
dence of fifth metatarsal fractures with 
increasing age in women suggests that
such injuries could serve as an early point
of entry into osteoporosis treatment and
fracture prevention.

By David Beck, MD, Justin Kane, MD, and David Pedowitz, MD

Fractures of the fifth metatarsal bone are a common injury encoun-
tered not only in the offices of foot and ankle specialists, but also
frequently in primary care, sports medicine, and general ortho pedic
settings. In fact, multiple reports suggest fractures of the fifth
metatarsal are the most common metatarsal fracture.1-5 Although it
is a common injury, the literature on the epidemiology of fifth
metatarsal fractures in large diverse populations has been scarce.
Most studies on fifth metatarsal fractures have been performed in
small European populations or have focused on specific populations
such as athletes, dancers, and military personnel.1-7

A recent study from our institution looked at 2281 consecutive
metatarsal fractures in a tertiary care subspecialty referral setting
to investigate the epidemiology of fifth metatarsal fractures in the
general population.8 A particularly interesting finding of the study
was that an increased incidence of fifth metatarsal fractures was
correlated with increasing age in women. Given that older women
are at increased risk for osteoporosis, might these fractures be use-
ful as a proxy for identifying and implementing appropriate therapies
in patients at risk for osteoporosis?

Diagnosis and classification
British orthopedic surgeon Sir Robert Jones originally described fifth
metatarsal fractures in 1902 in the Annals of Surgery. Jones’s in-
terest in the topic was spurred by having the misfortune of sustain-
ing the injury himself while dancing at a military garden party. Only
after treating himself as a patient did Jones write in his first publica-
tion on the topic that he could “recall many cases which had come
to me with similar symptoms arising from transmission of body
weight to a foot during the position of equinovarus.” Jones had rec-
ognized the commonality of this fracture pattern and set out to de-
scribe it in detail. His future work on these fractures gave rise to the
eponym for fractures of the base of the fifth metatarsal: the Jones
fracture.

Fractures of the fifth metatarsal can be classified by location.
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Men are more likely to experience a fifth
met fracture in their third decade, whereas
women have an increase in such fractures
in the sixth and seventh decades.
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As with all metatarsal fractures, fifth metatarsal fractures can first be
categorized into three main locations: base, shaft, and head. Proxi-
mal fifth metatarsal fractures can be further classified into three
zones.4,6,10 Zone 1 fractures (pseudo-Jones) are avulsion fractures
of the cancellous tuberosity. This area of bone includes the inser-
tions of the peroneus brevis tendon and lateral plantar fascia. These
fractures are usually secondary to an inversion injury.11 Zone 2 frac-
tures (true Jones) occur distal to the tuberosity at the metaphyseal-
diaphyseal junction and do not extend past the fourth-fifth
intermetatarsal articulation. These typically occur secondary to an
adduction force on a plantar flexed foot, just as Jones initially de-
scribed. Finally, zone 3 injuries occur at the proximal diaphysis, dis-
tal to the proximal ligaments. These are thought to occur usually as
stress fractures occurring secondary to repetitive activity; fractures
in this region are common in athletes and military workers. Another
specific pattern of fracture at the distal diaphysis of the fifth
metatarsal has been labeled the dancer’s fracture.7 This is usually a
spiral oblique fracture travelling from a distal-lateral location to a
proximal-medial location and is sustained after a rotational force is
applied to an axially loaded plantar flexed foot.11

Several previous studies have looked at the epidemiology of
all metatarsal fractures, but few have examined the epidemiology
of all types of fifth metatarsal fractures in the general US population.
Cakir et al assessed 400 metatarsal fractures in 322 consecutive
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Figure 1. Stratification of fifth metatarsal fractures with fractures denoted by a white
arrow. (A) Avulsion fracture of the base of the fifth metatarsal (zone 1; pseudo-Jones).
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(D) Dancer’s fracture. (E) Transverse fifth metatarsal shaft fracture. (F) Stress fracture 
of the fifth metatarsal shaft. (Reprinted with permission from reference 8.)



patients in a European population. They found the fifth metatarsal
accounted for 56% of metatarsal fractures.2 Similarly, Petrisor et al
retrospectively examined 355 patients with 411 metatarsal fractures
in an adult European population and found that fifth metatarsal frac-
tures accounted for 68% of the injuries.1 A similar pattern is also
seen in pediatric populations, with fifth metatarsal fractures account-
ing for 45% of all metatarsal fractures.5 To our knowledge, ours was
the first study to look at the epidemiology of all types of fifth
metatarsal fractures in a general US population. 

Our research
To investigate the epidemiology of fifth metatarsal fractures in the
general population at our institution, Kane et al retrospectively col-
lected data on 2281 patients with metatarsal fractures seen be-
tween June 1, 2005, and December 30, 2010. Radiographic review
further identified 1275 patients (59%) who were treated for isolated
fifth metatarsal fractures. These fractures were then further classified
by location of fracture: base (zone 1, 2, or 3), shaft, dancer’s stress,
or head fracture. Using patient records, the authors then reviewed
data on age, gender, comorbidities, and mechanism of injury.

The study successfully elucidated the epidemiology of the lo-
cation of fifth metatarsal fractures. Most of the fractures in the study
were avulsions of the base of the fifth metatarsal, which accounted
for 51% of the fractures. Shaft fractures were the next most com-
mon fracture pattern, followed by zone 2 and dancer’s fractures,
accounting for 16.8%, 13.6%, and 11.1%, respectively. An arguably
more interesting finding occurred when fracture location was cor-
related with gender. The vast majority of avulsion fractures at the
base of the fifth metatarsal (74%) and dancer’s fractures (84%) oc-
curred in women.  

As discussed earlier, each fracture pattern has a proposed
mechanism of injury. In this retrospective study, Kane et al reviewed
the mechanism of each injury and correlated it with the fracture pat-
tern observed on radiographs. The mechanisms in this study were
categorized as twisting, fall, crush, indirect trauma, or atraumatic.
Twisting injuries accounted for 64.6% of zone 1 fractures. However,
a twisting mechanism accounted for the majority of all other fifth
metatarsal fractures as well. 

Another important finding of the study emerged when we ex-
amined the age distribution of patients presenting with fifth
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Figure 2.  In men, the incidence of fifth metatarsal fractures peaks in the third decade
of life. In women, there is a peak in the seventh decade of life. The majority of fifth
metatarsal fractures are seen in the sixth and seventh decades of life and are pre-
dominantly sustained by women. (Reprinted with permission from reference 8.)
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metatarsal fractures. The distribution of these fractures had a bi-
modal pattern across the general population, with peaks in both the
fourth decade and the sixth/seventh decades. Fifth metatarsal frac-
tures continued to increase with each decade of life until the eighth
decade. When stratifying for gender, it was clear that fifth
metatarsal fractures in men are more common earlier in life and in
women later in life. Men were more likely to experience a fracture
in their third decade, whereas women had a great increase in frac-
tures in the sixth and seventh decades. In fact, fractures in women
alone were the reason for the positive correlation between age and
fracture incidence.

Osteoporosis implications
To date, Kane et al is the largest cohort study examining fifth
metatarsal fractures. The study reinforced that fifth metatarsal frac-
tures are the most common metatarsal fracture. It illuminated that
avulsion fractures are the most common type of fifth metatarsal frac-
tures. However, the most interesting and potentially useful piece of
information to come from this study was the steady increase in fifth
metatarsal fractures with increasing age in women. The fact that
these fractures increase with age in women but decrease with age
in men may very well be secondary to an increase in osteopenia
and osteoporosis in women, who are known to have a steady age-
related decrease in bone mineral density (BMD) that is not typically
seen in men. 

Osteoporosis and fracture prevention has become an impor-
tant topic in the US, given the continued expansion of the physically
active aging population. The most common osteoporosis-related

fractures, or fragility fractures, are vertebral, proximal femoral, and
distal forearm fractures. Approximately two million fragility fractures
occur in the US every year and incur approximately $17 billion in
healthcare costs.16 Any patient experiencing one of these fractures
has an 86% increased risk of experiencing another.13 As the popu-
lation ages, the disease burden will increase, and fractures, as well
as the related costs, are expected to grow by 50% by 2025, with
more than three million fractures and $25 billion in costs.17 At this
rate, early identification and fracture prevention will be of utmost
importance. 

In recent years there has been a movement in orthopedics, in
collaboration with other disciplines, to increase the role of the or-
thopedic surgeon in identifying patients at risk of osteoporosis and
initiating the appropriate workup and treatment or referral. This is
the reason the American Orthopaedic Association launched the
“Own the Bone” campaign.12 This program is aimed at increasing
the responsibility of orthopedists in closing the osteoporosis treat-
ment gap. Some hospitals have gone as far as creating a Fracture
Liaison Service, which automatically identifies and refers anyone
with an osteoporosis-related fracture for bone health evaluation,
secondary fracture prevention, and osteoporosis intervention.13

Lower-energy proximal humerus and distal radius fractures are al-
ready being used by upper extremity specialists as indications for
referral for an osteoporosis work-up.14,15 Fifth metatarsal fractures
may be a proxy in the foot and ankle specialty that helps to identify
these at-risk patients. 

Although we hypothesize that decreased BMD in the elderly pop-
ulation is the reason for an increased incidence of fifth metatarsal frac-
tures, our study did not measure BMD in these patients. However,
previous research has adequately documented a direct relationship

Continued from page 41

42 09.15 lermagazine.com

!"#$%&'($)**&+,()+#$&-("&().$(-#,(%#*($/&-$
0#1),(-).$2&3#-$2)%4$1#/&-%)()#'

!!!"#$%&'()*+),-),"',(

Patient and parent friendly. Compliance is no longer a problem!

The patented JMMR Blount's KAFO has a patented distal posterior
swivel hinge that allows normal daytime activity and provides the 
necessary dynamic forces to correct limb deformity. The corrective
forces are applied distal to the knee for full ankle and knee joint 
mobility. Correction can be anticipated in significantly less time than
traditional approaches.

Available only through JMMR Central Fab with a 14 day turnaround

Indicated for: coxa varus, coxa valgus, and blounts disease 
as well as knee osteoarthritis for patients up to 150 lbs.

Call 800-236-5166 for more information



between fractures of the foot and low levels of BMD. 
Hasselman et al18 studied a cohort of 9704 elderly women for

a mean of 10.2 years. On the initial visit, each patient’s BMD was
measured. The study found a high incidence of both ankle and foot
fractures (3.1 and 3 per 1000 woman years, respectively), but found
that decreased BMD correlated only to foot fractures. Ankle frac-
tures happened at an equal rate between women with decreased
BMD and those with normal BMD, suggesting a significant traumatic
mechanism versus an osteopenic fragility fracture as the injury
source. Of all foot fractures, 88.5% involved a metatarsal and
56.9% involved the fifth metatarsal.18

Another study demonstrated that age-matched women with
metatarsal fractures after minor trauma had lower lumbar BMD com-
pared with that of healthy women.19 This study showed that metatarsal
fracture patients had BMD similar to age-matched patients with a distal
radius fracture, a well-documented fragility fracture. However, the
metatarsal fracture patients were younger at the time of fracture, sug-
gesting it could be an earlier marker for osteopenia.19

While osteopenia is a one of the causes of increased fracture
rate in the elderly population, the foot and ankle specialist must be
aware of other potential risks for increased rates of metatarsal frac-
tures in this group. Other factors reported to be associated with foot
fractures are insulin-dependent diabetes, use of seizure medica-
tions, history of falls, poor depth perception, hyperthyroidism, and
use of benzodiazepines.18-20 Diabetes may be related to foot frac-
tures for several reasons, including diabetic osteopathy as well as
peripheral neuropathy.21 A history of falls and trouble with depth
perception increase the risk of foot trauma for obvious reasons.
However, the increased risk of fracture with benzodiazepine use
does not seem to be related to increased fall risk, and further 

research should be done to investigate that reported correlation.18

For a multitude of reasons, elderly patients have an increased risk
of fifth metatarsal fractures. Therefore, practitioners must take a
thorough history of any patient presenting with a metatarsal fracture. 

Conclusion
While more research on osteoporosis in patients presenting with
fifth metatarsal fractures still needs to be done, the epidemiologic
study by Kane et al demonstrates that these fractures occur with in-
creasing incidence in a population known to have an increased in-
cidence of osteoporosis. An elderly man or women who comes in
with a fifth metatarsal fracture is presenting with a relatively low-cost
and low-morbidity injury, as most can be treated effectively with sur-
gery.21-23 However, if this injury is indicative of an underlying bone
density issue, it could serve as an early point of entry into osteo-
porosis treatment and secondary fracture prevention protocols.
Thus, physicians treating these injuries may want to consider referral
to an appropriate resource for osteoporosis intervention before that
patient experiences a hip fracture or a vertebral fracture, which have
higher associated costs and morbidity.  

David Beck, MD, is a third-year orthopedic surgery resident at
Thomas Jefferson University Hospital in Philadelphia, PA. Justin
Kane, MD, is a former orthopedic surgery resident at Thomas Jef-
ferson University Hospital and is currently completing a Foot and
Ankle Surgery Fellowship at Baylor University Medical Center in Dal-
las, TX. David Pedowitz,MD, is a fellowship-trained orthopedic foot
and ankle specialist and an assistant professor of orthopaedic sur-
gery at Thomas Jefferson Medical College.
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Cryotherapy and muscle
recovery after exercise

Research utilizing contrast-enhanced
ultrasound suggests that, although cryo -
therapy effectively decreases the pain 
associated with exercise-related muscle
damage, those symptomatic effects are
not associated with decreased blood flow
in the affected skeletal muscle.

By Noelle M. Selkow, PhD, ATC, and Susan A. Saliba, PhD, MPT, ATC

Cryotherapy, or cold therapy, is one of the most common treatments
for athletic injury. It is believed to decrease pain, attenuate swelling,
decrease blood flow, slow nerve conduction, and limit secondary
cell death. However, evidence to support these effects is limited.
Designing studies to measure these variables can be difficult or re-
quire sophisticated technology. Additionally, since cryotherapy is
typically applied to an injury, examining its effects in an injured pop-
ulation is ideal. Unfortunately, however, a study design that is de-
pendent on waiting for an injury to occur is inefficient, and
standardizing injuries across study participants would be nearly im-
possible. The use of injury models can potentially allow for stan-
dardization of injury, application of treatments, and assessment of
outcomes. One such injury model involves the use of exercise-
related muscle damage, which can be induced in healthy people
for research purposes. 

There is a direct relationship between blood flow and skeletal
muscle activity.1 Within the microcirculation, the terminal arterioles
control flow distribution,2,3 and the capillaries respond to blood flow
changes based on muscle metabolism.3 At the onset of exercise,
the number of perfused capillaries increases to provide more sur-
face area for oxygen exchange and decreases the distance for oxy-
gen diffusion.4 This leads to increased blood flow through the
capillaries of working muscle.5 Eccentric exercise has been shown
to increase blood flow by 78%6 and cause delayed-onset muscle
soreness (DOMS) 24 to 72 hours after exercise.

Delayed-onset muscle soreness
DOMS is one of the most common injuries in sports and, in extreme
cases, results in exertional rhabdomyolysis.7 DOMS usually devel-
ops after unaccustomed, strenuous tasks involving eccentric con-
tractions of skeletal muscle, which is why it is often seen during
preseason training or when an athlete has made a change in
activity.8,9 Eccentric exercise tends to cause more muscle damage
than concentric exercise of the same intensity.9 DOMS results in
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acute inflammation9 and is a form of reversible muscle damage,10

with more subcellular damage and cellular adaptations than gross
muscle disruption.11 The exercise is often fatiguing but not painful;
however, soreness usually develops within 24 hours.12

Pain, swelling, and loss of function are indications of an inflam-
matory response.9 Pain results from the activation of Type III and
Type IV nerve fibers by histamine, acetylcholine, bradykinin, potas-
sium, and serotonin; prostaglandin E (PGE), however, seems to be
the main reason nociceptors are sensitized.13 There may be a rela-
tionship between PGE concentration and pain, since both have
been reported to increase 24 hours after eccentric exercise.14 Re-
searchers have also reported that this delay in pain response is as-
sociated with other types of inflammatory activity, and that this may
be due to macrophages entering the injury site 24 hours after
injury.15

Swelling results when increased permeability of the capillaries
allows exudate to filter into the damaged area. Limb volume has
been reported to increase over the course of 72 hours following
eccentric exercise.16-18 Increases in intramuscular pressure stimulate
PGE receptors, again resulting in
pain sensation.9 The edema for-
mation is consistent with any in-
flammatory reaction.

Loss of function occurs im-
mediately after eccentric exer-
cise, when the greatest deficits in
force production are noted.19

Swelling and pain contribute to a
decrease in range of motion that
exacerbates functional limitations. The reduced range of motion
may be compensatory, to allow for a position of optimal healing
when new capillaries and new connective tissue form 48 hours after
injury.9 However, movement is necessary to reduce the edema,
since lymphatic function depends on muscle contraction and pres-
sure gradients resulting from activity.20 

Eccentric exercise and DOMS result in the release of the same
cytokines and serum inflammatory markers as other acute muscu-
loskeletal injuries. For this reason, vigorous exercise is believed to
be a good experimental model to study the immune responses as-
sociated with microtrauma.21 After strenuous exercise, circulating
neutrophils may be mediators for increased muscle damage.22 In-
creases in creatine kinase (CK) have been associated with DOMS
after a circuit-training workout; participants reported muscle sore-
ness 24 to 48 hours after exercise.21 Immunoglobulin responses in
acute injury and DOMS are also similar in their release and absorp-
tion rates.21

Prescribing eccentric exercises to induce DOMS provides a
good experimental model to study trauma to skeletal muscle23 and
also may be useful for studying inflammation.24 Eccentric exercise
protocols are designed to induce a controlled amount of injury to a
specific muscle group; however, research has demonstrated that
this approach varies in the magnitude and duration of its ef-
fects.8,25,26 Some evidence does suggest that eccentric exercise
models create similar physiological and functional deficits across all
participants, providing a standardization of injury.25,27 It is currently
unclear whether physical agents, such as massage or cold therapy,
are capable of positively altering the functional deficits induced by
eccentric exercise, but the physiological effects are rarely

evaluated.26,28,29 Discussion of the efficacy of most DOMS therapies
consistently includes five variables: degree of pain perception, girth
circumference, degrees of motion, quantification of strength, and
level of tenderness.25,30 

In the treatment of musculoskeletal injuries, different interven-
tion techniques have unique potentials to alter the functional prop-
erties of soft tissues as well as the pathophysiology of the injury.
Since the cellular and vascular effects of DOMS8 and acute inflam-
mation occur in a similar pattern, it stands to reason that those phys-
iological effects, such as changes in blood flow, could be studied to
help elucidate the mechanism of the inflammatory process. 

Effects of cryotherapy on DOMS
Cryotherapy is commonly thought to result in vasoconstriction, which
permits clotting and control of the acute inflammatory responses, ul-
timately resulting in edema control.31,32 In the skin, it is easy to see
that decreases in temperature result in vasoconstriction to help with
thermoregulation. However, blood flow changes in deeper structures
have not been confirmed in vivo at the capillary level—confirmation
that is particularly warranted in skeletal muscle, where perfusion char-

acteristically responds to metabolic
demand of exercise rather than
temperature. Cold is almost uni-
versally applied to reduce or to
prevent swelling, and is part of the
common RICE (rest, ice, compres-
sion, elevation) treatment. The ra-
tionale for the immediate use of
cryotherapy is based on the belief
that it can reduce secondary hy-

poxia and enzymatic injury, result-
ing in less edema33,34 and soreness.8 Although most individuals who
are injured feel there is a benefit of applying ice and, by extension,
RICE, the physiological effects of the treatment are still not fully 
understood.

Studies of cryotherapy using the eccentric exercise protocols
and DOMS have reported varying effects. The majority of studies
have focused on cold-water immersion (CWI) as the method of
cryotherapy. Sellwood et al35 administered a cryotherapy treatment
of CWI (5° C) for six minutes (three cycles of one minute of immer-
sion, followed by one minute of no immersion) immediately after
participants completed an eccentric exercise protocol. The exercise
protocol was based on 120% of a one-repetition maximum weight
level for seated leg extension (quadriceps). The weight was placed
on the test leg and lowered eccentrically for five sets of 10 repeti-
tions with a one-minute rest between each set. A control group did
the same cycle of exercise and water immersion, except in tepid
water (24° C). The only difference between the groups was a greater
increase in pain with sitting-to-standing 24 hours postexercise for
the CWI group than for the control group.

Howatson et al36 used a 15° C CWI for 12 minutes immediately
after intense exercise and then every 24 hours for 96 hours, for a
total of five treatments, compared with a 12-minute seated rest. All
participants performed 100 drop jumps, and maximum voluntary
isometric contraction (MVIC), range of motion (ROM), soreness, and
CK levels were measured at baseline and every 24 hours for 96
hours. No changes were observed between the CWI and control
groups, indicating CWI did not help with injury recovery. 
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In a study by Eston and Peters,37 all participants performed
eight sets of five maximal elbow flexor contractions. Some partici-
pants were randomized to immerse the exercised arm in cold water
for 15 minutes immediately after exercise and every 12 hours there-
after for three days. The control group received no treatment. One
of the measurements collected was relaxed arm angle, or the ability
to rest arms at the side of the body. Those in the treatment group
had greater relaxed arm angles than the control group over the
three days and lower CK levels by days two and three. This suggests
cryotherapy may limit the extent to which muscle and connective
tissue are damaged after eccentric exercise. Vaille et al38 found that
CWI was associated with less of a decrease in isometric squat per-
formance and weighted squat jump at 48 and 72 hours postexer-
cise compared with passive recovery. Mid-thigh girth was also
smaller after CWI at 24, 48, and 72 hours postexercise compared
with passive recovery.  

Despite researchers’ interest in studying microvascular re-
sponses in musculoskeletal injuries, techniques to visualize and ac-
curately measure capillary blood flow in skeletal muscles have been
lacking in the realm of sports medicine. Previous studies of the ef-
fect of therapeutic modalities have used laser Doppler flowmetry,
plethysmography, thermography, volumetrics, and positron emission
tomography (PET) to estimate blood flow to an extremity in either
humans or animal models. These tools monitor the arteriole function
and total flow, but cannot differentiate immediate or ongoing re-
sponses at the capillary level.39-41 Furthermore, those methods can-
not differentiate blood flow changes at the skin or in specific muscle
groups. A change in perfusion to the skin, which is common with
the application of therapeutic agents, cannot be differentiated from
skeletal muscle perfusion. Functional magnetic resonance imaging
(MRI) has been used with some success to evaluate the effects of
cryotherapy, but the technique is limited in application.42 Addition-
ally, the most sophisticated of these techniques are sensitive to
movement, which must occur if subtle changes are to be seen while
a muscle is functioning. Furthermore, no clinical measurement de-
vice has been able to delineate microvascular changes in a specific
region of interest.

Contrast-enhanced ultrasound
Contrast enhanced ultrasound (CEU) is a noninvasive method of
measuring microvascular volume in muscle.2 Infused microbubbles
act as the contrast agent through continuous intravenous injection

at a constant rate and concentration.43 Each microbubble is smaller
than a red blood cell,43,44 with an average size of 2.5 μm and con-
centration of 1.2 x 109 particles per mL.42 The outer covering of
the microbubble is composed of a phospholipid bilayer, and the in-
side is composed of air and gas (perfluoropropane or octofluoro-
propane).43 Because ultrasonic waves do not transmit through air,
and media of differing densities have greater contrast to one an-
other (sound waves that do not transmit are bright white and waves
that are absorbed appear black), the microbubbles can be visualized
on diagnostic ultrasound images.45

During the continuous infusion, high-energy ultrasound is used
to disrupt the microbubbles, and sequential ultrasound images are
collected at variable times to detect microbubble replenishment
within the vasculature.2,43 To quantify microvascular blood flow, 
enhanced signals from the larger blood vessels are subtracted from
the microvascular contribution.2 Larger vessels are distinguished
from the microvascular structures due to the short delay in image
enhancement.43 These microbubbles remain within the vasculature,
unlike the contrast agents used in MRI, which diffuse into the in -
terstitium. This allows for blood velocity measurements to be 
calculated.46

Krix et al have published several articles1,47-49 describing the
use of CEU in working muscle, including the finding that CEU iden-
tified variability in muscle perfusion after exercise compared with
perfusion at rest.47 They demonstrated several advantages of using
CEU over venous occlusion plethysmography (VOP): CEU can be
used for real-time analysis in a relatively short time frame (several
minutes); different muscles can be assessed separately; and a vari-
ety of muscles can be assessed, not just those in the extremities.
One of the biggest advantages is the ability of CEU to measure
blood flow strictly of the muscle; skin perfusion is not a factor as it
is when using VOP.47

Our research
CEU is a valid measurement technique to assess microvascular per-
fusion. However, to date, CEU has not been used to assess the ef-
fect of specific therapeutic modalities on capillary blood flow in
skeletal muscle.1,47-49 One of the objectives when applying cryother-
apy after injury is to decrease blood flow, which can now be as-
sessed with this technology. As mentioned earlier, eccentric
exercise can be used as an injury model to mimic signs and symp-
toms of injury, including pain and increased blood flow. 

Taking that approach one step further, Selkow et al used CEU
to quantify blood flow changes associated with the application of
ice after exercise.50 Using a modified exercise proposed by Tegeder
et al,51 all participants performed 100 calf-lowering exercises to em-
phasize an eccentric-only protocol. They slowly lowered their heel
over a three-second count and were allowed three seconds to re-
turn to the starting position (maximum ankle plantar flexion standing
on the ball of the foot), using the control leg to help shift the weight
distribution so no concentric contractions occurred. The protocol
consisted of two sets of 50 repetitions with a five-minute rest be-
tween sets. Blood flow changes were measured with CEU at base-
line, immediately after exercise, and 48 hours after exercise.
Participants received cryotherapy (750-g ice bag), sham treatment
(750-g bag of candy corn), or no treatment immediately after exer-
cise and 10, 24, and 36 hours postexercise. Application time
ranged from 15 to 60 minutes, based on the amount of subcuta-
neous tissue over the medial gastrocnemius.

The main finding was that cryotherapy was not associated with
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Figure 1.  Changes in pain level over time.



decreased blood flow following eccentric exercise (Table 1). This
may be due to differences between the regulatory mechanism for
skin and the mechanism for muscle. Within muscle, which does not
contain thermoreceptors and is under metabolic control, cooling
may occur without changes in blood flow. As cryotherapy decreases
metabolic demand, the mitochondria have a slower demand for
oxygen,34 but blood flow can still bring necessary nutrients to in-
jured tissues. In this study, pain levels were highest at 48 hours for
the control group and the cryotherapy group, but those who re-
ceived cryotherapy reported significantly less pain at that time than
controls. (Figure 1). 

The clinical take-home message is that cryotherapy decreases
pain and, as clinicians, this is one of the best things we can do for
our patients. However, some assumptions about cryotherapy, such
as decreased blood flow, need to be reexamined. Clinicians often
associate decreases in blood flow with metabolic slowing and an
increase in healing time; however, these assumptions are not true
and are influenced by other physiologic properties. Clinicians need
to understand when it is appropriate to use ice, and why they are
using it. If a patient asks why ice is being used, the clinician needs
to provide accurate information, and not say that blood flow in the
muscle is decreasing. The study also confirms that eccentric exer-
cise can be used as an injury model for the assessment of blood
flow and pain.

The findings suggest the assumption that cooling decreases
blood flow, thus reducing swelling and bleeding, may be incorrect.
However, that does not mean cryotherapy is not effective for acute
injuries. Cold temperatures do decrease the metabolism and the
need for oxygen, so minimizing secondary cell death by hypoxia

may be a viable benefit of early icing. Finally, ice has an effect on
the neuromuscular system that may improve the ability of the mus-
cles surrounding an injured joint to contract, a phenomenon that
could speed rehabilitation.52

Conclusion
The ability to assess perfusion allows for the study of physiological
factors and contributes to our understanding of how cryotherapy
might work. We need to continue to study inflammation and find the
best methods of expediting the recovery process and minimizing
dysfunction as injured patients make progress toward healing. 

Noelle M. Selkow, PhD, ATC, is the director of the Graduate Program
in the School of Kinesiology and Graduate Athletic Training Educa-
tion at Illinois State University in Normal. Susan A. Saliba, PhD, MPT,
ATC, is the director of the undergraduate Kinesiology Program at the
University of Virginia in Charlottesville and teaches within the Ad-
vanced Masters’ in Athletic Training Curriculum.
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Table 1. Means and SD for blood flow (dB/sec)
Intervention Baseline Postintervention 48 hours

Cryotherapy 2.50 ± .32 4.12 ± 1.08a 4.68 ± 1.06a

Sham 2.10 ± .31 4.04 ± .63a 4.70 ± .80a

Control 2.33 ± .54 4.10 ± .88a 3.74 ± .80a

a Significantly higher than baseline (p <.05)
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Surface EMG: A how-to
guide for practitioners 

With evidence-based protocols in hand,
practitioners can feel more comfortable
clinically integrating surface electromyo-
graphy (sEMG) assessment, creating more
sophisticated sEMG treatment protocols,
and demonstrating the effectiveness of 
interventions.

By Rachelle Bordlee, sDPT, and Christopher Kevin Wong, PT, PhD

Muscle weakness, timing of muscle activation, and proprioception
are driving factors in many physiological dysfunctions involving the
lower extremities. Researchers are beginning to identify the best
exercises for patients to target these muscles with the assistance
of surface electromyography (sEMG), which measures the electrical
output of muscles noninvasively using sensors on the skin.1 This
technology can be further incorporated in the clinic in the form of
real-time biofeedback devices that visually or audibly alert patients
when they are properly recruiting their forgotten musculature, thus
facilitating proprioceptive and neuromuscular reeducation. 

sEMG technology visually displays the magnitude of the effort of
target muscle contraction to patients and clinicians in real time, often
with video overlay and slow-motion replay to further pinpoint the bio-
mechanics associated with the muscle activation. For years, owning a
sEMG system was impractical for many clinics because of the numer-
ous wires, long setup time, and complex software required. Now,
thanks to the digital revolution, the technology is maturing rapidly, and
there is an emergence of wireless sensors that allow free movement
and streamlined software for easy setup and interpretation. 

Today, the bulk of research into biofeedback uses wired sEMG
systems. Visual and audio biofeedback from wired sEMG units have
been shown to be effective augmentation therapies in the treatment
of many lower limb dysfunctions. A 19-trial systematic review2 eval-
uated studies of poststroke patients who were outfitted with sEMG
sensors that gave either audio or visual biofeedback of each pa-
tient's lower limb muscular activation during gait training. Individuals
using sEMG units achieved significantly greater improvements in
gait speed, step length, and cycle time than those undergoing only
usual or placebo therapy. One to five months after interventions
ended, patients who underwent sEMG still had greater improve-
ments in lower limb activities than patients who had received usual
or placebo therapy.2

Individual trials have also shown statistically significant improve-
ments in patient rehabilitation outcomes when usual care is combined
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Visual and audio biofeedback from sEMG
units have been shown to be effective
augmentation therapies in the treatment
of many lower limb dysfunctions. 



with sEMG biofeedback, including increases in gluteus maximus ac-
tivation and gait parameters in patients after incomplete spinal cord
injury;3 decreases in days using an assistive device for ambulation
after partial meniscectomy;4 increases in tibialis anterior activation
and gastrocnemius relaxation during ambulation in children with
cerebral palsy;5,6 increases in targeted muscular activation for
healthy subjects with knee extension exercises;7 and improvements
in vastus medialis/vastus lateralis ratios during walking and stair ne-
gotiation in patients with patellofemoral pain syndrome.8

Standardized protocol
Widespread implementation of sEMG as a biofeedback therapy has
been slow because protocol standardization is lacking. Most sys-
tematic reviews of studies involving patients with biomechanical di-
agnoses are unable to pool data for interpretation because the vast
majority of studies do not adhere to a consistent standard of sensor
placement on the muscles.9,10

The number-one reason for inconsistencies in sEMG data is
variability in placement of sensors along the muscles,11 as each
brand of sEMG system comes with a different how-to manual, and
the placements of sensors are often nonspecific or nonvalidated.
This can affect the consistency of measurements for a given patient
at different time points, as well as when comparing patients with
controls. However, there do exist evidence-based standards for sen-
sor placement and setup, and these must be integrated into re-
search and clinician protocols. With evidence-based protocols on
hand, practitioners can feel more comfortable clinically integrating
sEMG assessment, creating more sophisticated sEMG treatment

protocols, and demonstrating the effectiveness of interventions to
justify reimbursement.12

The most validated recommendations come from Surface Elec-
troMyoGraphy for the Non-Invasive Assessment of Muscles 
(SENIAM), a project contracted by the EU to standardize sEMG
placement for practice and research.13,14 Starting postures, sensor
placement, and clinical testing has been streamlined into a series
of well-organized charts.13 The SENIAM clinical recommendations,
however, do not detail the specifics of clinician palpation and force
required for accuracy. 

To optimize accuracy, the clinician must alter the gain to read
the minimum and maximum levels of activation associated with clin-
ical significance before the computational system measures sEMG
inputs. The clinician must therefore perform two tests for calibra-
tion—one test of minimal muscle activity, and one test of maximal
muscle and agonist recruitment. Muscolino’s palpation manual15

offers a guide to eliciting minimal yet accurate muscle recruitment,
which may serve as the sEMG’s low parameter activity. Slight acti-
vation of the targeted muscle should be recorded into the sEMG
system first for calibration of the lowest electrical outputs, which
can sense the finer details of the patient’s muscular coordination.
Large resistance to the targeted action, which recruits the muscle
and its agonists, should be recorded second to calibrate the largest
parameter and represent the patient’s gross motor activity. 

A how-to guide to sEMG use
This how-to guide combines recommendations for sEMG setup
from SENIAM8 and for clinical muscle testing from Muscolino.15

Continued from page 51
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SENIAM provides recommendations for 13 muscles in the lower
limb: the gluteus maximus, gluteus medius, tensor fascia latae, rectus
femoris, vastus lateralis, vastus medialis, biceps femoris, semitendi-
nosus, tibialis anterior, peroneus longus, peroneus brevis, soleus, and
gastrocnemius (separate medial and lateral portions). Here, these rec-
ommendations have been paired with those of Muscolino for muscle
testing. The figures on this page and the next two pages are visual
adaptations of  the 14 validated lower limb recordings. 

Preparing the skin. The surface electrodes best pick up elec-
trical signals through a clean barrier. For optimal recordings, shave
the skin beneath the electrodes, clean the skin with an alcohol wipe,
and allow the alcohol to vaporize before the electrode is applied. 

Bipolar electrodes. Electrodes are organized into bipolar pair-
ings to pick up electrical signaling from active muscle fibers. Any
electricity that passes between the two electrodes is calculated and
analyzed with the sEMG software for time and magnitude of electri-
cal activity. Most bipolar electrodes come preprepared and secured
to a plastic sheet, so the distance between positive and negative
electrodes is reproducibly standardized for precision of calculation. 

Securing the sensors. Bipolar sensors must be placed parallel
to the muscle fibers below. Knowledge of anatomy and changes in
muscle fiber orientation are crucial for accurate orientation. If the
sensors are not sticky enough to remain connected throughout the
patient’s movements once they are placed, they must be secured
to the skin. Athletic tape for added security is recommended, but
must not give additional pressure on top of the sensors as the pa-
tient’s movements put tension on the tape, and this may report false
increases in electrical activity. Taping over the plastic that connects
the bipolar sensors together often produces good results. If the
sEMG system uses wires, secure them against the body to prevent

pulls on the sensors, but make sure that the wires are not placed in
a way that alters the patient’s movement patterns. 

Reference electrode. The reference electrode is necessary to
filter out excess electrical noise. This electrode should be placed
over a superficial bony landmark, such as the malleoli, lateral epi-
condyle, or anterior superior iliac spine. These landmarks are con-
sidered the most electrically inactive tissue, as the sensor receives
electricity only through the skin and subcutaneous tissues before
the superficial bone tissue dulls transmission of the electrical signal.
Any electric activity picked up by an electrode at this site will be fil-
tered out of the muscular recordings as “noise” to help better detect
muscular activation signals. 

Calibration and muscle testing. Once the electrodes are se-
cured, it is important to test each muscle so that the parameters of
electrical activity can be individually calibrated using the analysis
software. Each muscle’s electrical activity sums to different magni-
tudes, so each coupling of bipolar electrodes should be calibrated
to its specific muscle. Ideally, the examiner should test the muscle
at both trace levels of activity and maximum activity. Trace activity
isolates the muscle as much as physiologically possible to ensure
that the electrode is over the correct muscle to be tested and that
fine motor adjustments are recorded. Maximum activity reads the
target muscle and activity from the surrounding muscles, and is
often more representative of functional activity. If this summed elec-
trical activity is very large, an incorrectly calibrated window could
be too small, meaning that the upper magnitude of activity would
not be recorded. Adjust the gain to ensure the computer system
has a sufficiently large window to record both trace and maximum
activity. 

Continued from page 52
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Technical and clinical limitations
It is important to understand that sEMG does not represent strength;
instead, it represents an estimate of an increase in motor unit recruit-
ment and firing rate. However, “strength” is a result of both neural 

activation and muscle size.16 When a patient first begins strength
training, the first few weeks of strength gain are generally due to in-
creased neuromuscular recruitment. Skeletal muscles have a
threshold for increases in neural adaptation, but additional increases
in strength can still be gained through muscular hypertrophy.16 Be-
yond the neural plasticity stages, changes in sEMG activity may not
correlate with increases in strength. 

sEMG is a raw measure of electrical activity that can be filtered
by computational settings. It can be used to compare data on the
same day, for the same muscle, or between trials. However, be-
cause it indirectly measures from the surface rather than from within
the muscle, recordings can be polluted.12 The surface sensors will
pick up any electrical recording, which might include not just the
target muscle, but also agonists and possible antagonists if those
signals reach the surface electrode.12

sEMG is also affected by the electrical conductivity of the skin
and all tissue between the skin and the muscle (eg, subcutaneous
tissue thickness, local blood flow, local temperature).12 The same in-
dividual could have a different recording after sweating, on a dry
day, or after starting a new medication, even if muscle activity is un-
changed.

It is therefore important that clinicians recognize these extra-
neous factors, minimize any that can be clinically controlled, and ul-
timately employ realistic expectations of sEMG as an estimation of
neuromuscular recruitment.

Interpretation
Due to these limitations, it can be simpler to describe sEMG data
as “active” or “not active” for specific muscles during an activity.
While some researchers have analyzed their data using categories
such as minimally, moderately, and maximally active, these cate-
gories have not been standardized objectively and do not allow
comparison between study participants. Documenting muscle ac-
tivity as active or not active during biofeedback therapy, especially
if the patient can compare relative magnitudes to their own previous
trials on the same day, can simplify the feedback process for pa-
tients and make integrating sEMG analysis into a rehabilitation pro-
tocol more patient-friendly. 

Future considerations
With a standard for sEMG sensor placement, further research can
explore the efficacy of sEMG biofeedback as an augmentation to
therapy for any muscular contractions and functional movements a
practitioner deems clinically appropriate. For instance, published
data on gluteus medius muscle activation during different therapeu-
tic exercises1 could inform an sEMG feedback protocol with place-
ment of sensors on the gluteus medius to facilitate proper patient
activation of hip abductors during clamshells, lateral walks, and, 
finally, return to functional activity and sports. 

Potentially, patients could wear wireless sEMG sensors and re-
ceive feedback while running outside, biking, lifting large objects
for work, dancing, or simply walking down the street. The technol-
ogy gives clinicians the means to join the nationwide integration of
telerehabilitation into physical therapy treatment17 (see “Telerehabil-
itation after TKA,” August LER, page 15). Clinicians could monitor
their patients’ activities in their true participation settings to deter-
mine if therapeutic gains in the clinic translate to real-world func-
tional goals. 

Continued from page 54
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Currently, the most common and validated sEMG systems are
still wired, which limit those potential applications of biofeedback
therapies. However, academic clinicians have begun using wireless
EMG technologies for kinesiologic inquiry and diagnostic purposes,
such as detection of muscle fatigue,18 muscle activation in sit to
stands,19 muscular changes in ambulation after anterior cruciate lig-
ament reconstruction,20 effects of tai chi on older adults,21 and stud-
ies of sEMG reliability in detecting muscular activation for functional
reaching tasks.22 Wireless sEMG is now being used in biotechnolo-
gies for exoskeleton prosthetics23 and intraoral controllers for as-
sistive devices.24 However, most studies on the wireless technology
itself are limited to description of invention and self-test by the de-
velopers.25,26 If clinicians are to adhere to our profession’s standards
of evidence-based practice, more evidence is needed to confirm
the reliability and validity of these technologies before full integra-
tion into clinics. 

With the proper setup and muscular specification outlined in
this article, clinicians and researchers can join together in furthering

the application of both wired and wireless sEMG technologies into
patient rehabilitation. Integration of these highly informative and
noninvasive biotechnologies has the potential to allow clinicians to
be creative in developing therapies for individual patients, using
sEMG biofeedback and telerehabilitation monitoring to facilitate
each patient’s learning, muscular proprioception, exercise adher-
ence, and return to participation.  

Rachelle Bordlee, sDPT, is a third-year student in the Program in
Physical Therapy at Columbia University Medical Center in New York
City, with anticipated completion of her doctorate in physical therapy
in May 2016. Christopher Kevin Wong, PT, PhD, is an associate pro-
fessor of rehabilitation and regenerative medicine and the associate
director of the Physical Therapy Program at Columbia University
Medical Center.
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Stabilized
Heel Cup

Sols has released a new or-
thotic design with the com-
pany’s signature Stabilized Heel
Cup. The Stabilized Heel Cup
feature, intended for patients
who overpronate or under-
pronate, helps improve ankle
stability and alignment by resist-
ing the tendency to roll during
gait. The heel cup has a wide
exterior profile, and on either
side it is structured and con-
toured to act as an extrinsic
rearfoot post. Whereas the
spring of the company’s original
rounded heel cup is achieved
using a spherical bottom sur-
face, the Stabilized Heel Cup
design features flatter vertical
sides that transition into a
slightly domed bottom. 
Sols
855/932-7765
sols.com

KLM Ankle 
Brace

The new KLM Brace from KLM
Laboratories is a custom-
molded gauntlet-style ankle foot
orthosis (AFO) specifically de-
signed to stabilize the lower ex-
tremity, improve mobility, re-
duce pain, and decrease the
risk of falls in patients with in-
stability, weakness, or gait im-
pairments. The KLM Brace is
flexible and lightweight, with a
durable polyester cloth soft in-
terface for added comfort and
fit. The standard brace is 9" high
and comes with a functionally
balanced AFO shell of 3-mm
polypropylene, but the rigidity,
height, and alignment relative
to the floor can all be cus-
tomized to meet each patients’
specific needs.   
KLM Laboratories
800/556-3668
klmlabs.com

OA Reaction
Web Brace

DJO Global’s DonJoy brand of-
fers the new OA Reaction Web
brace as a discreet solution for
knee osteoarthritis pain. The
brace frame features lightweight
silicone hexagonal webbing,
with a soft silicone condylar pad
and air pockets that gently sup-
port the knee using a nonslip
cup effect, providing shock ab-
sorption and offloading for an-
terior and tibiofemoral knee
pain relief. The OA Reaction
Web’s low profile allows pa-
tients to wear it discreetly under
pants or skirts, or with exercise
clothes. The brace features a
four-way, adjustable, wrap-
around design intended to cre-
ate a custom-like fit for most
legs. 
DJO Global
760/727-1280
djoglobal.com

Helli Dynamic
Walking Shoe

The Helli Dynamic Walking
Shoe from Waldlaufer USA is
designed for people suffering
from plantar fasciitis, heel spurs,
hallux limitus, or metatarsal
pain. The mild rocker sole sup-
ports the arch while gently pro-
pelling the foot through the gait
cycle, helping to reduce the
load on the patient’s heels,
soles, toes, and joints. The Helli
features the company’s ultra-
light construction and comes in
European width H, which is
equivalent to a US women’s C-
D width. Every Waldlaufer shoe
model features leather covered
footbeds, which are removable
to accommodate personal foot
orthoses and many braces.
Waldlaufer USA
866/537-8363
waldlaufer.com
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Standard Cyborg
Water Leg

The Standard Cyborg Water Leg
is a 3D-printed, waterproof leg
that a transtibial amputee can
use in the shower, at the beach,
or in the pool with no need to
worry about damaging his or
her primary prosthesis. The 30-
minute scanning process can
be done with a smartphone and
a simple scanning kit available
from the company. The leg has
a 3D-printed plastic frame cov-
ered with carbon fiber, and fea-
tures a rocker bottom and non-
slip tread. Patients use a sus -
pension sleeve and the liner/
sock combination they use with
their primary prosthesis. Above-
knee models are expected later
this year.
Standard Cyborg
415/723-5990
standardcyborg.com

LP EmbioZ
Socks

La Pointique International offers
the new LP EmbioZ Ankle Sta-
bilizer Socks in regular (pic-
tured) and calf lengths. The
sock design features a Heel
Lock strap to support and sta-
bilize the ankle joint, helping to
reduce the risk of ankle sprain.
A Power Band provides arch
support and wraps around the
ankle in a lateral-to-medial di-
rection to help improve ankle
control and coordination. A ma-
terial weave at the heel, Achilles
tendon, and forefoot of each
sock has been added to pro-
vide protection and shock ab-
sorption. Gradient compression
helps to promote peripheral cir-
culation and reduce muscle fa-
tigue.
La Pointique International 
206/575-8843
lp-support.com

Mephisto Mobils
Ergonomic Shoes

The Mobils Ergonomic Collec-
tion of all-over padded shoes
by Mephisto includes three ad-
vanced technological features.
All-over soft padding between
the lining and the natural leather
upper cushions the entire foot.
The anatomic removable foot -
bed follows the natural contours
of the foot to provide additional
cushioning, and can easily be
replaced with a patient’s own
foot orthoses if needed. Soft-air
technology in the midsole pro-
tects feet, relieves joints, and
promotes a healthy environ-
ment inside the shoes. The Mo-
bils Ergonomic Collection in-
cludes men’s sandals, women’s
sandals, and women’s shoes.
Mephisto USA
888/234-5450
mephistousa.com

APS-500
Polyethylene

The new APS-500 material from
Allied O&P Supply is a flesh
tone colored, high-strength
polyethylene that can be used
in place of Sureform and Sub-
ortholen when making custom
foot orthoses. It is suitable for
deep draws and embossing.
The new product can be cold
formed as well as thermo
molded at a recommended
oven temperature of 325° to
350° F; shrinkage is normal
when heated. The new high-
strength polyethylene is avail-
able in 1-mm, 2-mm, 3-mm,
and 4-mm thicknesses. The
physical properties of the APS-
500 include a melting point of
275° F, a flash point of 658° F,
and a density of .93 -.95 g/cm².
Allied O&P Supply
866/472-1107
alliedoandpsupply.com
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Coral Chewables
Supplements

The new Coral Chewables sup-
plement has a Bavarian cream
flavor and delivers 500 mg of
bioavailable coral calcium in ad-
dition to 73 other minerals. The
above-sea coral calcium is in-
tended to help patients reduce
the risk of osteoporosis and
achieve peak bone mass in the
lower extremities and the entire
skeletal system, and is har-
vested without harming delicate
ocean environments. The easy-
to-chew tablets are free of arti-
ficial colors and preservatives.
Coral Chewables come in 120-
count bottles and are available
at natural food and vitamin
stores, with a manufacturer-rec-
ommended price of $14.95.
Coral 
805/773-1000
coralcalcium.com

Arcopedico
Boots and Flats

Arcopedico USA offers new
comfort boots and flats for fall
and winter 2015. Claire is a clas-
sic riding boot with a 14" soft
leather shaft, a wide toe box,
detailed stitching, two adjus -
table calf buckles, a 1" heel,
and an antimicrobial, cushioned
insole. The Chelsea D is an ur-
ban-style ankle boot with a soft
leather upper, side elastic gor-
ing, a wide foot bed, and an or-
ganic polyurethane grip sole.
The Lisa is one of six new styles
in the company’s Vegan Lytech
line of flexible, conforming, eco-
friendly shoes. The water-resis-
tant, machine-washable Lisa flat
has a sports sole grip and a
breathable anatomical insole.
Arcopedico USA
775/322-0492
arcopedicousa.com

Becker
Ankle Joint

Becker Orthopedic now offers
the new Compact Double Ac-
tion Ankle Joint (Model 725) for
orthotic devices, designed to
provide a variety of options in
one complete small package.
The Compact Double Action
Ankle Joint comes optimized
with pins in the anterior chan-
nels and springs in the posterior
channels to facilitate normal gait
after initial contact, while pro-
viding maximum control and
stability of the knee and hip. Ex-
tra springs and pins are included
with the new joint so practition-
ers can address all the potential
needs of a patient’s foot and an-
kle complex. Replacement parts
are also available.
Becker Orthopedic
800/521-2192
beckerorthopedic.com

Therafirm 
Ease Hosiery

Ease gradient compression
hosiery from Therafirm is de-
signed to promote better blood
flow, prevent swelling, and re-
lieve tired, achy legs and feet
and to be donned with ease by
people with limited mobility or
dexterity. The soft, breathable
garments feature ultra-stretchy
yarns, moisture-wicking Cool-
Max fibers, a reinforced toe and
heel, and toe seams and bands
that are smooth and nonrestric-
tive. Ease hosiery styles include
trouser socks, knee-highs, thigh
highs, and waist high garments.
Pantyhose contain a soft, knit-
in waistband to prevent rolling;
knee-highs come with knit-in or
silicone bands.
Therafirm, a division of Knit-Rite
866/842-0984
therafirm.com



Opposition to Medicare prosthetic care
draft grows; experts, amputees join fight 
Scientists disavowing the use of
their research by Medicare offi-
cials to justify proposed prosthetic
limb reimbursement changes, the
social media campaign #not -
aluxury, and protests led by am-
putee rights groups and profes-
sional O&P organizations are
among the voices protesting the
proposed rule change. 

The draft Medicare rule would
immediately affect about 150,000
amputees among the 55 million
Americans covered by Medicare.
It has drawn widespread attention
as it most likely would trigger com-
parable changes at the Veterans
Administration and private payers
dealing with two million US am-
putees, as well as the 185,000
people who undergo new ampu-
tations each year. 

A 150-person strong Am-
putee Coalition/American Or-
thotic & Prosthetic Association

group on August 26 outside the
Department of Health and Hu-
man Services (HHS) protested
the draft rule, and more than
109,000 have signed a White
House petition to rescind the
proposal. In additon, nine au-
thors of papers cited by Medi-
care as supportive of its planned
move sent a letter to HHS that
read, in part, “The proposed
changes ... in our expert opinion,
would diminish both the quality
and access to prosthetic care
across our nation. We, as the ex-
perts cited in this document,
wish to go on record as strongly
opposing the draft [rule].”

Read the letter in full at
http://bit.ly/9researchers, and
join the social media campaign
at facebook.com/AmputeeUSA
and on Twitter at @Amputees
USA. For updates on the issue,
visit lermagazine.com.  

ASU installs $500K virtual reality gait lab 
Alabama State University’s (ASU)
Biomechanics and Motor Control
Laboratory in Montgomery in
August installed an advanced
gait analysis device that places
patients in virtual reality simula-
tions. 

GRAIL, or the Gait Realtime
Interactive Analysis Lab, looks
like a cross between a huge
video game and a sound stage,
according to an ASU release. It
consists of a wide treadmill sur-
rounded by a semicircular pro-
jection screen and overhead
cameras. 

Seven linked computers run
the system, synching all the com-
ponents so the patient’s view of
the environment on the screen
(eg, a rope bridge swaying in the
wind), matches the speed, pitch,
and sway of the treadmill belt.

The US Army Research
Laboratory in Adelphi, MD,
awarded ASU’s lab a $500,000
grant for the device, designed
by the Amsterdam-based Dutch
company Motek Medical B.V. 
It is one of only six in North
America. 

ASU’s lab, led by Lee
Childers, PhD, MSPO, CP, assis-
tant professor of prosthetics and
orthotics, is focused on answer-
ing three primary questions:
how people with amputations or
neurological injuries use their re-
maining motor system to use
O&P devices; how to improve
running performance while min-
imizing the risk of injury; and
how the human nervous, mus-
cular, and skeletal systems in-
teract to solve Bernstein’s prob-
lem of motor redundancy. 

Bulldog joins Opie as integrated supplier 
Gainesville, FL-based Opie Soft-
ware and Bulldog Tools, of Lewis-
burg, OH, reported in August
that Bulldog is now an integrated
supplier within the Opie Purchas-
ing & Inventory System and at
oandp.com/shop. Bulldog de-
signs, engineers, and manufac-

tures certified O&P tools and
products.  

This new technological in-
tegration allows Opie and Futura
Software users as well as visitors
to the oandp.com website to
place electronic orders for all
Bulldog’s O&P products. 

Allied OSI Labs introduces DME crutches
Indianapolis, IN-based Allied
OSI Labs noted in August that
it is expanding its over-the-
counter and durable medical
equipment (DME) line by offer-
ing Medicare-reimbursable
crutches for in-office dispens-
ing.

The Doctor’s Choice DME

Crutches have adjustable lengths,
are lightweight, and provide arm
padding and handgrips. The
aluminum crutches retail for
$14.95 for youth and standard
adult sizes, and $18.95 for the
adult tall size. Practitioners can
also use Medicare billing L-
Code E0114.  

Bauerfeind partners with NBA trainers 
Tampa, FL-based Bauerfeind on
July 19 announced a partnership
with the National Basketball 
Athletic Trainers Association
(NBATA). 

According to the company,
27 NBA teams use Bauerfeind
products, including the Genu-
Train, AchilloTrain, and other
products that stabilize, assist in

the reduction of pain, and stim-
ulate healing with medical grade
compression. 

Bauerfeind will soon launch
Trainer Talk on its website, bauer-
feind.com. This new resource will
include blogs and videos fea-
turing NBATA trainers detailing
the company’s designs and
features. 
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NICE updates three diabetes guidelines 
The UK’s National Institute for
Health and Care Excellence on
August 26 published three up-
dated guidelines for the manage-
ment of diabetes that emphasize
prevention and rapid care of di-
abetic foot problems and tight
glucose control for adults and
children. 

The recommendations for
prevention of diabetic foot
problems include providing ed-
ucation to patients on foot care
and complications and advise
immediate referral of people
with limb- or life-threatening
foot problems to a multidiscipli-
nary foot care service. All other

active diabetic foot problems
should be referred within one
working day to the multidisci-
plinary foot care service or foot
protection service, according to
the guidelines. 

The guidelines for manage-
ment of type 1 diabetes in adults
and for type 1 and 2 diabetes in
children advise clinicians to at-
tempt to reach a target HbA1c
level of 6.5% or lower. The au-
thors note that achieving such
tight control can be difficult, par-
ticularly for pediatric patients, who
may need individualized targets. 

The updated guidelines are
available at nice.org.uk.   

AMP 1 team wins at stand-up basketball 
The Freedom Innovation-spon-
sored AMP 1 national team of
amputee basketball players in
August competed in Los Ange-
les at the Nike 3on3 Tourna-
ment, winning three games of
stand-up basketball against able-
bodied players in the street bas-

ketball and fan festival. 
The players use the Irvine,

CA-based company’s advanced
prosthetics, including the Rene-
gade Prosthetic Foot and Plié Mi-
croprocessor Controlled Knee.
Go to amp1basketball.com to
read more about the team. 
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FDA fast-tracks Flexion’s OA injectable 
Burlington, MA-based Flexion
Therapeutics reported on Sep-
tember 1 that the US Food and
Drug Administration (FDA) has
granted Fast Track designation
for FX006, Flexion’s late-stage
lead drug candidate for os-
teoarthritis (OA) of the knee. 

FX006 is a potential first-
in-class injectable, sustained-
release, intra-articular drug for
patients with moderate to se-
vere knee OA pain. It provides
long-lasting local analgesia while
avoiding systemic side effects,
according to Flexion. 

About 600 patients have

been treated with FX006. In a
completed phase 2b dose-rang-
ing clinical trial, FX006 has
demonstrated clinically mean-
ingful and significantly improved
pain relief compared with the
current injectable standard of
care, triamcinolone acetonide.
In two phase 2a synovial fluid
pharmacokinetic studies, a sin-
gle injection of FX006 demon-
strated therapeutic concentra-
tions of the drug in joint fluid
for at least 12 weeks. Data from
a phase 3 clinical trial are ex-
pected in the first quarter of
2016.   

Sigvaris lobbys for lymphedema act
Peachtree City, GA-based Sig-
varis sponsored an August 8
meeting between a Tennessee
congressman and a wound care
specialist and other stakehold-
ers who support the Lym-
phdema Treatment Act. The act
would amend the current
Medicare statute to allow for
coverage of compression sup-
plies.

Wound care and lymphe -
dema specialist Robyn Bjork,

MPT, CWS, WCC, CLT-LANA,
CLWT, and a team including the
Lymphedema Advocacy Group
and lymphedema patients met
with Jim Cooper (D-Tenn) to
share lymphedema education,
personal stories about living with
the condition, and information
on the benefits of compression
garments. 

For more information on
the act, go to http://lymphede
matreatmentact.org.    

Integra’s membrane speeds DFU healing,
company inks deal to sell Tornier ankles 
Wound Repair & Regeneration
on August 22 epublished re-
sults from a pivotal clinical trial
showing Integra LifeSciences’s
bilayer membrane skin regen-
eration system closed nonheal-
ing diabetic foot ulcers (DFUs)
faster than standard care.  

The 32-site trial random-
ized 307 patients with at least
one nonhealing DFU to IDRT (In-
tegra Dermal Regeneration Tem-
plate, n = 154) or .9% sodium
chloride gel (n = 153). IDRT sig-
nificantly outperformed the
sodium chloride gel in median
time to complete DFU closure
(43 days vs 78 days) and rate
of wound size reduction per
week (7.2% vs 4.8%). 

Integra’s CEO Peter Arduini

noted the Plainsboro, NJ-based
company is on track to com-
mercialize IDRT for the DFU
market in mid-2016. 

In September Integra an-
nounced it had inked a defini-
tive agreement to acquire the
US rights to Dutch company
Tornier’s Salto Talaris and Salto
XT ankle replacement and silas-
tic toe replacement products
for an undisclosed cash pay-
ment. 

The transaction is subject
to approval by the Federal
Trade Commission and the clo-
sure of the pending merger of
Tornier, which has its global
headquarters in Amsterdam,
and Memphis, TN-based Wright
Medical Group.   

Grant will fund study of Cadence device
The Physiotherapy Foundation of
Canada and the Quebec Rehabil-
itation Research Network in Au-
gust awarded a CA$20,000 grant
to Cadence Biomedical’s research
collaborators for study of the Seat-
tle-based company’s Kickstart de-
vice for stroke recovery. 

Researchers from the Uni-

versité de Montréal and the Cen-
ter for Interdisciplinary Research
in Rehabilitation of Greater Mon-
treal will investigate the effect of
the elasticity-based lower limb
assistive exoskeleton on walking
and walking-related abilities in
individuals with poststroke hemi-
paresis.   

Ottobock starts orthotic business unit  
Austin, TX-based Ottobock in
August announced the creation
of a business unit focused on off-
the-shelf orthoses, fbracing, and
supports. The Activity & Sports
Medicine (ASM) unit combines
products from Ottobock acqui-
sitions Ortho Rehab, Bio Cyber-
netics International, and Cy-
bertech and its global portfolio
of orthotic solutions.  

“Ottobock has developed
and marketed orthotic products
for decades,” said Matt Waidelich,
president and CEO of Ottobock’s
ASM business unit. “Our new
name reflects the clinicians we
work with, helping to improve out-
comes for patients with acute and
chronic conditions like os-
teoarthritis of the knee and spinal
stenosis.” 
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Insurance issues slow prosthetic market   
The global market value for pros-
thetics will rise slowly in the next
few years, from just over $1 bil-
lion in 2014 to approximately
$1.21 billion by 2021, hindered
by reimbursement difficulties, ac-
cording to an August 25 report
by London, UK-based research
and consulting firm GlobalData.

The increase, which will oc-
cur across the 10 major markets
of the US, France, Germany, Italy,
Spain, the UK, Japan, India,
China, and Brazil, represents a
tepid compound annual growth
rate (CAGR) of 2.6%, the report
states.

Insurers are increasingly
emphasizing the requirement for

strong clinical evidence before
granting reimbursement for
newly approved advanced pros-
thetic devices, and reimburse-
ment issues remain the largest
obstacle to growth in this med-
ical device segment, said Jen-
nifer Ryan, GlobalData’s analyst
covering medical devices. 

“Emerging technological ad-
vancements in prostheses that
improve user comfort and func-
tionality, including devices wired
into the user’s nervous system,
offer an exciting frontier for mar-
ket growth during the forecast
period, providing reimbursement
issues can be resolved,” she re-
ported.  

WillowWood exec Joe Arbogast dies 
Joseph “Joe” Arbogast, former
co-owner and executive vice
president of Mt. Sterling, OH-
based prosthetic manufacturer
WillowWood, died on August 10.

Arbogast was part of the
third generation of the Arbogast
family to lead WillowWood. After
serving in the US Army, he be-
gan working full-time at Willow-
Wood in 1967. In the early
1980s, Arbogast headed the

construction of the company's
current facility. Arbogast was part
of several of WillowWood’s key
product releases and industry
firsts. He held a number of US
patents, many in the field of pros-
thetics. 

While remaining active in bus -
i ness strategy and key decisions
until his death, he assumed a
quieter leadership role within the
company during the 1990s. 






