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3D printing is no longer

some futuristic concept

that might someday affect

lower extremity healthcare.

It’s here, and it’s already

changing the landscape

more quickly than many

had expected. But, as

anyone who follows

journalists on Twitter can

attest, the battle to be at

the forefront of something

new often leads to critical

details being overlooked. 

At the recent Ortho Technology Forum (see “Conference

Coverage: Ortho Technology Forum 2015,” page 29) and at the

joint meeting of the Pedorthic Association of Canada and the

Prescription Foot Orthotic Laboratory Association that followed,

much of the discussion about 3D printing involved concerns that

the technology will encourage the emergence of entrepreneurial

orthotics companies with business strategies that emphasize cost

over quality. And, certainly, that’s a legitimate concern. 

But to me, the bigger issue with 3D printing is that even

companies or clinicians who want to create quality orthotic

products using the technology may not be able to do it. That’s

because the types of materials that are amenable to 3D printing,

and the way those materials behave once they’ve gone through

the additive manufacturing process, could end up being

completely different from the subtractive manufacturing world.

For starters, many of the materials that have traditionally been

used for orthotic devices simply can’t be used in a 3D printer.

Research and development departments have been working to

identify alternative materials that are compatible, but it will take

time to determine just how well those additive materials compare

to their subtractive counterparts in terms of clinically relevant

characteristics, such as how the material responds to dynamic

weight bearing or shear forces.

Even in cases in which traditional orthotic materials actually do

lend themselves to 3D printing, another hurdle to overcome is

that the manufacturing process itself can change the properties 

of the material. 

One challenging aspect of additive manufacturing is that products

are typically composed of numerous micron-scale beads piled on

top of one another, according to a recent statement from the

Defense Advanced Research Projects Agency announcing its

Open Manufacturing program. “Even when well-known and

trusted alloys are used, the additive process produces a material

with a much different ‘microstructure,’ endowing the manufac -

tured part with different properties and behaviors than would be

expected if the same part were made by conventional manufac -

turing,” the statement read.

So, essentially, we can’t assume that anything we know about 

the material properties of traditional orthotic devices will be 

true for 3D-printed orthotic devices. Clinically, that seems like a

big problem.

I do believe that 3D printing has the potential to take orthotic therapy

to the next level. But it will take extensive research to develop any

type of clinical confidence in 3D-printed orthotic materials—research

that, as far as I can tell, is only in its earliest stages. 

In the meantime, jumping on the 3D printing bandwagon may be

good for business. But without evidence of clinical effectiveness,

it’s impossible to know whether it will be good for patients. That’s

not a risk I’d be willing to take just yet.

Jordana Bieze Foster, Editor

We can’t assume that anything we know
about the material properties of orthotic
devices will be true for 3D-printed devices.

out on a limb:
3DP’s material needs
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Concussion chronicity
Balance deficits persist long term 

Postural control deficits in concussed ath-
letes remain long after their clinical symp-
toms have resolved, and earlier return 
to activity exacerbates those lingering 
effects, according to research presented in
May at the annual meeting of the Ameri-
can College of Sports Medicine (ACSM) in
San Diego.

In an investigation done at Campbell University in Buies Creek, NC,
a multicenter team of researchers assessed static and dynamic pos-
tural control in seven concussed college athletes and 11 controls at
four time points: 24 to 48 hours, eight days, 15 days, and 22 days
after injury. Peak center of pressure velocity was measured during
quiet stance (static) and while athletes played the Wii Fit Soccer
Heading game (dynamic). 

All of the concussed athletes were cleared by their treating

physicians to return to sports by the eight-day time point. However,
significant differences in static postural control between concussed
athletes and controls persisted at eight days, and dynamic differences
persisted at day 15 and day 22. 

“One regret we had was that we didn’t keep going, to see how
long these effects lasted,” said Douglas Powell, PhD, director of the
Advanced Interdisciplinary Movement Science Laboratory at the uni-
versity, who presented the findings at the ACSM meeting.

Researchers from Georgia Southern University in Statesboro 
followed 18 concussed athletes for 30 days following injury and

in the moment: sports medicine

Patients with ankle instability respond
to auditory feedback by changing gait
Plantar pressure-based auditory
feedback is associated with
changes in plantar pressure and
muscle activation during gait in
patients with chronic ankle in-
stability, according to research
from the University of Virginia in
Charlottesville.

An in-shoe biofeedback de-
vice, with a sensor under the fifth
metatarsal head that was pro-
grammed to emit a noise in re-
sponse to excessive lateral plan-
tar pressure, was employed in
10 individuals with chronic ankle
instability, who were instructed
to walk in a manner that was as
normal as possible but without
triggering the noise. 

Compared with the partici-
pants’ normal gait, the feedback
device was associated with sig-

nificant plantar pressure de-
creases in the lateral forefoot
and midfoot and the central 
forefoot. Electromyography also
revealed increases in peroneus
longus and medial gastroc -
nemius activation during early
stance.

“It was interesting to see that
some of the measures that were
proximal to the sensor were
changed as well,” said Luke
Donovan, PhD, ATC, now an as-
sistant professor of kinesiology
at the University of Toledo in
Ohio, who presented the findings
in May at the ACSM meeting. 
Source:
Donovan L, Hart JM, Saliba S, et al. Ef-
fects of an auditory biofeedback device
on plantar pressure in participants with
chronic ankle instability. Med Sci Sports
Exerc 2015;46(5 Suppl);S104.

One workshop prepares youth coaches
to implement knee injury prevention 
Youth soccer coaches can suc-
cessfully implement an injury
prevention program after a sin-
gle 90-minute training work-
shop, according to research pre-
sented in May at the ACSM
meeting.

In a study done at the Uni-
versity of Connecticut in Storrs,
the coaches of 12 youth soccer
teams (89 players, age range
8-14 years) attended a training
workshop before implementing
a warm-up based injury preven-
tion program for a single sea-
son. The coaches of six teams
observed researchers imple-
menting the program for a sea-
son prior to the training work-
shop; the coaches of the other
six teams had workshop train-
ing only. 

Landing Error Scoring Sys-
tem (LESS) scores, a measure of
landing-based lower extremity
injury risk, were significantly 
better at the end of the coach-
led intervention season than at
its beginning (mean change, .8
fewer errors), regardless of
whether the coaches had been
exposed to the program prior to
the training workshop. Among
the 64 players at high risk for
knee injury according to base-
line LESS scores, the interven-
tion was associated with LESS
score improvement of 2.3 fewer
errors. 
Source:
Pryor JL, Root HJ, Martinez JC, et al.
Coach-led injury prevention program
improves jump-landing technique in
youth soccer athletes. Med Sci Sports
Exerc 2015;46(5 Suppl);S340.

Continued on page 12
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compared them with 10 controls
using linear and nonlinear
measures of postural control in
conjunction with the Balance
Error Scoring System. Linear
measures (95% area, mean ve-
locity) differed significantly be-
tween groups at 24 to 48 hours
after injury, but the nonlinear
measure of approximate en-
tropy (a measure of gait pre-
dictability) differed significantly
at the time of return to play and
at 30 days postinjury. 

“Is approximate entropy in-
dicative of premature return to
play, or risk of injury? We don’t
know, but it’s something we
need to look at further,” said
Kelsey M. Evans, MS, a graduate
student at the university, who
presented the findings at the
ACSM meeting.

Research from the Univer-
sity of Michigan in Ann Arbor

suggest concussion may have
even longer-lasting effects on
gait, particularly under challeng-
ing conditions. When crossing
an obstacle during gait, toe
clearance, hip external rotation,
and trail foot knee extension dif-
fered significantly between eight
college-aged participants with a
history of concussion (the aver-
age time from injury was 5.7
years) and eight controls with no
similar history. Similar trends
were observed when a cognitive
task was added to the obstacle-
crossing protocol, although the
differences between groups
were not statistically significant.

“The concussion group may
be using a more proactive strat-
egy,” said Douglas Martini, PhD,
a graduate research assistant at
the university, who presented
the findings at the ACSM meet-
ing. “The question is, how does

this affect these people as they
age? Do the differences be-
come greater, and does that put
them at a greater risk of injury?” 

Findings reported at the
ACSM meeting by researchers
from Boston Children’s Hospital
appear to illustrate the potential
risks associated with premature
return to sports following a con-
cussion. Investigators assessed
center of mass (COM) motion
during gait in 29 athletes (mean
age 15.4 years) two months fol-
lowing a concussion. Time to
return to activity averaged 23.9
days, but ranged from five to
57 days. 

The investigators found that
the day of return to activity was
significantly associated with
COM mediolateral displacement
and COM velocity during dual-
task gait. 

“Those who returned earlier
performed worse at two months
than those who returned later,”
said David R. Howell, PhD, ATC,
a postdoctoral research fellow
at the hospital, who presented
the findings. 
Sources:
Murray NG, Salvatore AP, Powell D,
Reed-Jones RJ. Evaluation of static
and dynamic postural control in ath-
letes with concussions during recov-
ery. Med Sci Sports Exerc 2015;46(5
Suppl);S571.
Evans KM, Li L, Munkasy BA, et al. Lin-
ear and non-linear as measurements of
postural control recovery following
concussion. Med Sci Sports Exerc
2015;46(5 Suppl);S570.
Martini D, Goulet GC, Gates D, et al. A
preliminary investigation: Long-term ef-
fects of concussion on obstacle cross-
ing. Med Sci Sports Exerc 2015;46(5
Suppl);S570.
Howell DR, Osternig LR, Christi AD,
Chou L-S. Return to activity timing is as-
sociated with dual-task gait stability two
months after concussion. Med Sci
Sports Exerc 2015;46(5 Suppl);S571.
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Running shoe reveal
Study links max cushioning, higher load 

Researchers from the Spaulding National
Running Center at the Harvard Medical
School in Cambridge, MA, have found that
running in highly cushioned shoes is not
associated with lower impact forces than
conventional running shoes. 

Instead, the investigators found highly cushioned (HC) shoes result
in a significantly higher vertical average load rate (VALR) and vertical
instantaneous loading rate (VILR), both of which have been associ-
ated with overuse injuries such as tibial stress fractures and plantar
fasciitis. The findings were presented in May at the annual meeting
of the American College of Sports Medicine (ACSM) in San Diego. 

The study was inspired by HC shoe manufacturers’ claims that
the thicker midsoles reduce the impact of landing during running,
said Matthew Ruder, MS, a laboratory engineer at the Spaulding
National Running Center, who presented the findings. These shoes
are designed with up to 2.5 times more cushioning by volume than

the standard running shoe, accounting for less heel-to-toe drop
and a more uniform thickness throughout the shoe. The HC shoes
used in the ACSM study had a 4-mm heel drop, versus about a 12-
mm heel drop in the traditional shoes. 

in the moment: foot function

Balance data suggest somatosensory 
benefit of minimalist footwear design
Minimalist shoes are associated
with better balance perform-
ance than clog-style molded
plastic shoes or flip-flops, ac-
cording to a study from the Uni-
versity of Mississippi in Oxford. 

In 18 men (average age
22.9 ± 2.9 years) with no his-
tory of neuromuscular disor-
ders, researchers assessed
sway velocity and root mean
square of the center of pressure
during static balance follow -
ing a one-mile walk at a self-
selected pace under the three
footwear conditions. 

Balance performance with
eyes closed was significantly
better for the minimalist shoe
condition than for the other two,
which the authors suggested

may be because that shoe’s de-
sign facilitates somatosensory
feedback that helps to compen-
sate for the loss of visual infor-
mation. The findings were pre-
sented in May at the ACSM
meeting.

“We were hoping for one
specific footwear characteristic
to come out in the results, but
that didn’t happen,” said lead
study author Samuel J. Wilson,
MS, a doctoral student in the
Applied Biomechanics Labora-
tory at the university, who pre-
sented the findings. “It looks like
it’s some combination.” 
Source:
Wilson SJ, Chander H, Morris CE, et al.
Alternative footwear’s influence on
static balance following a one-mile
walk. Med Sci Sports Exerc 2015;46(5
Suppl);S562.

Dynamic arch height in runners differs
significantly from static measurement
Dynamic measures of arch
height in runners are signifi-
cantly different from static
measures, according to re-
search from Brigham Young
University in Provo, UT. 

The investigators assessed
16 healthy college-aged run-
ners, who ran an average of 15
to 30 miles per week. Arch
height was assessed using the
Oxford Foot Model with the par-
ticipants barefoot, first while
standing on a treadmill and
then while jogging; the dynamic
measurement was taken at the
point of peak knee flexion. 

The mean arch height for
the group was 16.2 ± 4.6 mm
for the static trial and 13.7 ±
5.2 mm for dynamic trial. In 13

runners, dynamic arch height
on average was more than 25%
lower than static arch height,
which researchers had pre-
dicted, given that ground reac-
tion forces during running are
twice those of standing. But in
three runners–all midfoot or
forefoot strikers–dynamic arch
height was 5.53% to 54.03%
greater than static arch height,
likely due to increased activa-
tion of the intrinsic foot muscles
and/or the windlass mecha-
nism. The findings were pre-
sented in May at the ACSM
meeting. 
Source: 
Olsen MT, Griffin DB, Seabrook KE, et
al. Comparing static and dynamic arch
height during running using the Oxford
Foot Model. Med Sci Sports Exerc
2015;46(5 Suppl);S595.

Continued on page 14
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Fourteen healthy male run-
ners (age 31.6 ± 11.2 years),
who run on average a minimum
of 10 miles per week, were re-
cruited for the ongoing study.
All were rearfoot strikers. They
ran at a standard self-selected
speed (average 2.68 m/s) on
an instrumented treadmill under
both shoe conditions. 

Ruder said the team found
little difference between shoes
for vertical ground reaction
forces. However, running in HC
shoes resulted in significantly
higher impact loading (VILR and
VALR). The peak lateral forces
that occur early in the stance,
which appeared to be lower in
the HC shoes than the tradi-
tional shoes when fewer run-
ners were analyzed, also turned
out to be significantly higher for
the HC shoes. These increased

forces may further increase the
pronatory moment during early
stance.

While counterintuitive, the
results are consistent with other
studies, the researchers said. In
a 2006 study of nine healthy
runners, investigators from the
University of Florida in Gaines -
ville reported that leg stiffness
during hopping was significantly
greater in a cushioned shoe than
barefoot, whereas leg stiffness
did not differ significantly be-
tween a less-cushioned shoe
and barefoot. Those findings
were published in the Journal of
Athletic Training.

“People actually land softer
when they have less cushion-
ing,” said study coauthor Irene
S. Davis, PhD, PT, a professor in
the Department of Physical
Medicine and Rehabilitation at

Harvard Medical School and di-
rector of the Spaulding National
Running Center. “Cushioning
actually lulls you into thinking
you can slam your foot into the
ground.”

The runners were given
three minutes on the treadmill
to acclimate to each shoe before
data from 15 steps were col-
lected. Because the participants
were not habituated to the HC
shoes, the researchers have
more studies planned to see if
more time for familiarization has
an effect on loading rates.

“We still have much to do,”
said Ruder. “This was just a pilot
study with runners who don’t
run in these shoes. We need to
get people who run in these
shoes habitually. This will be es-
pecially important to know—
how people have adapted to

running in them over time.” 
The researchers plan to

look at the kinematics associ-
ated with the different shoe
cushioning conditions, and also
have started to collect ac-
celerometer data at the ankle
to examine tibial shock. The re-
sults from the accelerometer
data will be presented at the
annual meeting of the Ameri-
can Society of Biomechanics in
August in Columbus, OH.  

“I think there will be some
interesting results to come out
of that as well,” Ruder said. 
Sources:
Ruder M, Atimetin P, Futrell E, Davis I.
Effect of highly cushioned shoes on
ground reaction forces during running.
Med Sci Sports Exerc 2015;46(5 Suppl);
S267.
Bishop M, Fiolkowski P, Conrad B, et al.
Athletic footwear, leg stiffness, and run-
ning kinematics. J Athl Train 2006;
41(4):387-392.
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Managing Finger and Toe Wounds

The entire dressing was applied to cover the the knuckle as well as the wound in
order to help reduce the swelling faster.

Reference:

1. Harrison J. Successful Healing of Digit Wounds with One Dressing. Poster 6130.
Wound Ostomy and Continence Nurses Association (WOCN). June 9-13, 2012.
Charlotte, NC, USA. 

The closing and healing of all wounds involves establishing and
maintaining optimal wound healing conditions. Managing
wounds on fingers and toes can be difficult due to the need to

reduce edema without a good way to accomplish the goal.
Additionally, a caregiver is often required to apply dressings in a way
that limits the digit’s range of motion, further interfering with the
healing process.  Dressings applied to the finger or toe often need to
be changed frequently because they slip off due to movement.  In
patients with vascular or diabetic co-morbidities, digit wounds can be
especially slow to heal and often require multiple medical
interventions.  

A recent poster,1 highlighting four patients with digit wounds on either
the hand or foot, demonstrated the use of Ferris Mfg. Corp.’s latest
product, the PolyMem® Finger/Toe dressing. The dressing was
developed to be easily applied and removed and contains the same
formulation of all PolyMem dressings, helping ensure less pain and
more healing.

Patient 1 was a 78-year-old diabetic male with a below-the-knee right
leg amputation. He bumped his left foot during a transfer from his
wheelchair to the toilet. The trauma resulted in three blood-filled
blisters on the second toe of the left foot and swelling of his left lower
extremity became a healing obstacle.  Due to increased susceptibility
to infection, the silver version of the PolyMem Finger/Toe dressing
was applied to the blisters. His wife performed the dressing changes
and his blisters dried under the dressings in less than two weeks,
using only two dressings.

Patient 2 was a 71-year-old diabetic male with a history of poor
vascular perfusion, below-the-knee amputation of the right leg, and
venous stasis ulcers. The hook-and-loop fastener of a post-operative
shoe created a friction wound on the top of the toe on his remaining
foot. The periwound skin became edematous and macerated.  Using
the PolyMem Finger/Toe dressing, he was able to do his own dressing
changes and the periwound maceration, swelling and weeping
decreased.  The wound, which originally measured 0.5 cm x 0.7 cm x
0.1 cm, was closed in 14 days.  Only two PolyMem dressings were
used to close this wound.

Patient 3 was a 56-year-old paraplegic female whose shoe came off
when her foot fell from the wheelchair footrest, resulting in an
avulsion of the second toenail of the left foot.  The periwound skin
became slightly erythemic and edematous.  Her dressing changes
were performed by home health and the wound closed in only three
days.

Patient 4 was a 56-year-old male who suffered an amputation at the
proximal joint of the first finger of his right hand while operating a
hydraulic log-splitter. A surgical flap was attempted, but it was
unsuccessful. The periwound skin was swollen, macerated and warm
to the touch.  He received whirlpool baths to the wound twice weekly
by physical therapy.  He changed his own dressings when required
and when no whirlpool treatments were scheduled.  The macerated
periwound skin resulting from the whirlpools was managed with a
barrier cream. The pain during the whirlpool treatments was managed
with oral analgesia.  All these wounds healed rapidly using PolyMem
Finger/Toe dressings. 

PolyMem is a multifunctional polymeric membrane dressing and
contains components that draw and concentrate the body’s natural
healing substances into the wound bed to promote rapid healing.
PolyMem Silver has all the unique properties of the standard pink
PolyMem dressings with the additional antimicrobial properties
provided by elemental silver. 

The Finger/Toe dressings, like all PolyMem products, help to reduce
edema, bruising, pain and inflammation when applied to either open
or closed injuries.  The dressings help relieve both persistent and
procedural pain that is associated with injury and are effective
throughout all stages of the healing process.  The dressings fit
securely over the finger or toe while allowing freedom of movement;
encouraging range of motion; helping reduce pain, swelling, bruising
and inflammation; and providing cushioning protection.  

After application of PolyMem dressings, all these patients experienced
significant swelling reduction in the affected digits and saw rapid
resolution of any previously present periwound skin complications.
Nurses, patients and caregivers found the dressings easy and
convenient to use. Finger/Toe dressings were shown to be cost
effective when compared to other approaches as the number of
dressings used was significantly decreased, the time needed for
dressing changes was minimal and the home health nurses made
fewer visits.  PolyMem dressings provided optimal healing
environments, which resulted in rapid wound resolutions.

The Silver Finger/Toe dressing was easily applied.
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The search for meaning in moments

By Cary Groner

It all started with a shot across the starboard bow of high-heeled shoes. In the late 1990s, researchers
began to investigate the relationship between certain types of footwear and the development and
progression of knee osteoarthritis (OA). The concern was that certain shoe types—particularly those
with high heels or stiff soles—could affect how loading forces passed through the knee, increasing
risk for the disease. The theory gained credibility over time as more researchers expanded the work,
and their findings offered hope of a noninvasive intervention that could alleviate pain and slow or
stop OA’s progress.

More recently, however, others have questioned the validity of these conclusions. At the heart
of the dispute lies the means by which researchers measure loading forces as they traverse the knee,
and to what degree those measurements accurately reflect the cartilage damage—and resulting OA—
to which those forces likely contribute. It’s a devilishly difficult thing to measure directly, and even
proponents of the “shoe theory” acknowledge that their techniques represent an informed guess. 

In addition, researchers and clinicians are becoming increasingly sensitive to the likelihood that
interventions designed to target medial knee loading may have unintended effects elsewhere in the
kinetic chain or even elsewhere in the knee joint itself. 

All of this suggests that, although footwear may in fact play a role in the development of knee
OA and its clinical management, those relationships are turning out to be much more complicated
than once thought.

Although footwear may in fact play
a role in the development of knee
osteoarthritis and its clinical
management, those relation ships
are turning out to be much more
complicated than once thought.
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What we know
Knee OA is the primary cause of chronic disability in older people1

and particularly affects those who are overweight, female, or have
muscle weakness or a history of injury.2 The disease entails a pro-
gressive degeneration of articular cartilage and tissues surrounding
the joint including muscle, bone, and ligament.3 And, though OA
can affect any of the knee’s three compartments, it’s most common
in the medial tibiofemoral compartment.4

The biomechanical forces that appear to contribute to medial
compartment OA are complicated and challenging to describe. Es-
sentially, during gait, the weight-bearing knee aligns laterally relative
to the body’s center of force, and, depending on how a person is
built, this transfers force through the knee joint so that certain parts
take more of the jolt than others.3 The kinetics of this action are typ-
ically described as the knee adduction moment (KAM), a measure
of force and torque that represents how load is distributed across
the knee’s surface. KAM is generally accepted as a valid surrogate
measure of the forces on the knee,5,6 and an excessive KAM indi-
cates torque that rotates the tibia into a varus position on the femur.3

A varus knee alignment (ie, slightly bowlegged) will experience
more force through the medial compartment, and that’s where the
trouble starts.

The question, again, is to what extent some shoe types increase
the KAM, and whether these data can be extrapolated to predict
the development or progression of knee OA.

Not just heels
In the 1990s, Casey Kerrigan, MD, then at Harvard Medical School
in Boston, became curious about why women get knee OA twice
as often as men.2 Footwear seemed an obvious suspect, given that
designs often differ drastically between the sexes. She and her col-
leagues enrolled 20 healthy women in a study and reported in the
Lancet that walking in high heels (~2.5-inch stilettos) altered normal
ankle function, which led to compensations up the kinetic chain that
increased the varus torque (another term for KAM) at the knee by
23%, versus walking barefoot.7

“Very few people at the time were looking at combining the
data of the kinematic and ground reaction forces to evaluate joint
torque,” said Kerrigan, who is now chair of OESH Shoes, a company
she started in Charlottesville, VA. “When you put on a high heel,
you’re eliminating a very important part of foot function. Normally,
as you walk, you land on the outside of your foot, then roll to the in-
side, then go back out. There’s a transfer of forces, and high heels
alter that flow, compromising the foot’s ability to neutralize those
forces in the coronal plane. You can see all the things the body does
to try to get that ground reaction force in line with the joint all the
way up from the ankle, but the farther that force is from the knee
and hip joints, the higher the torques are going to be.”

Once the principle was established, Kerrigan didn’t stop at
stilettos. In a 2001 paper, also published in the Lancet, she found,
surprisingly, that high-heeled shoes with a broad base were even
worse than stilettos.8 In that study, of 20 healthy women wearing
2.5-inch high heels, those with heels two inches wide were associ-
ated with peak knee varus torque values that were 26% higher than
in the barefoot condition, while the same measure in narrower, half-
inch-base heels was 22% higher than barefoot. The results seem
counterintuitive—wouldn’t the body have an easier time compen-
sating for more stable heels of equal height?—but Kerrigan believes
she knows why.
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“I think it’s because stilettos make it so hard to walk that you’re
taking shorter, tentative steps and not generating much torque,” she
said. “With a wider heel, though, you generally feel more comfort-
able and you take a longer stride. This is just what I’ve observed,
but it’s common sense; women wear those
all day long and don’t think of them as high-
heeled shoes. They think that because
they’re more comfortable, they’re not as
hard on your knees, but that’s not the case—
any heel elevation abnormally increases the
loads on the knee.”

To drive the point home, Kerrigan and
her colleagues published a subsequent
paper showing that moderate 1.5-inch–
heeled shoes increased peak knee varus
torque by up to 19% versus flat shoes.9

Then, aiming their sights ever higher (or,
strictly speaking, lower), they reported that
cushioned running shoes (vs barefoot)10 and
even arch supports (vs running shoes with-
out them)11 also were associated with signif-
icant increases in knee joint torque.
(Consensus about this last point remains 
elusive; for example, in 2013 Australian re-
searchers reported that medial arch supports
had no effect on KAM or pain in patients with
medial knee OA.12)

Kerrigan acknowledges that joint torque
is an indirect measure of actual joint contact
forces but says that, if anything, they under-
estimate the actual forces involved. Re-
search supports the connection, in fact. For
example, in a 2002 Japanese study, investi-
gators followed 74 elderly patients over six
years and found that those with more pain
and higher KAM at baseline were more likely
to experience progression of medial knee
OA than the others.13 A paper from Califor-
nia’s Stanford University researchers that
year reported that patients with knee OA had
significantly higher KAM than those without
OA,14 and a 2004 paper in Arthritis &
Rheum atism reported that greater KAM at
baseline predicted chronic knee pain three
to four years later.15 A 2009 review in Knee
reported that KAM increased with OA sever-
ity and was directly proportional to varus
malalignment, hence potentially affecting the disease process.16 In
2012, a review of 33 articles concluded that footwear was likely to
increase  external KAM versus barefoot walking in patients with OA,
and that lateral wedging decreased external KAM in both healthy
individuals and those with OA.17 Finally, another Stanford team re-
ported this year that maximum KAM increased with heel height in
healthy women.18

Rush to judge
While all this was going on, researchers at Rush Medical College in
Chicago were coming to similar conclusions. In a 2006 paper in

Arthritis & Rheumatism, for example, they assessed peak joint loads
in 75 patients (59 women) with knee OA as they walked while bare-
foot and in their everyday shoes.19 They found that peak KAM was
11.9% lower when participants walked barefoot versus shod, and
concluded that even typical street shoes (there was no mention of
heel heights) could detrimentally increase loads on the lower ex-

tremity joints. Although the authors were un-
able to conclude decisively what factors led
to this result, they speculated that sole stiff-
ness (limiting the foot’s natural flexibility) and
loss of proprioceptive input likely played
roles.

The paper’s lead author, Najia Shakoor,
MD, told LER that she and her colleagues
came to the study roundabout; they’d been
trying to reduce loads in patients with knee
OA using wedged orthoses, but weren’t hav-
ing a lot of success.

“We were using the wedges to help
them pronate, but the orthoses also had me-
dial arch support, so we probably weren’t ac-
complishing much,” she said. “Then we just
had them walk barefoot in the lab, and their
loads were much lower, which made us won-
der what their shoes were doing. We thought
we should look more closely at these sup-
portive shoes we’d been telling them to
wear.”

In 2013, Shakoor and colleagues pub-
lished another paper describing the effects
of specialized, flexible-sole footwear (“mobil-
ity shoes”) she and her team had developed
in response to their earlier findings.20 Patients
with knee OA were evaluated at baseline
under three conditions: walking barefoot, in
their usual shoes, and in the mobility shoes;
the analyses were then repeated at six, 12,
and 24 weeks. Patients wore the mobility
shoes a minimum of six hours a day, six days
a week, during the trial. At 24 weeks, re-
searchers found an 18% reduction in KAM
compared with baseline for both walking with
mobility shoes and barefoot. Curiously, pa-
tients also experienced an 11% reduction in
KAM when walking in their own shoes, which
the authors speculated may have resulted
from biomechanical training imparted by
wearing the mobility shoes. 

“There are a lot of neuromuscular reflexes that may be impor-
tant when we feel our foot touch the ground,” Shakoor said. “We
also think that pronation may be good for people with OA, and that
because so much conventional footwear has a medial arch support,
it increases knee loads. The concept of pronation as a bad thing
grew largely out of podiatry, and I don’t know if it’s actually that bad;
but I’m in the OA world, not the sports world.”

At baseline, the mobility shoes were associated with a KAM
that was significantly higher than for walking barefoot, but those 

Continued from page 19
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differences disappeared by the six-week time point; KAM values for
the patients’ own shoes were consistently higher than for the mo-
bility shoes for all time points, despite the reductions seen relative
to baseline for both conditions.

Last November, Shakoor and several colleagues presented 
another paper at the annual conference of the American College
of Rheumatology (ACR) in Boston, in which they reported an acute
KAM reduction of 6% when patients with knee OA wore flexible
shoes versus their conventional shoes. They also noted that individ-
uals whose everyday shoes were stiffest had the greatest KAM 
reductions.21

Complexities 
The evidence may seem substantial, but the naysayers mentioned
earlier have questioned the causal relationship between OA and
factors such as KAM and footwear. 

For example, in a 2013 paper, German researchers used instru-
mented knee implants to assess the effects of four different shoe
types, versus barefoot walking, on tibiofemoral contact loads.22 With
shoes, regardless of type, the researchers reported an increase of
forces in the medial compartment of roughly 3% to 5%, with one
exception, and questioned whether such small changes would in-
fluence OA progression.

Najia Shakoor reached a different conclusion, however.
“There were only six participants,” she said. “And, in fact, three to

five percent is significant because you’re measuring one moment in
time; if you think about someone with arthritis over a lifetime walking
with that extra knee load on a daily basis, it becomes substantial.”

Shakoor noted, moreover, that it’s difficult to significantly affect

Continued from page 20
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someone’s gait in the lab because they’re habituated to walking a
certain way. But, in a different shoe, over time, changes often be-
come magnified. 

“I think these studies with really small numbers of subjects,
which are just looking at one point in time, don’t tell you much,” she
said. “It’s really hard to say what such numbers mean in terms of a
lifetime for someone with OA.”

In a 2014 article, British researchers obtained lifetime data
about footwear from the Genetics of Osteoarthritis and Lifestyle
(GOAL) study and reported no correlation between women’s shoes
and lower limb OA.23

That study, too, had significant limitations, however. For one, in-
dividuals who reported persistent use of high- and narrow-heeled
shoes in early adulthood actually were less likely to have developed
knee OA than others, which strains credulity in light of other evi-
dence. The authors noted this and suggested that such individuals
may have experienced enough joint pain early in their lives to
prompt a switch to more comfortable shoes, or that those who per-
sisted in wearing high heels were less likely to have other risks for
knee OA, such as high body mass index (BMI) or a high-impact oc-
cupation. Another limitation was that the paper was based on ret-
rospective self-reported data, which—as the authors acknowledged
in the paper—is often unreliable. (The authors did not respond to
LER’s email requests for comment.)

“They even said in their study that they couldn’t apply a causal
relationship,” noted Shakoor, who added that the authors’ specula-
tion accurately described her personal history. 

“I got joint pain in my thirties, so I modified my footwear,” she
said. “Now I wear much lower heels. I can’t make sense of this [ar-
ticle] at all.”

Shoe stability
At the ACR conference last fall, researchers reported on the rela-
tionship between shoe stability and knee OA risk, which they as-
sessed using data from the Multicenter Osteoarthritis Study
(MOST).24 They concluded that there was no association between
walking shoe stability and two-year risk of worsening cartilage dam-
age in the knee.

“We were trying to understand how the stability of an individ-
ual’s shoe might impact worsening medial knee cartilage damage,”
said Howard Hillstrom, PhD, one of the study’s authors and director
of the Leon Root Motion Analysis Laboratory at the Hospital for Spe-
cial Surgery in New York. “The lack of association could be because
shoes themselves aren’t necessarily the reason people’s cartilage
gets worse. Another possibility is that these were qualitative assess-
ments—a yes/no for whether the shoe was flexible or stable in a
particular plane—and a quantitative measurement might have been
more revealing. The other factor is that everyone doesn’t wear the
same shoes, and the participants in the MOST study [mean age,
about 67 years] are probably wearing sensible shoes, not four-inch
stilettos or steel-toed work boots.”

Despite that study’s conclusions, Hillstrom acknowledged his
interest was piqued by Shakoor’s papers showing a correlation be-
tween footwear and KAM.

“That stimulated us to see if shoes could be a problem,” he
said. “Shoes affect your lower extremity biomechanics, so it doesn’t
seem unreasonable that they could change your knee adduction
moment, as Dr. Shakoor has reported.”

Continued on page 24
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Hillstrom noted that one variable for which the study couldn’t
account is similar to a limitation of the GOAL study noted above;
namely, it’s nearly impossible to reliably determine what types of
shoes the participants wore when they were younger, and how that
footwear might have affected the onset or progression of their OA
prior to their enrollment in the MOST study.

Hillstrom’s coauthor, K. Douglas Gross, MPT, DPT, ScD, an as-
sociate professor of physical therapy at the MGH Institute of Health
Professions in Boston, emphasized the difficulty of drawing conclu-
sions about the association between footwear and OA risk.

“Casey Kerrigan and others have shown that heel height is as-
sociated with measures of stress at the knee such as adduction and
flexion moments,” he said. “One would want to conclude that if the
heel puts added stress on an already diseased knee, that can’t be
good. But I don’t think we can really relate those stress measures
to OA risk.”

Gross said he doesn’t think experts yet know which character-
istics of shoes are protective or damaging to the longitudinal risk of
knee OA. 

“We were looking particularly at the risk of the development of
cartilage damage, and the worsening of cartilage damage, and we
didn’t find anything,” he said. “You could easily say that we looked
at the wrong shoe characteristics, because we only looked at how
stable the shoe was if you bent or twisted or pinched it; but at least
we can say that that measurement of stability doesn’t seem related
to OA risk.”

Gross is open-minded about the potential benefits of the flexi-
ble shoes developed by Kerrigan, Shakoor, and others, but said they

may not differ significantly from minimalist footwear already on the
market. He pointed out that the documented limitations of minimal-
ist shoes25 could well apply to these new shoes as well.

“Are we going to prescribe minimalist shoes for Grandma when
she has to go out in the New England snow?” he asked. “What if
she has diabetes? Is her podiatrist going to be happy with so little
protection? What if she’s at greater risk for metatarsal fractures?”

Gross noted that potential problems might not be limited to the
feet, for that matter; for example, reducing the adduction moment
in the medial tibiofemoral compartment could have unintended
consequences elsewhere in the knee.

“I think Howard and I can be counted among those concerned
that interventions intended to treat the medial knee might be dam-
aging other parts of the knee,” he said. “If so, you have to be very
careful who you assign them to.”

Evidence-based footwear designs
Both Hillstrom and Gross noted the work of Thomas Andriacchi,
PhD, and his colleagues at Stanford, who for several years have
been experimenting with shoes that have dual-density midsoles (see
“OA research: It’s all about the shoes,” July 2009, page 51). The
slightly softer medial side allows for mild pronation when walking,
in turn unloading the medial compartment of the knee. Despite their
skepticism of minimalist footwear generally, Hillstrom and Gross ac-
knowledged the promise of this approach.

“If it works for any given individual patient, it could be a great,
relatively low-cost and noninvasive treatment,” Hillstrom said. 

The research has been well studied and indeed seems prom-
ising. In a 2008 paper, for example, Andriacchi and his colleagues
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reported that, versus control (constant-stiffness) shoes, the variable-
stiffness shoe was associated with a lower KAM in patients with
symptoms of medial knee OA.26 In 2010, they tested the shoes in
an individual with an instrumented knee replacement and reported
that medial compartment joint contact force was 12.3% lower than
in that individual’s personal shoe, and that the change in first peak
KAM (during early stance) was significantly correlated with the
change in first peak medial contact force.27 Then, in a 2011 analysis
of the possible mechanisms underlying this effect, the team re-
ported that the medial shift in the center of pressure at the foot ap-
peared to stimulate an adaptive dynamic response during gait that
reduced the frontal-plane lever arm.28 In a 2014 follow-up to the
previous research, they studied knee cartilage changes over five
years and found that KAM had a greater influence than knee flexion
moment (KFM) on femoral cartilage change, whereas KFM more
strongly influenced tibial cartilage change.29

Andriacchi’s colleague and frequent coauthor Jennifer Hledic,
PhD, spoke to LER about their work. Hledic (who until her recent
marriage published as JC Erhart) is a research associate of ortho-
pedic surgery at Stanford.

“We’ve found that the variable stiffness shoes reduce the ad-
duction moment at all tested speeds—slow, medium, and fast—but
that they offer the greatest amount of reduction at fast speeds,”
Hledic said. 

The team hasn’t seen any deleterious effects associated with
use of the dual-stiffness shoes so far, but she noted that the stiffness
differential of 1.5-to-1 (between the denser and less dense parts of
the sole) is subtle enough that study participants didn’t notice it
when standing. The researchers have found a range of responses

to the shoe, however, similar to many interventions in human study
participants. 

“A small percentage of people have an increase in loading, so
they’re our nonresponders,” Hledic said. “The majority have reduc-
tions, but they’ve ranged from small to almost twenty-five percent.”

Hledic acknowledged that measures of KAM are surrogates for
contact forces at the knee, but pointed out that the 2010 study in
the instrumented artificial knee supported the validity of the ap-
proach. She was particularly encouraged by the results of the 2014
paper showing the relationship between KAM, KFM, and cartilage
degeneration.

“We looked at them at baseline and five years later to see how
their disease had progressed,” she said. “We segmented MRIs to
get three-D representations of the cartilage, and found that baseline
adduction and flexion moments were related to disease progres-
sion. At the femur, the knee adduction moment was the most sig-
nificant predictor, and for tibial cartilage the flexion moment was
the most significant.”

Hledic said that it’s important to pay attention to both variables,
because an intervention that reduces KAM might inadvertently in-
crease KFM, increasing overall force.

“The data from that study show that gait mechanics really can
influence disease progression,” she said.

Clarity
The situation is becoming clearer in its greater complexity, in other
words. 

Continued on page26
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In 2013, Andriacchi published an article in Arthritis & Rheuma-
tism that delved into the thorny nuances of such evaluations.30 Re-
ferring to another paper in the same issue, which drew a correlation
between valgus alignment and lateral compartment knee OA,31 An-
driacchi wrote “…that a slight valgus alignment is associated with
an increased incidence of lateral compartment disease raises ques-
tions regarding the meaning of the adduction moment in the
broader context of the other factors that influence this measure in
the analysis of knee OA.”

Andriacchi noted that people with healthy cartilage but an ele-
vated KAM often have thicker cartilage in the medial compartment
than the lateral compartment, whereas the reverse is true in those
with knee OA. The differences in the responses of healthy and
arthritic cartilage to cyclic loading suggest that load is not an initial
cause of OA but may instead be a factor influencing rate of disease
progression. That is, in people with normal cartilage that adapts well
to loading, loading may not lead to arthritis; but, in those who al-
ready have arthritis, those loads may contribute to tissue break-
down.

Andriacchi also noted that KAM doesn’t represent the actual
force on the medial compartment but rather the relative medial-to-
lateral distribution of force across the joint, and pointed out that
muscles produce most of this force. 

“As such, an increase in the adduction moment does not always
mean a higher medial compartment load or a lower lateral com-
partment load,” he wrote. “Two subjects walking with the same peak
adduction moment can have difference forces on the medial com-
partment…if there are different patterns of muscle contraction.”

Continued from page 25
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Andriacchi concluded that, although KAM is a robust marker
for medial compartment OA, a reduction in KAM alone may not re-
flect a change in the medial compartment load if other conditions
are also changed. This may explain why some interventions that
produce large reductions in knee adduction moment haven’t altered
the course of OA32 or lowered the medial compartment load.33

In the clinic
All of which raises the obvious issue of what, exactly, clinicians
should do for their patients with regard to footwear. 

“Do we tell patients to wear supportive shoes as we used to,
or do we tell them to try more minimalist shoes?” asked Shakoor.
“What overall design should they look for that is mechanically ad-
vantageous for their knees if they have arthritis? You have to figure
out, biomechanically, how it fits the whole person—what they need
for their feet relative to what they need for their knees. If I have a
diabetic patient with neuropathy, I probably won’t tell them to buy a
minimalist shoe. You have to balance the comorbid conditions your
patients have.”

Both Kerrigan and Shakoor have developed commercial shoes
that embody the principles they’ve gleaned from their research. Ker-
rigan’s is flat and flexible; Shakoor’s includes sole cuts for extra flex
so the foot can bend easily as it rolls forward. The Stanford team
has also commercialized its variable-stiffness shoe. 

But, as Shakoor noted, patient management is about more than
shoes.

“It’s a good question,” said Doug Gross. “You’re a little bit on
your own. I’m insistent about examining the foot before I assign any
intervention, which puts my own clinical approach in contrast with
the way most trials are conducted.”

Patients have to be treated as individuals, he added.
“Isn’t it reasonable to expect that somebody who has a strong

tendency to hyperpronate might respond differently to a minimalist
shoe than somebody with a rigid, supinated foot?” Gross asked.
“There’s a lot of variability in the way people with medial knee OA
respond, even in their adduction moment. Some of them may have
patellofemoral involvement in addition to that of their medial
tibiofemoral joint. Clinicians should look at the feet before they put
anything on them, and they should look at the knee before they de-
cide on an intervention that may be exclusively beneficial for one
part of the knee but potentially damaging to other parts.”

Contrary to his recently reported research findings, however,
Gross remains interested in the potential for shoes to affect disease
progression.

“My secret agenda is that I think shoes matter,” he said. “I think
the amount of stability and cushioning they provide, and probably
heel height, all contribute to the stresses and potential for damage
to the knee. As a clinician, I’ve heard over and over from patients,
unprompted, ‘I can’t wear these shoes anymore, they hurt my knee.’
So it stands to reason there is a relationship.” 

Cary Groner is a freelance writer in the San Francisco Bay Area.
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cerned with clinical effectiveness than their bottom line. But the as-
sessment could as easily be applied to other aspects of technology
being used by entrepreneurs to battle clinicians for a share of those
markets.

“There isn’t a part of our industry that isn’t being affected by
technology right now,” said Graham Archer, CPed(C), vice president
of pedorthic services at Kintec Footlabs and president of Kiwi Soft-
ware Solutions, both in Vancouver, in an OTF presentation.

The challenge for clinicians, and for other players in the footwear
and orthotics markets for whom quality is a priority, will be to prove
that new technologies aren’t just for newcomers. OTF presenters de-
tailed multiple ways in which new tools and processes can help even
established labs and clinics become more efficient, more accurate,
and more profitable. 

“The key is how to get around the paradigm shift to take advan-
tage of things like new materials and new design opportunities,”
Lawrie said. 

3D printing
It’s tempting to dismiss 3D printing, also known as additive manu-
facturing, as the province of start-up companies looking to make
a quick buck off drugstore-grade insoles or creative types design-
ing futuristic-looking shoes that nobody in the real world would
ever wear. But 3D printing is also being employed by a number of
companies in ways that could potentially have much more practical
and even clinical applications.
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The future of footwear and 
orthoses is here. Now what?

By Jordana Bieze Foster 

A shift in tone was apparent at this year’s Ortho Technology Forum
(OTF), and not just because the focus of the event has been ex-
panded to include design and manufacturing technologies for
footwear as well as foot orthoses. Speakers and attendees are no
longer just speculating about how technology will change the
footwear and foot orthosis industries—because those changes are
already occurring in mainstream, high-profile ways.

The questions now focus on how foot care specialists’ role will
change in an industry in which start-up companies often champion
technical bells and whistles at the expense of accuracy and clinical
relevance, and how clinicians themselves can use technology to their
advantage to stay competitive.

“The war has started,” said Chris Lawrie, Healthcare Business
Development Manager for Birmingham, UK-based Delcam Health-
care Solutions, which organized the April event held in Vancouver,
Canada. 

Lawrie was speaking specifically about how the growing acces-
sibility of 3D printing technology has created a market for entrepre-
neurial footwear and orthoses manufacturers who are less con -

The key difference between 3D laser scanning (left) and photogrammetry (right) is accuracy, experts say. 
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The argument for library-based orthotic prescription

Much of the discussion at the 2015 Ortho Technology
Forum (OTF) focused on various ways in which the fu-
ture of the orthotic industry will require adapting to
new technologies. But the event’s final presenter chal-
lenged OTF attendees to consider the possibility that
the future of the industry will also require reinventing
the entire process of orthotic prescription.

Scott Marshall, co-owner of KLM Laboratories in
Valencia, CA, noted that industry professionals who
have been making custom foot orthoses have likely
noticed, as he has, that a majority of the devices fall
into recognizable and predictable shape categories.
This phenomenon makes the industry particularly
well-suited, he said, for a scientific library system in

which most devices are made from premanufac-
tured shells or positives or pre-engineered digital
shape files.

“What if certain shapes are used over and over
again? This is what optometrists do; that’s why you
can get glasses in about an hour,” Marshall said. 

What makes the proposed library system scien-
tific is that the shape categories would be defined
by specific measurements calculated from years of
data on devices that were created using more tradi-
tional means of orthotic design and manufacturing. 

Chattanooga, TN-based Feetz is currently in the beta-testing
phase of its personalized shoe business, which aims to 3D-print in-
dividual pairs of shoes based on either an in-store scan or on cus-
tomers’ digital photos of their feet taken with the company’s app.

“One in three consumers are seeking personalization in their
shoe purchases, and one in five Americans have foot issues that af-
fect their shoe purchases,” Feetz CTO Nigel P. Beard said in an OTF
presentation, while modeling a bright green prototype pair of Feetz
shoes. “Our motto is: ‘You’ll never try on another pair of shoes again.’”

With few footwear-specific materials available that are compati-
ble with 3D printing, the company ended up developing its own ma-
terials, ranging from ceramics to antimicrobials to scented polymers,
Beard said.

Future directions, he said, include scanning shoe wear patterns
and using 3D printing to build up material in the new pair to offset
the expected wear, shoes that provide gradual orthotic
correction along the lines of Invisalign orthodontic
correction, and 3D-printing electronic circuits
into footwear to provide feedback on
how the shoe is affecting gait. 

“I’m hoping we can
not only change the
face of regular
footwear but also
give you [OTF at-
tendees] some differ-
ent things to offer your patients,” Beard said. 

Delcam has partnered with Eden Prairie, MN-based 3D printing
company Stratasys to develop hybrid shoes with 3D-printed soles
and heels and a leather upper, created using Delcam’s footwear de-
sign software. Prototype shoes made using this process were exhib-
ited at SIMAC, an international exhibition of machines and
technologies for the footwear and leathergoods industries, held in
February in Milan, Italy. A similar process can also be used to create
a conventional shoe with a 3D-printed insole, Lawrie said.

This type of evolution in footwear design and manufacturing may
ultimately lead to a “lastless shoe,” he said. 

“If we can create a digital last and three-D print the whole shoe,
we’ll never need an actual last. That’s where the real savings are
going to come from,” Lawrie said.

Other OTF presenters encouraged attendees to think about
the possibilities of integrating 3D printing with other technologies
to improve the manufacturing process. Robotics, for example, can

improve efficiency and free up staff members to per-
form more complex tasks, and has the potential to
help take 3D printing to the next level, according
to Tom Bentley, owner of Waukesha, WI-based
Robotic Solutions.

Potential uses for robotic automation in or-
thotic manufacturing include milling, gluing, as-
sembly, sanding, packaging, and shipping,
Bentley said. 

“When you add robots to the equation for
a milling function, even if it’s just to do that
one function, you may be more cost effec-
tive. But what you want to do is look beyond
the milling function at the four or five steps
surrounding it. That’s how the robot really
makes a difference,” he said.

Combining robotic technology and 3D
printing is a logical next step, Bentley said.

“You could have a robot working with a
3D printer—loading it, for example,” he said.

“That’s not a future thing. That’s something you
can do now.”

Scanning
Just as entrepreneurial companies are jumping on the 3D printing
bandwagon, they are also helping to popularize smartphone- and
tablet-based scanning technologies for the design of what’s often
billed as “custom” footwear and orthotic devices. 

Clinicians and orthotic lab managers have years of experience
sifting through the range of foot scanning devices on the market and
determining the extent to which resolution, accuracy, and the ability
to scan the entire foot justify the additional expense of high-end scan-

Feetz prototype
custom shoes

What a scientific orthotic library might look like.
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KLM’s ongoing analysis of its database of 367,755 plaster
casts and digital foot scans has revealed four key measurements
that dictate device shape: 

1. Length from the bisection of the first metatarsal head to
the most proximal aspect of the heel;

2. Apex of medial arch height along the bisection of the first
metatarsal shaft when the cast is placed in the balanced or pre-
scribed position; 

3. Apex of lateral arch height when the cast is placed in the
balanced or prescribed position; and

4. Heel width across the middle of the heel, at the widest part.
After identifying the range for each measurement that ac-

counted for the majority of devices in the database, Marshall and
colleagues estimate that a library system of 4680 reproducible

foot shapes would accommodate most patients’ needs. The library

models could also easily be adjusted, mathematically and objec-

tively, by increasing or decreasing one of the four key measure-

ments.

This type of system could allow most patients to get high-qual-

ity orthotic devices at a single visit, and at a lower cost than with

current processes, Marshall said. It could also provide a scientific

means of tracking and studying the performance of different or-

thotic configurations on the same patient or on patients with par-

ticular deformities.

“The time has come to revisit how we prescribe orthotic de-

vices, and to redefine what a custom orthotic is,” Marshall said.  

–Jordana Bieze Foster

ners. But now they’re faced with the prospect of competing with busi-
nesses that in some cases are creating footwear devices from 2D
“scans” taken by the consumers themselves. 

“As footcare professionals, we look at this and wonder how
they’re going to make a true orthotic using this methodology. But this
is out there, and these companies are going straight to the consumer
and claiming they’re providing custom orthotics,” Archer said. “We
need to be on top of this as an industry, and be able to answer ques-
tions from our patients and from insurance companies.”

The most critical issue, OTF presenters agreed, is accuracy. 
“Don’t underestimate the role accuracy plays in what you’re

doing when it comes to scanning technology,” Lawrie said.
Some of the technologies in which a mobile scanning device is

moved around the foot, such as those utilizing the 3D Occipital Struc-
ture Sensor, approach the accuracy of more conventional laser scan-
ners that require placing the foot against a flat scanner surface. But
photogrammetry-based mobile scanning systems, in which a soft-
ware algorithm translates 2D photographs of the foot into a 3D
image, are unlikely to produce an accurate representation of foot
structure, Archer said. 

“There’s error throughout the entire process,” he said. 
And at least one of the new foot-focused start-ups has made

scanning accuracy a priority. At the Westfield North County Mall in

Some technologies in which a tablet-based scanning device is moved around the
foot, such as those utilizing the 3D Occipital Structure Sensor (sample image at
right), approach the accuracy of more conventional laser scanners.

Escondido, CA, customers can visit the Yooshu retail kiosk to have
custom flip-flops made while they do the rest of their shopping. Each
pair is designed based on a 3D laser scan (Littleton, CO-based
Yooshu has been partnering with Delcam for the last year) and milled
by a robot, CEO Scott Goldie said in an OTF presentation. 

The result is a flip-flop with a customized sole, which can be fur-
ther personalized with artwork. The products sell for $29 to $41 per
pair, depending on materials; artwork is another $5. At the time of
the OTF event, the first Yooshu location had been open for business
for three weeks, and was already seeing repeat customers and re-
ferrals, Goldie said.

The company invested in laser scanning technology specifically
to get an accurate scan of each patient’s toes, he said, but there are
plans to also use the scan data to position dorsal straps and to save
customer scans to facilitate easy ordering of duplicate pairs.

“The scanner has more capability than we’re using right now,”
Goldie said. “The robot is expensive, but it’s getting cheaper and
cheaper. Our real investment has been in software and training.”

Another future direction includes offering a more sophisticated
product for customers who wear foot orthoses.

“Of the customers who decline to purchase after the pitch, fifteen
to twenty-five percent are looking for orthotic features we don’t offer
yet,” Goldie said. “We’re not interested in going ‘full medical,’ but it’s
not far for us to go from our flip-flop to a truly orthotic flip-flop.”  





Adapted tango: bringing
artistry to rehabilitation 

Adapted tango, a version of traditional 
Argentine tango modified to address
motor impairments, has been shown to
improve balance, mobility, and cognition in
older adults and patients with Parkinson
disease, with better compliance than con-
ventional rehabilitation.

By Madeleine E. Hackney, PhD

Individuals with Parkinson disease (PD) experience reduced mobility
from postural instability, bradykinesia (extreme slowness of move-
ment), rigidity, turning difficulty, and freezing. These problems fre-
quently lead to falls and withdrawal from society.1,2 A 2004 study
showed that 70% of patients fell within a one-year period, and 50%
of them fell again the following year.2 In addition, individuals with
PD are 3.2 times more likely to sustain a hip fracture than people
of similar age without PD.3 Older adults without PD also experience
similar problems with walking, balance, and mobility. As pharmaco-
logical and surgical methods remain only partially effective in treat-
ing symptoms of PD, and fall risk and related injury are prevalent
among older adults in this population, additional, nonpharmacol -
ogical approaches that address balance and gait impairments are
necessary.4

Exercise for older adults with and without PD is crucial for main-
taining their health and independence. Habitual participation in
physical activity, even when begun late in life, can improve postural
and motor control in older individuals. Activities that engage older
individuals and sustain interest are especially needed, as approxi-
mately 60% of Americans older than 65 years do not achieve the
recommended daily amount of physical activity.5 Activity levels in
individuals with PD are reduced even further, being roughly 15%
lower than that of the same age group without PD.6

Dance
Rehabilitative programs for postural instability, particularly in indi-
viduals with PD, are effective if they incorporate dynamic balance
practice and continual adjustment to environmental demands.7

These elements of motor challenge are provided by dance, which
appears to be appropriate as a therapy because of its physical and
emotional benefits.8 The social aspects of dance in a group setting
may motivate older adults to pursue healthy exercise-related be-
haviors.9 Habitual participation in social dancing over several years
is associated with superior balance, postural stability, gait function,
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Adapted tango has the same spirit
and structure as traditional Argentine
tango, with aspects thought to be
beneficial for patients with PD. 
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and leg reaction times in older dancers compared with age-
matched nondancers.10,11 Greater improvements in balance and
complex gait tasks were also noted in older adults who participated
in an Argentine tango group than in those who participated in a
walking group.12 Some evidence suggests dance may improve qual-
ity of life (QOL) in older adults with multiple comorbidities.13,14

Adapted Argentine tango as therapy 
In 2006, I adapted an Argentine tango dance program for people
with PD, called adapted tango. Adapted tango is similar to traditional
Argentine tango dancing, but the frame (positioning of partners rel-
ative to each other), some steps, and some positions have been
modified to address the motor impairments and limitations of some
people with PD and older adults. However, adapted tango has the
same spirit and the general structure of traditional Argentine tango,
which has steps, patterns, music, and partnered aspects thought to
be beneficial for specific PD impairments.

Postural instability. In dancing tango, a dancer stands in single-
leg support while a partner provides light balance assistance, often
for periods that exceed those of normal gait cycles. Because
dancers coordinate their timing to music and to choreographic pat-
terns, they use postural control to anticipate center of mass pertur-
bations and to perform requisite weight shifting during succeeding
steps. Consistently attending to balance may increase general
awareness of postural control and personal mobility.

Bradykinesia. Individuals with PD tend to move slowly in a phe-
nomenon called bradykinesia, which translates from the Greek to
“poverty of movement.” Coordinating steps with the musical beat
may help increase the pace of movement, as auditory cues can en-
hance walking speed and step rate.15 Tango practice involves a
tempo dictated by an external source as well as the need to main-
tain rhythm with one’s partner. The tango partner, the music, or the
intrinsic rhythm of particular steps, as well as the wide range of
tango movement speeds, may encourage dancers to push the
boundaries of their perceived speed limitations.

Stride length. Because tango technique employs steps that
range from short to long, dancing tango may be ideal for practicing
spontaneous adjustments of stride length. In stepping backward,
dancers are taught to extend the foot and toe back farther than a
normal stride. Rhythmic somatosensory cues, richly provided
through the upper limb contact maintained between partners in the
frame, may help to regulate and increase stride length.16

Backward locomotion. The limits of stability of individuals with
PD are reduced in the backward direction, which can lead to falls.17

In tango, dancers frequently walk backward in a way that allows
them to dance comfortably with one another, maintain balance, and
adjust quickly to multidirectional perturbations. Given that partners
maintain physical connection through the arms and hands (the
frame), providing light contact that can enhance balance, backward
walking can be performed safely when individuals with PD are in-
structed properly.

Turning. Individuals with PD use more steps to turn and use
less axial rotation during turns than individuals without PD and can
experience freezing of gait while turning.8 Some classic Argentine
tango turns involve pivoting over a single foot to varying degrees of
rotation, which is extremely challenging for some individuals with
PD. However, in adapted tango, modified turns are completed with
several extra steps, and with little twisting of the hips or ankles. Part-
ners turn in spatiotemporal coordination, following each other’s ex-
ternal cues and the mechanistic breakdown of turning patterns and
footwork provided by the instructor. 

Multitasking. Dual tasking is impaired with aging and further
impaired in individuals with PD.19 Tango has been shown to improve
dual task abilities in frail older individuals.12 Adapted tango requires
participants to multitask by attending to posture, balance, foot place-
ment, and the upcoming move. Dancers also attend to and control
the amount of body weight directed toward their partners through
the tactile connection of the frame. Also, dancers contend with
other couples within the space of the dance floor and concentrate

Continued from page 33
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Table 1: Changes Pre to Post across PD Studies and Exit Questionnaire Responses at Post-testing (Means ± SDs)
Tango Waltz Tango Exercise‡ Nonpartnered Control§
(10/hr over 20 wks)* Foxtrot§ intensive dance^

(15/hr over 2 wks)†
N 38 17 12 10 16 17

Berg Scale 3.9 ± 3.9 3.9 ± 1.7 2.8 ± 2.8 1.7±5. 3.3 ± 2.9 -1.3 ± 3.

p = .01 p < .001 p = .021 p = .020 p < .001 p > .05

Timed Up & Go (s) -1.14 ± 2.6 -.11 ± 3.7 -2 ± 6.6 .11 ± 2.1 -.10 ± 1.5 2 ± 5.9

p > .05 p > .05 p = .220 p > .05 p > .05 p > .05

6-min walk test  (m) 34.9 ± 53 49 ± 59 35.9 ± 106 N 29.6 ± 54 7.6 ± 46

p = .024 p < .001 p = .170 p = .024 p > .05

Forward velocity (m/s) .1 ± .2 .02 ± .1 .05 ± .2 .03 ± .1 .1 ± .2 -.02 ± .1

p > .05 p > .05 p = .520 p > .05 p = .002 p > .05

Exit questionnaire**
Enjoyment** 1.2 ± .6 1.2 ± .4 1.2 ± .6 1 ± 0 1.8 ± 1.2 NA

Continue ** 1.6 ± .8 1.9 ± .9 1.7 ± .9 1.9 ± 1.4 2.2 ± 1.3 NA

* Mean change compiled from the three interventions that examined 20-hour partnered tango classes.29,30,37 

§ Examined vs tango30

† Examined in Hackney & Earhart 2009 36

‡ Examined vs tango29 

^ Examined vs partnered tango37

**Post-testing only. Values are averaged responses from items rated with a 5-point Likert scale; 1= strong agreement with the statement, 5 = strong disagreement.
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in enclosed tight spaces within a safe and structured environment.
The use of visual cues, such as a foot to step over, is known to help
relieve freezing of gait.20 Tango requires practiced and careful at-
tention to movement initiation; therefore, dancers may develop
strategies to use cues such as the partner’s weight shifting and in-
dicated direction of movement or the music’s beat in order to facil-
itate movement. 

Internally guiding movement. In Argentine tango dancing, par-
ticipants take on one of two roles, which could be thought of as dis-
tinct motor training approaches: leading (internally guiding
movement plans) or following (responding to external guidance).
Qualities of effective rehabilitative programs are found in both in-
ternally guided and externally guided training within the context of
adapted tango. Specifically, for individuals with PD, having complex
movements broken down into simpler elements by the teacher,
something that is done in any dance pedagogy, may facilitate motor
performance.21 Synchronizing movement to rhythm, which is inher-
ent to dance, may enhance movement speed.15 Dancing with a part-
ner may enhance balance, as even light-touch contact can augment
postural control.22

Leading, which uses internally guided cognitive and motor
skills, is thought to involve increased focus on movement plans and
mentally rehearsing or preparing for movement. Leaders must de-
termine the precise spatiotemporal movement parameters of a
dance sequence. As such, leading may pose a challenge for indi-
viduals with PD, given that many have deficient executive control
specifically related to cognitive processes involved in planning and
executing complex goal-directed behavior.23 However, movement
strategies involving strong cognitive involvement and planning are

Continued from page 34
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on trajectories being followed by those couples. Finally, dancers lis-

ten to, interpret, and respond to musical rhythms and phrasing while

considering aesthetics: body postures, lines, and shapes of move-

ment.

Freezing of gait. Walking in small and narrow spaces can often

trigger freezing of gait. One dances tango in very close proximity to

a partner and frequently among many other couples on the dance

floor. Navigation through these couples occurs while traveling

around the dance floor and performing intricate steps in place.

Therefore, dancing tango offers the opportunity to practice moving

Benefits of partner-based dancing



associated with mobility improvements in individuals with PD.21 Fo-
cusing on critical movement aspects (eg, longer steps, quicker
movements) helps individuals with PD achieve nearly normal speed
and amplitude.18

Abundant evidence demonstrates benefits of rehabilitative ex-
ercise that exploits external cueing and specifically targets neural
systems that support balance.24,25 External cueing has improved
movement initiation.20,26 People with PD have faster reaction times
when externally cued compared with self-initiated movement.27 Im-
portantly, during externally guided partnered movement, the fol-
lower receives movement guidance from the leader through tactile
and, to a lesser extent, visual cues. Because followers are not de-
voting attentional resources to planning movement, potentially they
attend more to postural control. When following (externally guided
training) in adapted tango, participants focus on external cues,
which may access cerebellar-thalamo-cortical circuitry and bypass
the basal ganglia,28 and therefore benefit movement facilitation in
those with PD.

Findings to date
In several studies conducted between 2006 and 2010, we demon-
strated that individuals with idiopathic PD who participated in 20
adapted tango dance classes (60 minutes each) improved on meas-
ures of functional mobility, balance, gait, and quality of life.29-31

Socialization is important, but our 2013 adapted tango study in-
vestigating the efficacy of 20 90-minute classes demonstrated that
getting up and moving are very important for motor gains.32 Even
a high-dosage intensive tango program of 15 hours within two

weeks was feasible, and had low attrition for individuals with mild
to moderate PD.33

While the early research described above typically showed im-
provements in mobility, more recent efforts have evaluated the ef-
fects of adapted tango on cognition in individuals with PD.
Thirty-three individuals with mild to moderate PD (stage I-III) were
assigned to 20 lessons, each 90 minutes, focused on tango (n =
24) or education (n = 9). Disease severity, spatial cognition, balance,
and fall incidence were evaluated before and immediately after in-
tervention and 10 to 12 weeks postintervention. Tango participants
had significantly more improvement in disease severity (p = .008)
and spatial cognition (p = .021) than the education participants.
Tango participants also significantly improved in balance (p = .038)
and executive function (p = .012). Gains were maintained 10 to 12
weeks postintervention.32

Older adults with visual impairment have also benefitted from
the same adapted tango program provided for individuals with PD.
Thirty-two individuals with visual impairment (aged 79.3 ± 11 years,
range 51-95 years) were assigned to 20 adapted tango or balance
and mobility lessons, each 90 minutes, within 12 weeks. Participants
underwent assessment of balance, dual-tasking, endurance, gait,
and vision-related QOL. The balance reactions of participants in
both groups significantly improved (p < .001). Endurance, cognitive
dual-tasking, and vision-related QOL improved more for the tango
group than the balance and mobility group. Group differences and
gains were maintained one month after the program’s end.34

Importantly, we have also begun dissemination and implemen-
tation of adapted tango in the community for older adults. We taught
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Broader clinical implications
Changes noted on both clinical and laboratory measures in the ear-
lier studies characterizing the motor effects of adapted tango may
have functional significance and impact the daily lives of individuals
with PD (Table 1). Specifically, changes were noted in the Unified
Parkinson’s Disease Rating Scale-III,29,30,36 the Berg Balance Scale
(BBS),29,30,31,36 six-minute walk test,30,31,36 and gait variables (velocity,
stride length, cadence, swing percent).30,31 For example, a .1 m/s
increase in velocity is considered a substantial meaningful change,
with clinical relevance, in older adults with mild to moderate mobility

deficits.37 The minimal detectable change on the BBS in parkinson-
ism, 2.84 points,38 was exceeded.29,30,31,36 Improved endurance from
dance training may have been reflected in increased walking dis-
tance in the six-minute walk test.30,31,36 Salient improvements were
noted in comfortable, backward, and fast walking.30,31,36

Conclusion
In impaired older adults, 60% to 85% adherence to physical activity
is considered high.39 With an 85% compliance rate, partnered
dance’s feasibility has been demonstrated, along with benefits re-
lated to functional mobility and QOL in persons with PD, with initial
evidence of efficacy within the general older population, as well.
Maintenance of gains was also demonstrated, and participants re-
ported favorable impressions and interest in continuing.31,32

Possibly, learning both leader and follower roles, and switching
these roles several times during a dance session, may enhance mo-
bility and the ability to accomplish daily activities. Motor skills
needed to complete activities of daily living often require adaptabil-
ity to ever-changing and unpredictable environments. While the
practice and rehearsal of known or comfortable steps may reinforce
“healthy” movement patterns, it may not encourage adaptability. 
By continually exercising mental and motor capacities through an
ever-expanding motor repertoire and by switching roles repeatedly,
older adults with PD may be better prepared to shift quickly to an
appropriate motor skill in response to sudden changes in their 
environment. 

In adapted tango classes, instructors have encouraged the hon-
ing of partnership skills by maintaining connection through the 

Continued from page 37
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The research described in this article
demonstrates dance’s ability to penetrate
one of the most challenging human
conditions: the gradual degeneration of
the ability to move.

a manualized program of adapted tango to nine dance instructor
trainees, who then implemented the program in the community at
six senior living communities for 62 older adults and 25 adults with
PD. The efficacy of the program was demonstrated with mobility,
gait, and balance measures. Safety and fidelity of the instructors to
the program was also monitored and verified.35



embrace while changing weight fully, walking backward, maintaining
posture, and alignment. Participants are given ample time to prac-
tice steps and develop some confidence in their ability to perform
these steps; however, some individuals with PD have expressed a
preference for learning fewer steps but repeatedly practicing them.
Switching the leading and following roles is also viewed as challeng-
ing. Learning new movements can be difficult and frustrating, and
aging and disease increase the challenges. However, the acts of
learning, practicing, and exploring new movement in a partnership
should be emphasized over the perfection of any one step. 

Balance and mobility disorders resulting in falls among older
adults with and without PD pose a serious public health problem in
the US. There are unprecedented numbers of people aged 85 years
and older in the US who want to maintain independence throughout
their lifetimes. Therefore, there is an immediate need for activity pro-
grams specifically designed to reduce physical frailty and the rising
incidence of falls among the older adult population, as well as those
with PD. For these programs to be most effective, continued re-
search to determine mechanisms of improvement and to optimize
training programs must be conducted. 

Currently, there is insufficient information about how humans
communicate the complex, sophisticated motor intentions of part-
nered dance by tactile means. How do partnered dancers interpret
subtle changes in pressure at points of contact in order to deter-
mine (or influence) direction, magnitude, and timing? Knowledge
about neural changes that may occur after repeated and targeted
training with leading and following tasks will allow the development
of better rehabilitation training strategies for those with PD.

Argentine tango is a partnered dance with worldwide presence.
People dance tango all over the world, and many have become fa-
natical about it. Research on adapted tango has also appealed to
individuals the world over, and studies about its effectiveness are
taking place in a number of locations, including Australia, the UK,
Argentina, the US, and Canada. Given the involvement of interna-
tional researchers in the debilitating illness of PD, the melding of
neurological rehabilitation with further study of dance and its pow-
erful mechanisms will lead to the development of cross-cutting,
novel ideas that transcend international and specialty-specific
boundaries. 

This work has underscored the power of dance to heal and to
form connections between individuals of diverse backgrounds and
needs. Dance has always had a multifaceted role in society. The re-
search described here demonstrates dance’s ability to penetrate one
of the most challenging human conditions: the gradual degeneration
of the ability to move. Through dance, all of us—even those who are
the most challenged—may be able to learn to move again. 

Madeleine E. Hackney, PhD, formerly a professional dancer, is a re-

search health scientist at the Atlanta VA Center for Visual and Neu-

rocognitive Rehabilitation and an assistant professor of medicine at

Emory University School of Medicine in Atlanta.  
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Total ankle arthroplasty:
Defining its clinical niche

Research generally upholds total ankle
arthroplasty as a viable alternative to the
traditional first-line surgical treatment,
ankle arthrodesis, for correctly selected pa-
tients with end-stage ankle arthritis. But
complication rates associated with ankle
arthroplasty remain an area of concern.

By Hank Black

The up-and-down utilization of total ankle arthroplasty (TAA) since the
early 1970s is typical of many technological advances in medicine:
excitement, disappointment, repeat. Now, enthusiasm is again high
and recent research suggests that improvements in materials, design,
and surgical technique will allow total ankle replacement to find its
proper position in the treatment of painful end-stage ankle arthritis,
which affects 1% of the adult population.1

“Replacement surgery gets a lot of attention from patients with
this diagnosis and does have a role in perhaps one-third of cases,”
said Canadian foot and ankle surgeon Alastair S. E. Younger, MD, who
is affiliated with BC Foot & Ankle Specialists in Vancouver, British Co-
lumbia. “Yet the surgery is difficult to learn and we’ll need another four
to five years to get a meaningful series of patients to compare sur-
vivorship of implant designs.” 

In many cases, major complication rates of TAA exceed that of
the traditional first-line treatment, ankle fusion (AF), but researchers
say this is somewhat offset by the improved function associated with
TAA and the potential development (or prior existence) of arthritic
pathology in adjacent joints following fusion that could require addi-
tional fusions.  

Other recent research generally upholds TAA as a viable alterna-
tive to conservative medical treatment and arthrodesis for correctly
selected patients, including findings on perioperative complications,
reoperation rates, gait, function, cost utility, diabetic or elderly patients,
as well as patient expectations, satisfaction, and education. 

In fact, Barg et al aver that, with current advanced materials and
designs, there is no gold standard treatment; both TAA and ankle
arthrodesis are important options in the hands of experienced sur-
geons who use careful planning and patient selection.2

The ideal indication for TAA is advanced, complete osteoarthritis
of the ankle in patients with good bone quality, neutral alignment, good
stability, and preserved mobility of the ankle.3 Generally accepted cri-
teria include primary, post-traumatic, or inflammatory ankle arthritis
and relatively low activity demands.4 
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As longer-term durability and efficacy 
of total ankle arthroplasty emerge, the
prospect of providing this surgery to
younger patients becomes more attractive.



Design and materials
Results of two-component, cemented, first-generation total ankle
replacements starting in the early 1970s were disappointing, with
a very high rate of failure primarily due to poor design, instability,
and aseptic loosening. Published failure rates were as high as 60%
to 90% after five and 10 years, respectively.5,6

Replacement systems that emerged in the mid-1980s included
semiconstrained cementless designs, either mobile or fixed bearing.
In the late 1990s, systems were introduced with a mobile bearing
polyethylene meniscus between the tibial and talar components. 

Whereas newer ankle replacements rely heavily on ultra-high
molecular weight polyethylene, interest is turning to a highly cross-
linked polyethylene already employed in hip and knee replace-
ments. University of Chicago orthopedic surgery resident Oliver N.
Schipper, MD, said, “This material has made a significant difference
in longevity of hip implants. We think it most likely will show de-
creased risk of osteolysis secondary to polyethylene particles, but
more research on its wear properties is needed.” 

Now the field awaits large, well-conducted, controlled, long-
term prospective studies of designs, including comparisons of two-
and three-component implants.2,7 

Reoperations, complications  
Regardless of design, the unique kinematic and anatomic charac-
teristics of the hindfoot and ankle make arthroplasty a challenging
procedure that requires a long surgical learning curve.8 Studies have
found that surgeon experience reduces the revision rate,9 and some
leaders believe the overall number of specialized centers for the
procedure should be limited.10

Studies of complications and rates of repeat surgery at the origi-
nal site of arthroplasty or fusion have been needed, partly because
surgeons and health care systems use different terminology to define
such complications. Younger reported on this issue at the recent
American Academy of Orthopaedic Surgeons (AAOS) annual meeting
in March in Las Vegas on behalf of a Canadian Orthopaedic Foot and
Ankle Society (COFAS) multicenter research team that has accumu-
lated more than 600 patients in its Prospective Ankle Reconstruction
Database on surgical management of end-stage ankle arthritis. 

The team developed a simple classification system for such
ankle reoperation (Table 1).11 They compared reoperations after TAA
or AF and determined the rate was higher for TAA, with most prob-
lems relating to design issues. No reoperation was performed in
75% (86% for AF; 70% for TAA) of procedures. 

As for perioperative complication rates, Schipper reported at
the AAOS meeting in March that an analysis of the large National
Inpatient Sample (NIS) database showed that TAA was associated
with slightly but significantly lower risks of blood transfusion, non-
home discharge, and overall complications compared with AF.12 AF
transfusion risk was not high, and the great majority of patients were
not transfused. 

“We hypothesize the data are due to surgeons who do not per-
form ankle fusion frequently and may excessively burr bone in at-
tempting to increase the rate of fusion,” he said. 

Risk factors
Diabetes as a risk factor for perioperative complications in TAA and
AF was explored in an AAOS presentation by Jimmy J. Jiang, MD,
an orthopedic surgeon at the University of Chicago and part of the
research team plumbing the NIS database. The researchers found
that, for both operations, patients with diabetes have higher com-
plication rates, longer hospital stays, and more frequent nonhome
discharge.13 Wukich et al reported the presence of complicated di-
abetes was a significant predictor of operative-site infection after
foot and ankle surgery.14

“Diabetic patients’ potential lack of tissue perfusion in the lower
extremity is a concern that begs for careful preoperative screening
for abnormal blood glucose levels. If a patient is in good blood glu-
cose control and otherwise healthy, experienced surgeons would
consider performing a replacement procedure,” Jiang said.

Obesity, as might be expected, also is an independent risk fac-
tor for postoperative complications after both TAA and AF. Werner
et al, using the PearlDiver database of more than one billion patient
records, concluded that the increased rates of medical comorbidi-
ties, intraoperative factors, and larger soft tissue envelopes were
the likely causes of the complications, which included major, minor,
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Type Code Procedure Reoperation
Nil 1 TAA or AF No reoperation at or around the ankle

Reoperation 2 TAA or AF Isolated hardware removal around the ankle

around primary 3 TAA or AF Repeat operations outside the ankle replacement or ankle fusion, such as osteotomy, 

surgical site fusion, or ligament repair, that are related to the fusion or replacement

Reoperation 4 TAA only Ankle gutter or heterotopic ossification debridement without metal component

within primary exchange with or without intact polyethylene exchange

surgical site 5 TAA only Exchange of polyethylene liner due to liner failure

6 TAA only Debridement of an osteolytic cyst without exchange of metal components with or

without intact polyethylene exchange

7 TAA or AF Deep infection or wound complication requiring surgical debridement (no exchange 

of metal components in TAA) with or without intact polyethylene exchange

8 AF only Revision due to malpositioning or nonunion (no infection)

9 TAA only Implant failure leading to revision of metal components for aseptic loosening, 

component fracture, or from malpositioning (no infection)

10 TAA only Revision of metal component(s) secondary to infection

Amputation 11 TAA or AF Amputation above the level of the ankle. 

Table 1. Classification system for reoperation in patients with end-stage ankle arthritis11
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local, systemic, venous thromboembolic, infectious, and medical complications. The incidence of re-
vision TAA was also significantly higher in obese (4.9%) than nonobese patients (3.1%).15

Patients with rheumatoid arthritis also can benefit from TAA and have similar outcomes to patients
with noninflammatory arthritis, according to a study by Pedersen et al.16 Preoperatively, rheumatoid
arthritis patients had overall worse pain and disability than the comparison group, but this did not af-
fect their final outcomes, researchers concluded.

Surrounding joint pathology
Today, TAA accounts for more than one-third of surgeries for end-stage ankle arthritis.15 Enthusiasm
in TAA is due, say many surgeons, not only to the emergence of new generations of implant design
and patient demand,19 but also concern that ankle arthrodesis leads to increased stress on nearby
joints and eventually to adjacent- or surrounding-joint arthritis that requires additional fusions.17,18 The
rate of additional fusion is about 11% within five years of the primary fusion.19

“The rate is not as high as historically quoted,” Younger said. “Is the preoperative subtalar arthritis
not diagnosed, or did it develop in response to the postfusion stress transferred to surrounding joints?
It’s just as likely to have been there all along, but our awareness of the problem has increased as CT
and MR imaging has improved.” 

Some recent studies have delved into the importance in TAA of attaining proper alignment of
both the prosthesis and the arthritic ankle’s soft and bony tissues. In a retrospective cohort study of
89 consecutive ankle replace ments,20 a group led by C. Thomas Haytmanek Jr, MD,  found that, even
when preoperative ankle deformity exceeded 10°, a statistically significant correction in the coronal
alignment of the arthritic ankle was possible immediately after surgery and maintained at a mean 
follow-up of eight years. 

“We noted a slight increase in revision rate in patients with a more than ten degrees of preoper-
ative coronal plane deformity as measured on weight-bearing mortise views of the ankle,” said Hayt-
manek, an orthopedic surgeon associated with the Coughlin Clinic at St. Alphonsus Medical Group
in Boise, ID. “This was not significant enough to discourage use of the prosthesis in this population,
but we recommend discussing the increased revision rate with these patients preoperatively.” 

In the subgroup of 21 patients with severe malalignment, a mean preoperative coronal angulation
of 16.1° was corrected to 4.6° at final follow-up. This subgroup experienced a higher secondary sur-
gery rate (33.3%) than the entire cohort (27.8%), with component revision or failure occurring in
three cases compared to eight cases in the entire cohort. 

As for alignment of the prosthesis, recent results by an Austrian group indicated that mild
malalignment of total ankle arthroplasties did not affect the revision rate at four years.21

Gait and function
Studies have shown that pain and disability are similar after both TAA and AF.22 A pilot study reported
at the AAOS meeting showed gait and balance were also similar, with no statistically significant dif-
ference in velocity, cadence, and other measures.23 Researcher Brandon King, MD, an orthopedic
surgery resident at the University of Michigan in Ann Arbor, told LER, “However, there was a trend
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Figure 1. Pre- and postoperative views of a fixed-bearing, two-component, modular stem total ankle system. It is the second
version of a third-generation total ankle system. (Images courtesy of Todd A. Irwin, MD.)
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Figure 2. Radiographs show lateral and mortise views of a well-aligned,
mobile-bearing total ankle replacement. There is evidence of bone ingrowth
on the tibial component of the prosthesis. (Images courtesy of C. Thomas
Haytmanek Jr, MD.)
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toward better pain and function scores in the TAA group, though it
did not reach statistical significance.” 

He said the arthrodesis cohort actually had better balance
scores, though most of the differences weren’t significant, and that
risk of falling might be a useful point to make when talking about
treatment options with elderly patients with ankle arthrosis. 

Although many studies have shown that gait is improved over
preoperative status after both TAA and ankle fusion, a recent investi-
gation demonstrated why ankle replacement may feel more normal
than ankle fusion. Orthopedic surgeon James R. Jastifer, MD, and his
former colleagues at St. Alphonsus Regional Medical Center’s Cough-
lin Clinic in Boise, ID, examined patients’ clinical and functional gait
scores on stairs, an inclined ramp, and an uneven surface preopera-
tively and at six and 12 months postoperatively.24 TAA patients had
significantly better outcomes than arthrodesis patients for several ob-
jective functional measures and higher scores for walking upstairs,
walking downstairs, and walking uphill, improvements that the authors
believe are due to preserved ankle motion. (Jastifer now is affiliated
with Borgess Health System in Kalamazoo, MI.)

As longer-term durability and efficacy of TAA emerge, the
prospect of providing ankle replacement surgery to younger pa-
tients becomes more attractive. In a prospective study targeting that
issue, Demetracopoulos et al divided 395 consecutive patients with
a mean follow-up of 3.5 years into three groups based on age at
the time of surgery (<55, 55-70, and >70 years) and found that pa-
tients younger than 55 years had a greater improvement in Short-
Form 36 Vitality and American Orthopaedic Foot & Ankle Society
function scores than patients older than 70 years.25

At the same time, an analysis of gait in TAA patients older than

70 years (mean age 74.6 years) reported equivalent improvements
to a comparison group aged 50 to 60 years (mean age 55.4 years)
who underwent the same procedure.26

“This is a good sign that the procedure is viable in the older
population. We will present data this summer demonstrating clinical
improvements to accompany these gait improvements,” said Jason
T. Bariteau, MD, assistant professor of orthopedic surgery at Emory
University in Atlanta, and first author of the study.

Bariteau noted that the only area not improved in the geriatric
group was sagittal plane position at initial contact, indicating
younger patients preoperatively had more of an equinus position,
which was improved with TAA. TAA in the geriatric cohort did not
result in improved equinus position.

Costs
Although patients’ length of stay is similar for both TAA and AF, 
the cost of ankle replacement systems accounts for an increased
expense of at least $12,000.14 Yet, a straight-up comparison of cost
of the two operations doesn’t tell the whole story, according to 
researchers. 

Nwachukwu et al, for example, found that adding indirect costs,
including future related additional surgeries, to direct costs, made
TAA the preferred strategy from both a health system and a societal
perspective.27 The group found direct costs from the NIS database
charge data; indirect costs were related to lost productivity and
wages due to disability from disease (including adjacent joint OA)
or recovery from surgery. In the cost scenarios analyzed, TAA
proved to be the most cost-effective surgical treatment when 
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performed in middle-aged and younger patients, with saved pro-
ductivity costs for patients and their employers. 

The new data are important because, in some cases, patients
are denied access to TAA by payers due to the cost of the ankle
prosthesis, and ankle fusion is offered as the only alternative to med-
ical management, according to another study from the Canadian
Orthopaedic Foot and Ankle Society database. The analysis by
Younger and colleagues compared TAA and ankle fusion with hip
and knee joint replacement and found that the total cost of the initial
hospitalization for ankle arthroplasty was similar to that of both hip
and knee arthroplasty.28

Patient education
The halo effect of hip and knee arthroplasty successes as well as
Internet-based and traditional marketing by implant manufacturers
prompts many patients with end-stage ankle arthritis to go to their
physicians asking for a total replacement for their debilitated ankle,
Younger noted.

No doubt there is a disconnection between established medical
guidelines and information available on the Internet. Elliott et al29 eval-
uated total ankle replacement information available through public In-
ternet sites and rated the quality of information according to authorship
type and site certification status. Websites scoring excellent or high on
a five-point scale comprised 35% of the 105 websites studied; 48%
ranked as poor or unacceptable. The researchers suggested that pro-
fessional organizations and physicians form a partnership to ensure
that provider websites reflect current indications and contraindications
for ankle arthroplasty in order to enhance patient education.29
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Younger said outcomes measures based on patient expecta-
tion and satisfaction may be more useful than current operative out-
come measures based on pain and function. He has led research
that found TAA patients had higher expectation scores preopera-
tively than those having ankle fusion, and that expectations were
more likely to be met by ankle replacement than fusion. TAA pa-
tients more often reported improved satisfaction scores after sur-
gery.30 Interestingly, analysis indicated that, preoperatively, patient
expectation was independent of pain and function scores. Never-
theless, postoperative expectations met and satisfaction scores
strongly correlated with pain and function scores at follow-up.

“We really have to find a way to study this. Everybody talks
about ‘patient satisfaction’ but I think we have to quantify and find
a way to measure ‘patient dissatisfaction,’” Younger said.  

Patient education is key to meeting this challenge, Younger said. 
“We need more educators in clinics and need to find a way to

show they would be cost-effective,” he said. “What’s the cost of a
surgical failure when the patient does not fully understand our in-
structions? If an operation fails because of patient noncompliance,
you’re really saying the patient failed because they didn’t get correct
education. We can explain everything, but sometimes all the patient
hears is ‘blah, blah, blah.’” 

Hank Black is a medical writer in Birmingham, AL.
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Hip strength, balance, 
and risk of ACL injury

Hip strength is associated with perform-
ance on the Star Excursion Balance Test in
female collegiate athletes, a finding that
adds to the evidence that hip strengthen-
ing programs can help reduce the risk of
anterior cruciate ligament injuries in that
patient population.

By Jatin P. Ambegaonkar, PhD, ATC, OT, CSCS; Lindsey M. Mettinger, MS,

ATC; Shane V. Caswell, PhD, ATC; Andrea Burtt, MS, ATC; Shruti J. Ambe-

gaonkar, PT, PhD; and Nelson Cortes, PhD

More than 250,000 anterior cruciate ligament (ACL) knee injuries
occur annually in the US alone, where ACL injury direct surgical
costs are near $850 million per year,1 with an additional $2 billion
of indirect costs for postsurgical care and rehabilitation. Many long-
term sequelae (eg, early-onset knee osteoarthritis) are possible.2

Despite clinicians implementing prevention programs,3 ACL injury
incidence rates remain high.4 Overall, the ACL injury problem con-
tinues to be of great concern, particularly to female athletes.5,6

The risk of ACL injury in female athletes is three to eight times
greater than in similarly trained male athletes.7 Female athletes are
at greater risk for ACL injury than their male counterparts for many
reasons,7 including nonmodifiable (eg, anatomical, hormonal) and
modifiable (eg, neuromuscular) risk factors,6,8 and the risk tends to
be higher in sports that require cutting and landing motions (eg,
lacrosse, basketball).5,9,10 Neuromuscular control of the core8,11 and
hip musculature12-14 plays an important role in lower body mechan-
ics and may influence ACL and lower body injury risk. 

Core musculature and ACL injury risk 
The core is an important stabilizer of the knee and lower body
movement during activity,15,16 which underscores its potential to in-
fluence injury risk. The core musculature includes the rectus abdo-
minis, transversus abdominis/internal obliques, external obliques,
and erector spinae muscles.15-19 During reaction-based tasks (eg, run-
ning, landing), the transversus abdominis/internal obliques are key
dynamic stabilizers of the spine, lumbopelvic region, and the whole
trunk-pelvis segment, collectively referred to as the “core.”17,20-22 The
rectus abdominis, external obliques, and erector spinae muscles
control trunk position relative to its base of support.16 The transver-
sus abdominis is the first muscle activated during lower body move-
ments.16 In a series of prospective studies published in 2007
examining the effects of core stability on lower body injury risk,18,22
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Zazulak et al reported that a logistic regression model (which in-
cluded core-specific factors, including trunk displacement, low back
pain history, and proprioception) predicted knee, ligament, and ACL
injury risk in female athletes with 84%, 89%, and 91% accuracy,
respectively.

Hip musculature and ACL injury risk
In a 2005 study, Zazulak et al noted less hip muscle (specifically
gluteus maximus) activation in female athletes than male athletes
during landing and suggested these muscle activation patterns may
be an important factor in the increased susceptibility of female ath-
letes to ACL injuries.23 Other researchers have also found associa-
tions between strength and biomechanical risk factors for ACL
injury. Individuals with greater hip abduction strength have less knee
valgus motion during single-leg squats,12 and individuals with greater
hip external rotation strength have lower vertical ground reaction
forces and external knee adduction and flexor moments during
landing.14 

Stearns and Powers found that a hip-focused training program
was associated with benefits for recreationally active women;
specifically, their knee/hip extensor moment ratios and knee adduc-
tor moments were positively affected, and their lower body mechan-
ics during a drop-jump changed in a manner consistent with
reduced risk of ACL injury.24 

Balance and ACL injury risk
Deficits in neuromuscular postural stability or balance have also
been suggested to increase lower body injury risk.25,26 The terms
“postural stability” and “balance” are often used interchangeably,
but can describe different ideas. For example, as operationalized in
the Star Excursion Balance Test (SEBT), balance is the ability to main-
tain postural stability (standing on one leg) while reaching as far as
possible with the other leg in a specified direction without losing
support.27,28

Poor SEBT performance has been found to predict increased
lower body injury risk in multiple sports.26,29,30 Plisky et al30 noted
that female athletes with lower SEBT reach distances (less than 94%
of leg length) are 6.5 times more likely to have a lower body injury
than those with higher reach distances. Other researchers have
noted that SEBT scores are lower in individuals who have ACL 
deficiency31 and women who have undergone ACL reconstruction
surgery.32

Overall, increased core endurance, greater hip muscle strength,
and better SEBT performance are associated with reduced ACL and
lower body injury risk.8,15,16,18,22,33 In our 2014 study published in the
International Journal of Sports Physical Therapy34 we investigated
relationships among core endurance, hip strength, and balance per-
formance on the SEBT.  

Forty collegiate female athletes performed the SEBT bilaterally
in anterior, posterolateral, and posteromedial directions (assessed
as percentage of leg length), McGill’s anterior, posterior, and left
and right plank core endurance tests (seconds), and hip abductor,
flexor, extensor, and external rotator isometric strength tests bilat-
erally (measured in Newtons) using handheld dynamometry.

Star Excursion Balance Test. Lower quarter balance was
measured using the SEBT in the anterior (Figure 1A), posterolateral
(Figure 1B), and posteromedial (Figure 1C) directions.30,35,36 Reach
distances were averaged and normalized to limb length (%LL, cm),
which was measured from the anterior superior iliac spine to the
medial malleolus bilaterally.28 Six different SEBT scores were calcu-
lated: three directional scores on the right leg and three directional
scores on the left leg. Then all six scores were averaged to result in
a single composite SEBT score per participant.

McGill’s core endurance tests. Core endurance was meas-
ured using McGill’s tests.37 These tests consist of four positions: the
trunk anterior flexor test, the right and left lateral plank, and trunk
posterior extensor test as described previously,37 in which the max-
imum time (in seconds) participants can hold a static position is
measured (Figures 2A-E). 
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Figure 1. Star Excursion Balance Test (SEBT) directions: anterior reach (1A), posterolateral reach (1B), posteromedial reach (1C). 



These findings are interesting in the context of previous re-
search on SEBT scores and injury risk, as well as research on SEBT
outcomes after hip strengthening interventions. As mentioned ear-
lier, female basketball players with worse SEBT composite scores
(less than 94% of limb length) reportedly are 6.5 more times more
likely to have a lower body injury than those with higher SEBT
scores.30 Rasool and George found that SEBT scores can improve
up to 36% after two to four weeks of neuromuscular balance train-
ing.39 Hip strengthening exercises have been found to be more 
effective than traditional rehab ilitation for improving sagittal plane
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threshold? Probably very few.

At a cost of $449 per tiny tube, 
and thousands more over the one 
year treatment time — generally NOT 
paid by insurance — there is little to 
celebrate in those results, especially 

considering the likelihood of 
recurrence and re-infection. Instead, 
symptom management and reducing 
the fungal burden are the realistic 
outcomes for most patients.

I discovered a more cost-effective 
solution — ClotrimazOil® is the first 
and only broad-spectrum ‘azole’ 
topical antifungal in an exclusive, 
penetration-enhancing, terpene-
rich, essential oils formula, with a 
history of antifungal, antiseptic, 
penetrating activity.

So go ahead, enjoy a free steak 
dinner. But read the fine print in the 
study results. Then make the switch 
to ClotrimazOil® — from old 
fashioned Tolnaftate and Undecylenic-
based topicals, or over-priced, 
‘wonder drugs’, neither proving 

effective for our typical patients.

Healthcare professionals can still 
get a free sample of ClotrimazOil® 
to do your own trial, and compare 
the results. Just call 800-424-5561, 
fax 800-431-7801, or email 
info@pedifix.com and mention 
Priority Code LER615. See for yourself 
how well ClotrimazOil® works. 
No steak dinners — just topical 
antifungal results 
that cost less.

© 2015 PediFix, Inc.  PMN615-CZ

No Reason to be ‘Jubilant’ — 
Still No Cure for Fully-Involved Onychomycosis

No steak dinners — just topical 
antifungal results 
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Isometric hip strength. Isometric hip strength (hip abductors,
flexors, external rotators, extensors) was measured bilaterally using
a handheld dynamometer (Figures 3A-D). 

Primary findings 
All scores (means and standard deviations) are presented in Table
1. The strength of the relationships between variables was de-
scribed as detailed by Portney and Watkins, ie, 0 to .25 = little or
no relationship; .26 to .50 = fair degree of relationship; .51 to .75
= moderate to good relationship, and .76 to 1 = good to excellent
relationship.38

Our primary findings were that significant positive existed rela-
tionships between: 

1. Anterior balance and hip flexor and extensor strength; 
2. Posterolateral balance and hip abductor, extensor, and flexor

strength, and 
3. Posterior core endurance and hip extensor strength bilaterally. 

Balance and hip strength
SEBT combined scores showed a fair degree of positive correlation
with hip abductor, flexor, and extensor strength. Right anterior SEBT
scores showed a fair positive correlation bilaterally with hip flexor
and extensor strength, while left anterior SEBT scores had a fair pos-
itive correlation bilaterally with hip flexor strength. Right posterolat-
eral SEBT scores were fairly positively correlated with right hip
abductor and extensor strength, and left posterolateral SEBT reach
scores were fairly positively correlated with right hip abductor and
left hip flexor strength. Posteromedial SEBT reach scores were not
correlated with any hip strength scores.

Continued on page 54

We found that women with greater hip strength scores also had
overall better SEBT scores. We examined hip abductor, flexor, ex-
ternal rotator, and extensor muscle strength, as previous research
has shown these muscles are activated during the SEBT33 (while
muscle activation does not indicate muscle strength directly, the
two measures are associated).29

The Star Excursion Balance Test assesses
an athlete’s ability to maintain postural
stability on one leg while reaching as far as
possible with the other leg in a specified
direction without losing support.



dynamic balance (anterior reach on the Y-balance test) three
months post-ACL recon struc tion.40 Similarly, Filipa et al found that a
lower body strength ening and core stability program increased SEBT
scores in soccer players.36

When combined with prior work, our finding that greater hip
strength is associated with better SEBT performance is important
for clinicians, who can use this information to encourage female ath-
letes to participate in hip strengthening and balance training pro-
grams.

Anterior SEBT scores were positively correlated bilaterally with
hip flexion strength. This finding suggests that when hip flexors (eg,
quadriceps muscles) are stronger, an individual can reach farther in
the anterior direction. This is consistent with the results of a study
by Earl et al that found that both vastus medialis and vastus medialis
obliquus activations (both com  po nents of the quadriceps muscles)
were greater in the anterior SEBT directions than in the other direc-
tions.33 Although these quadriceps muscles do not cross the hip
joint themselves, we believe these muscle activations reflect overall
quadriceps muscle activity during SEBT anterior reaches. 

SEBT anterior scores were also fairly positively correlated bilater-
ally with hip extension strength in our study. This finding suggests that
hip extensors control the pelvis and trunk, helping to maintain balance,
during anterior reaches. SEBT right anterior scores were also fairly
positively correlated with left hip external rotator muscle strength but

Continued from page 52
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Table 1. Test scores
Test Side Description Mean ± SD
SEBT  (% leg length) Right

Anterior 68.69 ± 6.41

Posteromedial 107.45 ± 10.34

Posterolateral 106.18 ± 10.19

Left

Anterior 68.48 ± 6.46

Posteromedial 111.67 ± 10.32

Posterolateral 103.06 ± 10.07

Composite 87.97 ± 6.49

McGill’s tests (s)
Trunk flexor 57.12 ± 37.64

Trunk extensor 71.00 ± 26.30

Right lateral 36.51 ± 13.82

Left lateral 36.85 ± 14.49

Hip strength (N) Right 

Abduction 27.23 ± 3.22

Flexion 26.24 ± 3.50

Extension 14.18 ± 2.26

External rotation 26.41 ± 4.73

Left

Abduction 26.59 ± 3.55

Flexion 26.27 ± 3.20

Extension 13.11 ± 1.75

External rotation 26.50 ± 4.73

Figure 2. McGill’s core endurance tests: anterior trunk
flexor test, starting position (2A) and testing position
(2B); left (2C) and right (2D) lateral musculature plank
test; and posterior trunk extensor test (2E).
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quently performed in sports that require the individual to backpedal
(eg, a basketball, lacrosse, or soccer player on defense). Thus, pos-
terolateral SEBT reach is a good measure of hip muscle strength
and can be used by clinicians to examine athletes’ functional per-
formance and progress during rehabilitation.  

Interestingly, posteromedial SEBT reach scores were not cor-
related with hip strength scores in either limb. Norris et al41 found
that hip muscle activation in the SEBT posteromedial direction was
lower than in the anterior and medial directions. This finding, com-
bined with our findings of no correlations in the posteromedial di-
rection with hip strength suggest that this motion (crossing over
backward) may not be as clinically important as the other directions
as a measure of hip and lower body function.

Balance and core endurance
We noted fair positive correlations between left lateral core en-
durance and right posteromedial SEBT scores, but not consistently
for the other directions. We are unsure of the reason for this finding,

as the core should be active bi-
laterally during dynamic lower
body movements. Still, the lim-
ited correlations we observed
suggest lateral core training pro-
grams could potentially improve
posteromedial balance. No
other correlations existed be-
tween core endurance and bal-
ance. 

Similarly, Gordon et al did
not find any relationships among
core endurance and balance (as
measured by the SEBT).28 How-
ever, Shirey et al42 examined
core muscle activation during
single-leg squats and reported
that voluntary activation of the
core musculature had a more
positive effect on frontal plane
hip and knee kinematics (less
mediolateral hip displacement,
more knee flexion) than when
the same individuals did not ac-
tivate the core.42

The discrepancy between
our findings and those of Shirey 
et al may be due to the differing
tasks. Overall, further studies are
needed to determine if core en-
durance and SEBT scores are 
related.  

Continued from page 54
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Figure 3. Hip muscle strength tests:
abductors (3A), flexors (3B), external
rotators (3C) and extensors (3D).

not with right hip external rotator muscle strength. The fair degree of
the relationships suggests that, as anterior reach motion is primarily
in the sagittal plane, extension and external rotator strength may not
be as influential in this direction. Overall, several SEBT scores were
positively correlated with multiple hip muscle strength measures, sug-
gesting that examining anterior reach may provide a good general
measure of hip muscle strength and vice versa. 

Right posterolateral SEBT reach scores were positively corre-
lated with right leg hip abductor and extensor strength, and left pos-
terolateral SEBT reach scores were positively correlated with right
hip abductor and left hip flexor strength. We did not find these re-
sults consistently in all muscles, which may be a reflection of the
moderate correlations between posterolateral reaches and hip
strength. Still, our findings suggest that individuals with stronger hip
abductors, flexors, and extensors may be able to reach farther back-
ward and laterally without losing balance. Such movements are fre-
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Core endurance and hip strength
Core extensor endurance was positively correlated with hip extensor
strength. Most of the prime mover muscles of the lower body (eg,
hamstrings, quadriceps, iliopsoas muscles) attach in similar anatomical
areas (eg, ilium, ischium, pubic bones) as the core musculature, lead-
ing clinicians to believe that hip extensors and posterior hip muscles
influence the lower back. However, we found inconsistent relation-
ships between hip external rotation and SEBT scores. Gordon et al did
not find significant relationships between hip external rotation strength
and SEBT scores, and attributed this finding to muscles other than the
external rotators being involved in balance.28

In our examination of additional hip muscles, while we noted
positive relationships among the hip flexors, extensors, and abduc-
tors and SEBT scores, we measured hip muscles only isometrically
rather than during a dynamic activity. Future researchers may use
dynamic hip strength tests (eg, isotonic or isokinetic testing) to
measure hip musculature and its relationships with balance.  

Continued from page 56
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Our findings add to the literature that
suggests hip muscle strengthening
programs may help reduce the risk of
anterior cruciate ligament injury and other
lower body injuries in female athletes.

Clinical implications
Overall, the primary clinical implications of our findings are that (1)
hip strength is associated with SEBT performance, but core en-
durance is not, and (2) greater hip muscle strength is related to bet-
ter balance performance on the SEBT in multiple directions. These
findings add to the literature that suggests hip muscle strengthening
programs may help reduce the risk of ACL injury and other lower
body injuries in female athletes. The findings further suggest that
clinicians can use SEBT balance testing as a measure of neuromus-
cular control to track these improvements. 

Jatin P. Ambegaonkar, PhD, ATC, OT, CSCS, is the operations director
of the Sports Medicine Assessment, Research, and Testing (SMART)
Laboratory at George Mason University in Fairfax, VA. Lindsey M.
Mettinger, MS, ATC, is a former master’s of science student in the
Exercise, Fitness, and Health Promotion (EFHP) Program; Shane V.
Caswell, PhD, ATC, is the executive director of the SMART Labora-
tory; Andrea Burtt, MS, ATC, is a former master’s of science student
in the EFHP Program; Shruti J. Ambegaonkar, PT, PhD, is an assistant
professor in the Athletic Training Education Program; and Nelson
Cortes, PhD, is an associate professor and faculty member in the
SMART Laboratory, all at George Mason.  
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New EMS
Socket System

Ottobock is the exclusive dis-
tributor of the new EMS (Envi-
ronmentally Managed System)
socket system developed by
Carl Caspers, CPO. The EMS
technology is fully compatible
with the Harmony vacuum sys-
tem Caspers developed and
sold to Ottobock in 2003, but
also offers more surface area
for better pressure distribution,
a higher coefficient of friction
for better connection, a flexible
supracondylar connection for
knee stability, an air cushion to
reduce distal pressures, and
flexible inner socket trim lines
and lower definitive socket trim
lines for better range of motion
and improved sleeve durability. 

Ottobock
800/328-4058
ottobockus.com

MVN Biomech
Motion Analysis

The new MVN Biomech wear-
able 3D motion system from
Xsens is made up of small,
lightweight tracking units that
communicate wirelessly to a
personal computer. These
trackers can either be inte-
grated into a Lycra suit (MVN
Biomech Link) or mounted in
straps that fasten on the hu-
man body (MVN Biomech
Awinda). The system channels
the data through biomechani-
cal models and sensor fusion
algorithms before displaying
them in real time in Xsens’
MVN Studio Biomech software
or in application-specific pack-
ages. The data can be streamed
in the form of an animated 3D
character and graphs. 

Xsens
310/481-1800
xsens.com

EndoFoam
Prosthetic Cover

EndoFoam, from Rehabilitation
Technical Products, is a two-part
prosthetic cover system that
creates a uniform cell structure
similar to the density of human
tissue. Simply secure a finishing
mold around the prosthesis, mix
the two parts, and pour in the
solution. After 10 minutes, the
mold is removed, and the result
is a fully covered prosthesis with
minimal trimming necessary.
Endo Foam is available in gallon
kits, each of which can finish
approximately 35 prosthetic de-
vices, and is less expensive and
less time consuming than pre-
shaped foam blocks. Instruc-
tional videos are available at
youtube.com/orthoremedy. 

Rehabilitation Technical Products
800/782-5678
rehabtechcomponents.com

Soletech
Flex Insoles

Soletech now offers Rigid-Flex
and Semi-Flex insoles for ath-
letes and others who will benefit
from extra arch support. Both
the Rigid-Flex and Semi-Flex in-
soles are lightweight and slen-
der, with a streamlined shape.
The new insoles are composed
of injection-molded polyester
and are thermomoldable to fa-
cilitate an optimum balance of
flex and support. The Rigid-Flex
insole has a firm rigid base that
helps form and support the
arch, while the Semi-Flex insole
has more flex, or “give,” in the
arch, to improve comfort for pa-
tients with a sensitive arch while
still providing support. Available
in seven unisex sizes.

Soletech
813/606-4220
soletech.com
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Townsend
Active Reliever

Townsend Design announces
the North American release of
the Active Reliever, a soft shell
single-upright knee brace for
osteoarthritis (OA). This brace,
available off the shelf or custom
fitted, is designed to relieve pain
by reducing load on the af-
fected side of the knee. The Ac-
tive Reliever brace features a
sewn-in integrated semirigid
frame and quick release buck-
les to make application and 
removal of the brace easy for
patients. The Active Reliever
also incorporates a counter-
force tensioning strap and a
low-profile Townsend Motion
Hinge that tracks with the
anatomical roll-and-glide move-
ment of the knee. 

Townsend Design
800/432-3466
townsenddesign.com

Chronic Pain 
Education System

Physical therapist Adriaan
Louw’s Why You Hurt: Thera-
peutic Neuroscience Education
System is a comprehensive
tool for teaching patients about
pain, distilling complex neuro-
science into easily approach-
able language, examples,
metaphors and images. The
Why You Hurt system includes
more than 120 full-color, two-
sided education cards related
to more than a dozen common
chronic pain topics. Every card
has teaching cues on the back,
to guide the learning session,
and vibrant images on the
front, to enhance recall. Sec-
tions culminate with repro-
ducible and downloadable
homework cards.

OPTP
800/367-7393
optp.com

Diabetic
Compression

Sigvaris announces a new ther-
apeutic compression sock op-
tion for patients with diabetes.
Constructed with the com-
pany’s drirelease yarns and em-
bedded FreshGuard technol-
ogy, Sigvaris Eversoft Diabetic
Socks are designed to wick
away moisture and prevent
odor, reducing friction and low-
ering the risk of infection. The
socks provide 8-15 mm Hg of
graduated compression to im-
prove circulation. A flat toe
seam minimizes irritation, and
a stretchable top band prevents
pinching and enhances com-
fort. The socks also feature
thick, padded soles, heels, and
toes to protect patients’ feet.
Available in sizes S-XL.

Sigvaris
800/322-7744
sigvarisusa.com

Hersco LEAP
Ankle Brace

Hersco’s new Lower Extremity
Ankle Protection (LEAP) brace,
the latest in the company’s line
of ankle foot orthoses (AFOs),
is designed to help improve sta-
bility and proprioception in eld-
erly patients and others who are
at risk for trips and falls. The
LEAP brace is a short, semirigid
polypropylene AFO that is func-
tionally balanced to support the
foot and ankle complex without
immobilizing the ankle. It has a
padded tongue and is fully lined
with a lightweight and cushion-
ing Velcloth interface for opti-
mum patient comfort. Two Vel-
cro straps make the brace easy
for clinicians or patients to se-
cure and remove.

Hersco
800/301-8275
hersco.com 
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Copolymer
Polypropylene

Copolymer polypropylene is
now available from Allied O&P
Supply in red, light blue, royal
blue, purple, yellow, light pink,
and brown. Copolymer polypro -
pylene has some flexibility and
good crack resistance, but it is
more resilient and less rigid
than homopolymers, and it
processes at a lower tem -
perature, all of which facilitate
spot modification. The recom-
mended oven temperature is
350° to 375° F. Typical shrink-
age is 1.5% to 2%. Copolymer
polypropylene has a yield point
of 3400 psi, elongation at yield
of 11%, and a Shore D hardness
of 72 durometer. The material
is available in 1/8" and 3/16"
thicknesses.

Allied O & P Supply
866/472-1107
alliedoandpsupply.com

Plantarflexion
Limiter Kit

Tamarack Habilitation Technolo-
gies announces the Tamarack
Plantarflexion Limiter Kit, which
provides 30° of precision ad-
justability for plantar flexion con-
trol. Kits come in medium and
large sizes, can be used with
thermoplastic and carbon fiber
construction, and include a set
of reusable molding dummies.
Tamarack Flexure Joints are sold
separately. Tamarack is also
preparing to introduce a dorsi-
flexion motion control option in
the fall of 2015, at which point
the product line will offer com-
plete range of motion adjusta-
bility. The Tamarack Plantarflex-
ion Limiter Kit is sold worldwide
by Becker Orthopedic.

Becker Orthopedic
248/588-7480
beckerorthopedic.com

Pressurex 
Duration

Sensor Products announces
Pressurex Duration, a visual 
indicator sensor film that re-
veals the longevity of physical
compressive load. The techno-
logical innovation behind Pres-
surex Duration is a sophis -
ticated nanoparticle lattice
structure that facilitates a color
change. The user specifies the
threshold level at which they
want to begin detecting com-
pression, and any pressure
equal to or greater than that
threshold will activate the film
and perpetuate a color change.
Pressurex Duration starts out
as a white film and turns pro-
gressive shades of red that are
proportional to the duration of
the pressure load. 

Sensor Products
972/884-1755
sensorprod.com

Sidekicks
Freestyles

Allied OSI Labs has expanded
the “SideKicks” over-the-counter
(OTC) orthotic line, providing a
more complete solution for in-
office dispensing. The original
SideKicks line, launched in
2012, consisted of three full-
length OTC foot orthoses in
sport and casual shell styles as
well as a met-length option. The
four new Sidekicks Freestyles
feature a semirigid 1/8" Triton
shell (comparable to popular
and durable thermoplastic ma-
terials), a sleek topcover, a suede
bottom cover, and optional rear-
foot posting. These orthoses are
manufactured in bulk, making it
possible to keep prices compet-
itive at just $19.95 a pair.

Allied OSI Labs
800/444-3632
alliedosilabs.com



Galloway wins third place on DWTS 
Noah Galloway, a double am-
putee and former soldier who
lost his left arm above the elbow
and left leg above the knee after
a 2005 roadside bombing in
Iraq, finished third during the
May 19 finale of season 20 of
ABC’s Dancing With the Stars
(DWTS).  

The 33-year-old Birming-
ham, AL, native, who has be-
come a distance runner, per-
sonal trainer, model, and
motivational speaker since his
military injury, and his profes-
sional DWTS partner, Australian
ballroom dancer Sharna Burgess,
ended the season with a dance
mash-up that included the Cha
Cha and the Argentine tango.

The pair finished closely
behind winners Rumer Willis
and Val Chmerkov skiy and sec-
ond-place finishers Riker Lynch

and Allison Holker. 
Galloway, who ultimately de-

cided not to use a prosthetic arm
during the DWTS competition,
wore a computerized prosthetic
leg with microprocessor settings
that he can reset via a Bluetooth
link to his laptop. The leg was
designed by his prosthetist of
nine years, Eric Eisenberg, CPO,
owner of BioTech Limb and
Brace in Birmingham. Eisenberg
also consulted on-set with Gal-
loway, Burgess, and DWTS pro-
ducers on the clinical feasibility
of specific dance moves for his
long-time patient.

Galloway added to aware-
ness of what amputees can
achieve by often often compet-
ing on DWTS with his left pant
leg cut off above the knee so the
audience had a full view of his
prosthesis.  

Biodex, Concussion Health offer rehab cert  
Shirley, NY-based Biodex Med-
ical Systems and Austin, TX-
based Concussion Health re-
ported on May 28 that the two
companies have completed a
preferred vendor partnership to
create a concussion manage-
ment program for Biodex’s re-
habilitation facility customers.

Biodex’s Balance System
SD and portable BioSway pro-
vide detailed summary and
progress reports to help track
recovery as well as quantitative
data to help with return-to-play

decisions, while Concussion
Health offers web-based tools
that support best practices in
concussion rehabilitation.  

Any facility that purchases
a Biodex balance device is eli-
gible for the online program at
no charge. After customers suc-
cessfully complete the program,
their facilities receive a com -
petency-based certificate ap-
proved by the Board of Certifi-
cation for athletic trainers and
for physical therapists in most
states. 

Kinesio tape improves dynamic balance
Sunku Kwon, LAT, ATC, an ath-
letic trainer from Brigham
Young University in Provo, UT,
presented research on May 27
at the Annual Meeting of the
American College of Sports
Medicine in San Diego, CA,
showing Kinesio tape improved
dynamic balance in all direc-
tions of the Star Excursion Bal-
ance Test (SEBT) in 32 partici-
pants with functional ankle
instability (FAI). 

The researchers for the
cross-sectional study recruited
13 men and 19 women (age 21
± 1 years) with FAI and applied
Kinesio tape to their ankles us-

ing a combination of five taping
methods. 

They tested the tape’s ef-
fects on SEBT reach distances
(anteromedial, medial, and pos-
teromedial directions) before
taping, immediately after taping,
on day three of wear, and im-
mediately after tape removal.  

They found significant im-
provements in dynamic balance
in all three directions except be-
tween the day-three taped time-
point and after tape removal,
also on day three. The power for
all three variables was high
(.906-.998), with moderate effect
sizes, from .364 to .544. 

market mechanics
By Emily Delzell
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Ottobock renews OPAF gold sponsorship
Ottobock, which has its North
American headquarters in
Austin, TX, on May 27 renewed
its $10,000 gold-level sponsor-
ship of the Orthotic & Prosthetic
Activities Foundation (OPAF).

This will be Ottobock’s
eighth year supporting Charlotte,

NC-based OPAF.
OPAF has several new cor-

porate sponsor-funded First Clin-
ics planned for 2015 and 2016,
including First Fish, First Dash,
First Target, and First Garden, ac-
cording to a release from the or-
ganization.  

Registration open for bicycle-fitting event 
The Sixth Annual Medicine of Cy-
cling Conference will be held at
USA Cycling headquarters in Col-
orado Springs, CO, August 14-16. 

The University of California,
San Francisco School of Medi-
cine and Sausalito, CA-based
Medicine of Cycling are collabo-
rating with USA Cycling to pres-

ent the cycling analysis and bi-
cycle-fitting symposium. 

Go to medicineofcycling
.com/conference for more infor-
mation or to register for the
event, where physicians can
earn 18.25 AMA PRA Category
1 continuing medical education
credits.  

Össur, SpringActive to license bionic ankle 
Reykjavik, Iceland-based Össur
and Tempe, AZ-based Spring -
Active on May 6 jointly an-
nounced a licensing agreement
between the global provider of
advanced prosthetics and the
privately held engineering firm
that specializes in robotics and
powered prosthetic devices. 

The agreement calls for
Össur’s involvement in the final
design, manufacturing, and
commer cialization of Spring -
Active’s Odyssey all-terrain
prosthetic ankle. The motorized

ankle stores and releases en-
ergy in a motor-spring compli-
ant actuator to provide a fully
powered gait step that is similar
to those taken by able-bodied
individuals.

SpringActive founder and
Director of Technology Thomas
Sugar, PhD, MSE, developed
the robotic ankle with a team
that included four of his former
graduate students from Arizona
State University in Tempe,
where he is associate professor
of engineering.  

The Gainesville, FL-based OPIE
Choice Network and Streifen -
eder USA in Tampa, FL, on May
8 announced they have inked
two new agreements. 

The first makes Streifeneder
USA’s product catalog available
to all users of the OPIE Purchas-
ing System when they become
an OPIE Integrated Supplier. The
second involves a new contract
award for the OPIE Choice Net-

work’s Group Purchasing Organ-
ization, through which Streifen -
eder USA is a preferred non -
exclusive provider of mechanical
knees for all OPIE members.

The OPIE Choice Network
is focused on creating ways to
use the distinctive data in the
OPIE and Futura Systems to help
improve the operations of O&P
practices, according to a com-
pany release.  

Streifeneder, OPIE partner on purchasing 



HSS gets $2.76M sports injury grant 
The New York, NY-based Hospital
for Special Surgery (HSS) on May
13 reported it had received a
$2.76 million grant from HSS
board member James Dinan and
his wife, Elizabeth Miller, through
The Dinan Family Foundation to
establish a program aimed at pre-
venting injuries in young athletes.

After reviewing evidence-
based best practices, members
of the five-year HSS Sports Med-
icine Injury Prevention Program
will launch a comprehensive
campaign to raise injury preven-
tion awareness among the public

and professionals, initially focus-
ing on anterior cruciate ligament
(ACL) tears.

The program will go on to
provide training and skills en-
hancement for coaches and ath-
letic trainers on ACL injury pre-
vention techniques and on
teaching ACL injury and preven-
tion strategies to children and
their parents.

Program leaders also envi-
sion the creation of YouTube
videos aimed at children and
parents, according to an HSS re-
lease. 

APTA names Jette PTJ editor-in-chief 
The Alexandria, VA-based Amer-
ican Physical Therapy Associa-
tion (APTA) on June 1 named
Alan M. Jette, PT, PhD, FAPTA,
editor-in-chief of its monthly sci-
entific journal, Physical Therapy
(PTJ). Jette will serve a five-year
term beginning January 1, 2016,
succeeding Rebecca L. Craik, PT,
PhD, FAPTA, dean of the College
of Health Sciences at Arcadia
University in Glenside, PA. 

Jette is professor of health
policy and management at the
Boston University School of Pub-
lic Health, where he directs the
Health & Disability Research In-
stitute. 

He also serves as a profes-
sor in the PhD in Rehabilitation
Sciences Program at the Massa-
chusetts General Hospital Insti-

tute of Health Professions in
Boston. His research interests in-
clude late-life exercise, evalua-
tion of rehabilitation treatment
outcomes, and the measure-
ment, cause, and prevention of
disability. He has received more
than $50 million in federal and
private research funding.  

For the past 14 years Jette
has directed the Boston Univer-
sity Post-Doctoral Fellowship Pro-
gram in Outcomes Research. In
2013 he was elected a member
of the National Academies of Sci-
ence’s Institute of Medicine
(IOM), where from 2011-2014 he
cochaired the IOM Forum on Ag-
ing, Disability, and Independ-
ence.  

Read more about Jette at
apta.org. 
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AOPA announces Thranhardt finalists 
The American Orthotic & Pros-
thetic Association (AOPA) on
June 3 announced the con-
tenders for its 2015 Fall Thran-
hardt Award and noted the five
finalists will present their re-
search at AOPA’s annual Na-
tional Assembly, scheduled for
October 7-10 in San Antonio, TX. 

The Thranhardt awards
were launched in 1996 by a gift
from J.E. Hanger in memory of
Howard R. Thranhardt, CP. Go to
aopanet.org for details on the fi-
nalists and their presentations.  

National Assembly atten-
dees can earn 35-plus continu-
ing education credits at the
event, which will feature five con-
current sessions for orthotists,
prosthetists, pedorthists, techni-
cians, and business owners and
managers; case studies and
grand round style programming;
and information on the latest reg-
ulatory rules and regulations. 

Go to aopanet.org/educa
tion/2015-assembly to register,
review the preliminary program,
and get other specifics.    

Nets’ Walsh wins top NBATA award 
The NBA Trainers Association
(NBATA) on May 16 awarded
the Brooklyn Nets’ Tim Walsh,
ATC, its Jim O’Toole Athletic
Trainer of the Year for the sec-
ond consecutive year. 

Walsh, who has been the
Nets’ head athletic trainer for the
past 15 seasons and kept his
team near the top of league for
the fewest games missed due to
injury in the 2014-2015 season,
also played a pivotal role in sav-
ing two lives this year. 

Walsh and team physician
Michael Farber, MD, encouraged
Mirza Teletovic to get a CT scan
after the Bosnia- and Herzegov-
ina-born power forward experi-
enced shortness of breath dur-
ing a January 22 game against
the Clippers in Los Angeles. 

Walsh stayed overnight
with Teletovic in a local hospital,
where the player was diag-
nosed with bilateral pulmonary
emboli. Teletovic recovered
completely and returned to play
in April. 

Two weeks after Teletovic’s
hospital admission, Nets assis-
tant coach Jim Sann had a mild
heart attack and went into car-
diac arrest during a practice at
the team’s East Rutherford, NJ,
training facility, where Walsh
and team training staff saved
his life by performing CPR and
using a defibrillator. 

Sann also experienced a
complete recovery, while Walsh
and the training staff received
American Heart Association
awards for their actions.  

Orthologix begins O&P patient navigation 
Trevose, PA-based Orthologix on
June 1 launched a Patient Navi-
gation Program for O&P patients. 

The O&P care provider,
which operates in Pennsylvania,
New Jersey, and Delaware, be-
gan the two-year pilot program
with a first phase devoted to
prosthetic patients, particularly
new amputees. 

The nonclinical patient nav-
igators will assist with coordina-
tion of care and connecting pa-

tients with insurer or healthcare
system navigators and case
managers, nurses, and other re-
habilitation team members. 

Orthologix’s patient naviga-
tors underwent training for the
program at the University of
Colorado’s School of Public
Health in Boulder and are work-
ing with five regional insurance
carriers in the tri-state area, as
well as with local health sys-
tems.

OTC orthoses reduce plantar fascia strain
Sole, SuperFeet, and PowerStep
over-the-counter (OTC) orthoses
reduce plantar fascia strain, ac-
cording to research epublished
on May 26 in Prosthetics and Or-
thotics International. 

Researchers from the Uni-
versity of Calgary in Canada as-
sessed 18 participants who
walked on a treadmill under four
conditions (Sole, SuperFeet, Pow-
erstep, and no orthosis) in ran-
dom order. The length of the plan-
tar fascia was defined by the first

metatarsal head and medial cal-
caneus; strain was calculated as
the relative change in position of
a line between those two points. 

All OTC orthoses resulted in
significant decreases in plantar
fascia strain compared with no
orthosis; the Powerstep alone
exhibited significant decreases
in peak rearfoot eversion.  

Sole is based in Great Falls,
MT, Superfeet in Ferndale, WA,
and PowerStep in West Chester,
OH.  






