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Anterior cruciate ligament

(ACL) injury experts are

increasingly thinking

outside the biomechanics

box in an effort to better

understand the factors that

contribute to injury risk,

which I think is admirable.

But there’s one factor in

particular that I wish was

receiving more attention. 

At the 7th ACL Research

Retreat, held in March in

Greensboro, NC, the

overriding theme of the event was the need to look beyond

biomechanics for variables that contribute to injury risk. Some of

the variables discussed at the retreat included joint laxity, fatigue,

neurocognitive factors, and even genetics—each of which appears

to represent a piece of the injury prevention puzzle (see

“Conference coverage: 7th ACL Research Retreat,” page 31). 

But none of the studies presented at the retreat focused on what

may be the most significant risk factor of all: The unwillingness of

coaches to buy into the benefits of training programs for injury

prevention.

Team-based interventions don’t work if coaches don’t implement

them, and there is a growing body of evidence that coaches’

skepticism is a major barrier to success. Efforts to educate

coaches about the benefits of injury prevention haven’t been

convincing enough. 

The latest study to document poor implementation of injury

prevention programs was epublished in early April by the Journal

of Science and Medicine in Sport. In that study, 66 head soccer

and basketball coaches from 15 Oregon high schools responded

to a survey about prevention programs. Although 52% were

aware of the programs, just 21% reported using them, and only

9% had implemented a program exactly as it was designed. 

Coaches who decided not to adopt an injury prevention program

did so because they didn’t perceive a relative advantage over

their existing practices, the programs did not align with their

needs, or the programs were too difficult to implement.

This isn’t just a problem in Oregon. It’s a problem nationwide,

even worldwide. 

Just last fall in the British Journal of Sports Medicine, Swedish

researchers published the results of a similar coaches’ survey.

This survey was conducted three years after completion of a high-

profile study documenting the benefits of neuromuscular training

for reducing ACL injury incidence in female adolescent soccer

players—so one would think the coaches would have at least

been aware of it. 

And, yes, 91% of the survey respondents who were currently

coaching said they were aware of the training program, and 74%

were using it. But only 35% said they were using it every week,

and only 25% said they were using it exactly as designed. So

clearly improving coaches’ awareness of training programs

doesn’t necessarily lead to effective implementation.

I have no doubt that, as ACL injury prevention experts delve

further into topics like fatigue and neurocognitive factors, and

training programs are revised accordingly, the potential benefit of

those programs for reducing ACL injury incidence will continue to

improve. But I also hope that a discussion of implementation is 

on the agenda at the next ACL Research Retreat. Because, until

someone comes up with a program that coaches will implement

as designed, the real-world impact of these interventions will be

limited.

Jordana Bieze Foster, Editor

The most significant risk factor for ACL 
injury may be the unwillingness of
coaches to buy into injury prevention.

out on a limb:
Coaches as risk factors
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Algorithmic approach
Goal-based system relieves PFP symptoms 

A new treatment algorithm for patients
with patellofemoral pain syndrome (PFPS),
designed by researchers at Nationwide
Children’s Hospital in Columbus, OH, was
associated with clinically significant im-
provement in pain and disability in a 
recent pilot study.

The investigators enrolled 30 patients with PFPS, who were assigned
to subgroups based on a sequence of tests for fear avoidance, flex-
ibility, and functional malalignment. Patients whose test results did
not qualify them for one of those three subgroups were assigned
to a fourth subgroup focused on progressive strengthening. All pa-
tients received physical therapy two times per week for six weeks,
progressing from one subgroup to the next, in the order listed
above, based on the achievement of subgroup-specific goals. 

“The treatment algorithm is goal-based rather than interven-
tion-based,” said lead study author Mitchell Selhorst, DPT, OCS.

“For each subgroup, the goal is to address a primary impairment
found to be important for patients with patellofemoral pain.”

After six weeks, the researchers found clinically significant im-
provements in AKPS (anterior knee pain scale) and GRoC (Global
Rating of Change) scores for the 21 patients who were available for
analysis. Eighty percent of patients progressed through all four sub-
groups by the end of the study, Selhorst said. The findings were
published in the April issue of the International Journal of Sports
Physical Therapy.

in the moment: sports medicine

Patients cleared 6 months after ACL
injury still have functional limitations
Patients cleared to return to play
six months after anterior cruciate
ligament (ACL) reconstruction
do not appear to have signifi-
cantly better functional ability
than those who are not cleared,
according to research from
Duke University Medical Center
in Durham, NC. 

Investigators conducted a
cohort study of 98 patients six
months after ACL surgery. The
patients were separated by
readiness to return to sport, as
determined by the treating or-
thopedic surgeon based on
clinical impairment measures
such as swelling, range of mo-
tion, strength, and graft stability.
The results revealed no signifi-
cant differences on functional
tests—the Functional Movement

Screen (FMS) and the Lower
Quarter Y Balance Test—be-
tween patients who had been
cleared and those who had not. 

But both groups did aver-
age one FMS asymmetry; this
finding and the composite FMS
scores (12.7 for the cleared
group, 12.8 for the noncleared
group) are suggestive of ele-
vated lower extremity injury risk
based on previously published
data for similar populations. The
results were epublished in April
by the American Journal of
Sports Medicine. 
Source:
Mayer SW, Queen RM, Taylor D, et al.
Functional testing differences in ante-
rior cruciate ligament reconstruction
patients released versus not released to
return to sport. Am J Sports Med 2015
Apr 13. [Epub ahead of print] 

Back pain, core weakness predict risk
of sprains, strains in college football
Mild low back dysfunction and
poor core muscle endurance
are modifiable predictors of
core and lower extremity
sprains and strains in college
football, according to a study
from the University of Ten-
nessee at Chattanooga that an-
alyzed three seasons of data. 

In the cohort study, 152
football players underwent
mandatory physicals for three
straight years prior to the start
of preseason practice. 

Having at least two of the
three risk factors—one or more
games as a starter (indicating
greater  exposure to game con-
ditions), Oswestry Disability In-
dex score equal to or greater
than 4, and poor wall-sit-hold

performance—predicted core
or lower extremity sprain or
strain with 56% sensitivity, 80%
specificity, an odds ratio of
5.28, and a hazard ratio of 2.97. 

The findings, epublished in
April by the Journal of Athletic
Training, confirm those of a sin-
gle-season study from the
same research group that were
published in 2012 by the same
journal. 
Sources:
Wilkerson GB, Colston MA. A refined
prediction model for core and lower ex-
tremity sprains and strains among col-
legiate football players. J Athl Train
2015 Apr 6. [Epub ahead of print]
Wilkerson GB, Giles JL, Seibel DK. Pre-
diction of core and lower extremity
strains and sprains in collegiate football
players: A preliminary study. J Athl Train
2012;47(3):264-272.

Continued on page 12
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Investigators selected ado-
lescent patients for their pilot
study because individuals typi-
cally develop patellofemoral
pain between ages 12 and 17
years. However, Selhorst said
their algorithm may also be ap-
plicable in older individuals who
present with quadriceps and hip
musculature weakness, altered
lower extremity kinematics, de-
creased flexibility, and psycho -
social stressors. 

Jennifer E. Earl-Boehm,
PhD, ATC, an associate profes-
sor in the College of Health 
Sciences at the University of
Wisconsin in Milwaukee, said of
the approach: “The flexibility,
strength ening, and neuromus-
cular approaches to treatment
are all based on strong evi-
dence from the literature. The
psychological/educational inter-
vention is a novel approach that

has not yet been tested in the
literature. ... This has the poten-
tial to be impactful in their fu-
ture RCT [randomized con-
trolled trial].”

Although fear-avoidance
interventions had not previously
been studied in patients with
PFPS, a 2009 study found fear-
avoidance beliefs were strong
predictors of pain and function
after standard physical therapy
in adults with PFP. 

“We ordered the approach
because there is research to
show that, if psychosocial com-
ponents are not addressed, the
patient is less likely to improve
no matter the physical interven-
tion prescribed,” Selhorst said.
“Patients with impaired flexibility
are more likely to have poor
body mechanics, as well as in-
creased joint compression. Fi-
nally, before high-level strength-

ening is begun, we felt having
proper mechanics was vital to
avoid aggravation or reinjury to
the patellofemoral joint.”

Selhorst also said the algo-
rithm can be individualized to
fit the patient’s and the treating
clinician’s preferences with re-
gard to specific interventions. 

“The clinician is free to ap-
ply any intervention that will
help them achieve the sub-
group’s goal,” he said. “For ex-
ample, if a patient is placed into
the flexibility subgroup, the pa-
tient can be treated with static
stretching, dynamic stretching,
and even manual therapy. The
key is to assess the patient’s re-
sponse towards the goal of the
subgroup.”

Investigators will make mi-
nor changes to the protocol and
outcome measures for the larger
RCT, for which recruitment is ex-

pected to begin in June. The re-
searchers found that some pa-
tients (the 20% who did not
complete the progression) had
difficulty meeting the weight-
bearing dorsiflexion range of
motion goal required to advance
from the flexibility subgroup to
the functional malalignment
subgroup. As a result, the re-
searchers lowered the flexibility
goal for the RCT protocol, but it
is still within the 95% confi-
dence interval found in previous
research, Selhorst said. 
Sources:
Selhorst M, Rice W, Degenhart T, et al.
Evaluation of a treatment algorithm for
patients with patellofemoral pain syn-
drome: A pilot study. Int J Sports Phys
Ther 2015;10(2):178-188.
Piva SR, Fitzgerald GK, Wisniewski S,
Delitto A. Predictors of pain and func-
tion outcome after rehabilitation in 
patients with patellofemoral pain syn-
drome. J Rehabil Med 2009;41(8):
604-612.



Lumbar link?
Ankle, spinal pathologies coexist in cadavers

Practitioners treating a patient with ankle
osteoarthritis (OA) may want to ask if the
patient has a history of back pain, accord-
ing to a recent study that found an associ-
ation between lumbar disc degeneration
and ankle OA in cadavers.

The study was unable to determine, however, whether the lumbar
pathology typically precedes the ankle OA or whether it’s the other
way around.

Alex V. Boiwka, MD, an orthopedic surgical resident at the Uni-
versity of Buffalo in New York, and colleagues conducted a post-
mortem study involving 710 cadavers (583 male) who ranged in
age from 17 to 105 years at the time of death.

A single spinal examiner graded lumbar disc degeneration dis-
ease (DDD) on a scale of 0 to 4 by Kettler and Wilke classification
for vertebral endplate osteophytosis. Another single examiner
graded tibiotalar joint arthritis on a scale of 0 to 4 by the Kellgren-
Lawrence classification system.

Of 696 specimens with adequate bone available for bilateral
ankle measurement, 586 had some degree of tibiotalar osteoarthri-
tis, and 16% of these had severe arthritis. Of 516 specimens with
lumbar data available, 443 showed disc degeneration, which was
most prevalent at the L4-L5 and L3-L4 intervertebral levels. Thirty

in the moment: OA

Knee and hip OA significantly impact
quality of life in younger adult patients
Adults aged between 20 and 55
years with hip or knee osteo -
arthritis (OA) report significantly
higher levels of distress and 
disability and poorer health-
related quality of life than the
general population for that age
range, according to research
from the University of Mel-
bourne in Australia.

Investigators assessed qual-
ity of life and distress in 147
young and middle-aged adults
with OA and compared the find-
ings to age- and sex-matched
population norms. They found
that health-related quality of life,
measured using the Assessment
of Quality of Life tool, was .35
points lower in the OA popula-
tion than the general population;
a reduction of .06 points or

more is clinically significant. 
High or very high levels of

distress, defined as scores of 22
or higher on the Kessler Psycho-
logical Distress Scale, were four
times more prevalent in the OA
population than the general
population. And two-thirds of the
OA patients reported moderate
to considerable OA-related work
disability, assessed using the
Workplace Activity Limitations
Scale. 

The findings were epub-
lished in April by Osteoarthritis
& Cartilage. —JBF
Source:
Ackerman IN, Bucknill A, Page RS, et al.
The substantial personal burden expe-
rienced by younger people with hip or
knee osteoarthritis. Osteoarthritis Car-
tilage 2015 Apr 14. [Epub ahead of
print]

Symptoms precede tibiofemoral
radiographic changes by 2-3 years
Incident radiographic knee OA
is preceded by two to three
years of prodromal symptoms,
which may present an opportu-
nity for intervention, according
to research from Keele Univer-
sity in Staffordshire, UK. 

The case-control study uti-
lized data from the Osteoarthritis
Initiative (OAI), including 169
knees that were symptom-free
on most days at the time of OAI
enrollment but developed radio -
graphic OA (ROA) within four
years, and 1690 control knees
that did not develop ROA within
four years. ROA was defined by
the combination of a definite os-
teophyte and joint space nar-
rowing in the tibiofemoral com-
partment.

The researchers found that

the incidence of ROA was pre-
ceded by a trajectory of increas-
ing knee pain, stiffness, and dif-
ficulties with functional tasks that
was estimated to have lasted 25
to 30 months before the appear-
ance of ROA. Pain and difficulty
performing activities associated
with dynamic knee loading were
associated with longer prodro-
mal phases (eg, 39 months for
pain on twisting/pivoting vs 25
months for pain on standing). 

The findings were epub-
lished in April by Osteoarthitis &
Cartilage. —JBF
Source: 
Case R, Thomas E, Clarke E, Peat G.
Prodromal symptoms in knee os-
teoarthritis: a nested case-control study
using data from the Osteoarthritis Ini-
tiative. Osteoarthritis Cartilage 2015 Apr
2. [Epub ahead of print]

Continued on page 14
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cadavers had degeneration at
one level; 285 had degenera-
tion at all five lumbar levels. Of
the 516 with data, 152 had se-
vere DDD.

Linear regression analysis
revealed a significant associa-
tion between lumbar DDD and
tibiotalar osteoarthritis and that
“the presence of three or more
levels of lumbar DDD signifi-
cantly increased the possibility
of developing severe tibiotalar
osteoarthritis,” the authors
wrote. Logistic regression analy-
sis found that severe lumbar
DDD significantly predicted se-
vere ankle arthritis and vice
versa. The findings were pub-
lished in April by the online
journal American Journal of Or-
thopedics.

The authors, who did not
respond to LER’s interview re-
quests, postulated in the paper

that the lumbar DDD likely pre-
cedes the tibiotalar OA, writing,
“Because significant lumbar
disc degeneration has long
been known to result in both
spinal nerve and cord compres-
sion, we hypothesize that this
resultant neurocompression
promotes altered gait and trans-
lation of atypical forces to the
ankle and foot, thus predispos-
ing to the onset and/or progres-
sion of osteoarthritis.” 

Ram Haddas, PhD, director
of research at Texas Back Insti-
tute Research Foundation in
Plano, concurred.

“Which comes first, if you
ask me, I think it’s the lumbar
spine because the disc is usu-
ally the one that’s going to turn
first due to the intervertebral
disc hoop stress mechanism,”
Haddas said. 

However, he thinks the two

disorders are associated, but
not directly related, because of
mechanical disadvantages in
the structure of the spine com-
pared to the ankle. Also, he
added, forces on the spine ac-
tually come from above, from
stresses related to lifting tasks,
for example. 

“In my opinion, mechani-
cally, there’s not a direct rela-
tionship,” Haddas said.

Thomas C. Michaud, DC,
author of the textbook Human
Locomotion: The Conservative
Management of Gait-Related
Disorders, and a practicing chi-
ropractor in Newton, MA, pro-
posed several possible expla-
nations for the associations. 

“As the authors point out,
it’s impossible to say if the os-
teoarthritis in the ankle was the
result of spinal involvement 
reducing proprioception and

thereby negatively affecting
gait, or if long-term radicular
pain damaged motor output,
weakening the joints and accel-
erating the development of os-
teoarthritis. Or if people who
get back arthritis also get arthri-
tis in other joints,” Michaud said.

Haddas described the re-
search as “a nice correlation
study.”

“This is a first step and
needed to be done, and they
did a good job on that,” he said.
“The next step is to study live
people using a human motion-
capture system or biomechan-
ics lab.”  —LH
Source:

Boiwka AV, Bajwa NS, Toy JO, et al.
Lumbar degenerative disc disease
and tibiotalar joint arthritis: a 710-
specimen postmortem study. Am J
Orthop 2015;44(4):E100-E105.
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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
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Evidence supports the use of

foot orthoses for PFP, but

their mechanism of action is

not well understood. New

research suggests the effect of

orthoses on timing of frontal

plane moments may be an

important variable. 

Running is a common mode of physical activity due to its convenience, rela-
tively low cost, and positive impact on health.1 Unfortunately, the incidence of
lower extremity running-related injury has been reported to be as high as 79%,
with the majority of these events occurring at the knee joint.2

Patellofemoral pain (PFP) is the most common of these running-related
knee injuries. 

Although the etiology of PFP is considered multifactorial, it appears to be
related to abnormal alignment of the patella within the trochlear groove of the
femur, which leads to an increase in patellofemoral joint stress.3,4 Excessive
pronation of the foot is thought to contribute to this increase in patellofemoral
joint stress by promoting compensatory alterations in lower extremity mechan-
ics—such as increased internal rotation of the tibia and femur, adduction of the hip,
and abduction of the knee—that can disrupt normal mechanics of the patellofemoral
joint.3,5 The concept of a link between the mechanics of the foot and PFP is also
supported by the finding that clinical measures of increased foot mobility are risk
factors for the development of PFP.6,7

As a re sult of the possible link between foot
mechanics and injury risk, clinicians often
use foot orthoses designed to limit exces-
sive pronation in the management of

PFP.8,9 Clinically, foot orthoses have
shown some effectiveness at re-
ducing pain10,11 and improv- 
ing function11 in patients with PFP,
and they may hasten recovery in
the early phase of the condi-
tion.12 However, clinical and bio-
mechanical studies investi -
gating the effects of foot or-
thoses have used a variety
of custom and prefab -
ricated foot orthoses
with varying degrees
and locations of wedg-
ing.13-16 This makes
providing clear rec-
ommendations re-
garding orthotic
prescription and
design challenging. 
The lack of con-

sistency is likely the result of
an incomplete understand-
ing of the key variables that
need to be considered
when prescribing or de-
signing a foot orthosis. The
challenge in determining
these variables is most
likely due to the fact that
the mechanism of action by
which foot orthoses may fa-
cilitate improved clinical out-
comes for patients with PFP
is largely unknown.15,17 Ulti-
mately, the key to optimizing
orthotic design and prescrip-
tion lies in understanding their
underlying mechanism of action.

Mechanical and
clinical effects

Based on the theoretical relationship
between foot pronation and frontal plane
knee mechanics that may contribute to
the etiology of PFP,3 it would seem intu-
itive that in this patient population foot or-
thoses would significantly affect the

kinematics of the knee during dynamic ac-
tivities such as running. Multiple studies
have investigated these effects using a com-
bination of custom, semicustom, and prefab-
ricated orthotic devices with a relatively
conservative degree of wedging (< 6°) and
reported insignificant results on kinematic
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variables in the frontal plane.14-16,18 

The angle-time series from data collected in our lab is pre-
sented in Figure 1. The orthotic device used in this study was
prefabricated and had 5° of medial rearfoot wedging.15

From this figure it is apparent that the effect of the ortho-
sis across the entire phase of stance is consistently
less than 1°. These data, along with the findings of
previous studies, indicate the effects of a foot orthosis
on frontal plane knee kinematics appear to be small,
and likely both statistically and clinically insignificant.

From a mechanical standpoint, interventions to treat
or prevent PFP are often assessed in the context
of their influence on frontal plane mo-
ments.19,20 This is likely because a
2006 study by Stefanyshyn et al
found that increased knee abduc-
tion moments are risk factors for
PFP in both retro spective and
prospective analy ses.21 It
would seem logical that the
clinical effectiveness of a
foot orthosis could also
be defined in terms of its
ability to decrease these
net joint moments. 

Similar to studies in-
vestigating knee kine-
matics, studies investi-
gating the effects of foot
orthoses on frontal
plane moments have
also included prefabri-
cated, semicustom,
and custom devices
with varying degrees
and locations of posting
and wedging. Inter est-
 ingly, multiple studies have found that foot
orthoses were associated with increased
peak knee abduction moments,14,15,18

which does not support their use in a pa-
tient population with PFP. A recent study
published by researchers from our lab15 was
consistent with such previous reports, as
participants demonstrated an increase in
peak knee abduction moment with the appli-
cation of a prefabricated foot orthosis with 5º
of medial rearfoot wedging. 

However, such seemingly negative mechanical
effects have not necessarily been associated with negative
clinical effects—a conflict that may be best exemplified by a
2008 study by MacLean et al that investigated the short- and
long-term effects of a custom foot orthosis in patients with over-
use running-related injuries of the knee.14 Researchers did a bio-
mechanical analysis for these individuals with and without a
custom foot orthosis at a baseline session as well as after six
weeks of orthotic use. The patients reported a significant 
reduction in their symptoms during running, indicating the de-
vice had a positive clinical effect. During both the baseline and

follow-up sessions, however, participants demon-
strated a slight increase in the peak knee abduction
moment in the orthotic condition compared with the
control condition. From a mechanical standpoint, these
findings seem to be inconsistent. 

As previously mentioned, most studies investigating
the effects of foot orthoses on frontal plane mechanics
have used a fairly conservative degree of wedging (< 6º).
Only one study has investigated a more prominent in-
verted orthotic device that applied either 15° or 25° of me-
dial rearfoot wedging depending on the participant’s
standing foot posture. That study found a statistically signif-
icant, though relatively small (< 4°), increase in knee adduc-
tion with the application of the orthosis.16 These authors also
reported an increase in the knee abduction moment in the
inverted orthotic condition, a finding consistent with the
kinematic results. Unlike the results reported with more
conservative orthotic interventions, this aggressive interven-
tion does appear to influence frontal plane kinematics,
though the finding of an increase in the peak knee abduction
moment still does not support their use in patients with PFP.

The importance of timing
Whereas most investigators have chosen to study the effects of
foot orthoses on the magnitude of frontal plane moments, we
recently reported that the application of a prefabricated foot
orthosis with a 5° medial rearfoot wedge was associated with
a significant delay in the timing of the peak knee abduction
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moment during the stance phase of running.15 The effects of foot or-
thoses on the peak knee abduction moment, as well as the timing of
the peak knee abduction moment collected in our lab, are shown in
Figure 2. It is apparent in this figure that the peak knee abduction
moment is greater in the orthotic conditions, but also shifted to later
in stance.

Our results are consistent with a 2003 study by Mundermann
et al that compared the effects of custom orthoses (with posting,
molding, or a combination of both) to flat inserts.13 For each orthotic
condition, these authors reported a significant delay in the timing
of the peak knee abduction moment.13 This finding may be related
to the aforementioned clinical effects, as delaying the peak knee

Continued from page 19

Continued on page 22

Figure 1. Knee frontal plane angle-time series for 31 recreational runners during run-
ning under baseline and orthotic conditions. (Adapted from reference 15.)

Figure 2. Knee frontal plane moment-time series for 31 recreational runners during
running under baseline and orthotic conditions. (Adapted from reference 15.)
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abduction moment would effectively decrease the rate of loading
at the knee joint. The rate of loading has been previously implicated
as a possible contributing factor in running-related overuse in-
juries,22,23 as runners with a history of injury have demonstrated a
higher rate of loading of the vertical ground reaction force than run-
ners with no history of running-related injury.23

Although the findings of our study,15 as well as those of Mun-
dermann et al,13 are certainly interesting, it is important to note that
neither included an injured population. As a result, the relevance of
these findings in relation to the mechanism of action responsible
for positive clinical effects of orthoses in patients with PFP will need
to be established. 

Most investigators studying the mechanical effects of foot or-
thoses on PFP have chosen to focus on the knee. However, one study
also looked at the effects of orthoses on the frontal plane mechanics
of the hip.18 This was an important contribution as increased hip ad-
duction has been proposed to alter patellofemoral joint mechanics,3

and it has also been reported that patients with PFP demonstrate sig-
nificantly greater hip adduction angles across a variety of dynamic
tasks.24 These authors reported that the orthosis did not significantly
affect peak hip adduction angle, but they did report a significant re-
duction in hip adduction range of motion with application of a prefab-
ricated foot orthosis with a 6° medial rearfoot wedge.

Theoretically, this reduction in hip adduction would reduce
patellofemoral joint stress;3 however, though this finding was statis-
tically significant, the decrease in hip adduction range of motion as-
sociated with the orthosis was less than 1°.18 It is possible but
unlikely that an effect of this magnitude would explain the reported
clinical improvement associated with foot orthoses in patients with

Continued from page 20
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PFP. This study also reported that the same orthotic device had no
effect on peak frontal plane hip moments. Together, these results
indicate that a relatively conservative orthotic intervention has min-
imal effects on hip mechanics.

Other possible mechanisms
Although the idea that foot orthoses have significant effects on
frontal plane mechanics seems logical, there appears to be little ev-
idence to establish the relationship between these mechanical ef-
fects and the clinical benefits reported previously by individuals with
PFP. This has led some authors to propose that the benefits of foot
orthoses may be unrelated to their mechanical effects.17,18 A 1999
review paper by Nigg et al highlighted this theory, with the authors
proposing that the key function of a foot orthosis may be related to
variables such as improved sensory feedback and altered muscle
activity.17 This is an interesting concept and is supported by studies
that have used electromyography (EMG) to analyze muscle activity
of the lower extremity with the application of foot orthoses.25,26

For example, a 2005 study by Hertel et al found increased ac-
tivity of the vastus medialis and gluteus medius during a single-leg
squat and lateral step down task for an orthotic condition compared
with baseline.26 Both of these muscles are thought to be important
in PFP. The gluteus medius is an abductor of the hip, and, as a result,
may contribute to the reductions in hip adduction associated with
foot orthoses in patients with PFP reported by Boldt et al.18 The vas-
tus medialis is also important in PFP, as it prevents lateral tracking
of the patella within the femoral groove.

Perhaps the most interesting aspect of the study by Hertel et
al is their finding that this increase in muscle activity was associated
with both medially and laterally wedged foot orthoses.26 Although
medial wedges are often prescribed for patients with PFP, if the true
mechanism behind the beneficial effects of a foot orthosis is to alter
muscle activity, the location of the wedging may be less important
than providing key sensory input to the plantar surface of the foot.
This idea does have some biologic plausibility, but other studies
using EMG to investigate the effects of foot orthoses on similar mus-
cles have reported no significant orthotic effects during more dy-
namic tasks such as running.27,28 A systematic review has
highlighted the need for future studies to investigate any possible
changes in muscle activity in groups with lower extremity
pathology.29

Another theory suggests that there are subgroups of patients
with PFP who would benefit from an orthotic intervention.30,31 Barton
et al, for example, developed a preliminary clinical prediction rule
(CPR) to identify patients with PFP who have a greater likelihood of
a successful outcome when using a prefabricated foot orthosis.31

Fourteen of the 60 patients included in their single-arm study re-
ported feeling “markedly better” after 12 weeks of orthotic use, and
the researchers included four predictors in the final CPR. 

Barton et al’s CPR certainly requires validation before it is used
clinically, but it does lend support to the notion that there may be a
subpopulation of patients with PFP that may specifically benefit from
orthoses. It is certainly possible that orthoses may have a different
mechanical effect in this subgroup that leads to them experiencing
clinical benefits. This has not been addressed in previous studies
analyzing the mechanical effects of foot orthoses and should be 
investigated.

Continued on page 24
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Continued from page 23

References are available at 
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scanning the QR or tag 
codes at left.

Conclusion
There is evidence to support the use of foot orthoses in the man-
agement of PFP, especially in the short term. However, providing
clear guidelines on the prescription and design of these devices is
difficult due to a poor understanding of their mechanism of action.
From a mechanical perspective, foot orthoses appear to significantly
increase peak knee abduction moment, which does not support
their use in the management of PFP. However, there is also evidence
that they shift the timing of this peak to later in stance, though the
clinical implications of this finding have not been established. 

It is also possible that other mechanisms, such as the effect of
orthoses on lower extremity muscle activity, may contribute to their
clinical benefits. An important next step for orthotic research may
be to compare the biomechanics of individuals who benefit clinically
from foot orthoses with those who do not to identify key character-
istics associated with improved clinical outcomes. 
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My husband Phillip and I used to live in Manhattan Beach, CA, a
charming and affluent coastal town just south of Los Angeles. We
resided two blocks from the wide, sandy beach. We took advantage
of The Strand—a pair of concrete pathways that run for about two
miles in front of many multimillion-dollar homes. One path is re-
served for bikes and other wheeled toys, like roller blades and
skateboards. The other path is for pedestrians. 

In a place like that, with palm trees dotting the landscape and
the Pacific Ocean as the backdrop, it’s pretty hard to come up with
excuses not to exercise. I would bike, rollerblade, run, and walk sev-
eral times a week, often in an effort to drop weight. As a former
gymnast, I had experienced my share of injuries, but exercising had
never resulted in any major physical ailments.

Less than a year after we were married, I received a job offer
in San Diego, and we moved to La Jolla, another beach town. There,
we would run together on the beach at low tide. Mostly, I would run
barefoot. Other times, we would run through the winding, hilly
neighborhoods of Bird Rock, admiring the varied architecture of
more multimillion-dollar homes. 

First symptoms
But not long after our runs would finish, I noticed the bottom of my
right heel would start to ache. Sometimes, the pain would extend

to my arch. When the discomfort became persistent, I knew I
needed to get it checked out. My primary care doctor referred me
to a podiatrist in the Division of Orthopedic Foot and Ankle Surgery
at Scripps Clinic Medical Group in Rancho Bernardo, CA.

The podiatrist diagnosed me with plantar fasciitis. He recom-
mended not running barefoot on the beach. He told me to ice my
heel after working out. He gave me stretching exercises and said
to roll my foot over a tennis ball. He treated me with corticosteroid
injections and recommended oral anti-inflammatory medications
and prefabricated functional orthoses (open-cell polyurethane foam
[PPT] orthoses). The measures seemed to be successful in relieving
my heel pain in just a few weeks. 

As my life changed over the next few years, so did my exercise
habits. Phillip and I bought a house and moved inland. We had two
children over three years. My easy access to oceanfront exercising,
as well as its appeal, dried up. I still would exercise—usually
rollerblading while pushing a jogging stroller around a lake—but cer-
tainly not with the consistency I once had. The heel issue was, how-
ever, still at bay.

Recurrence, with a vengeance
Fast-forward seven years. Fueled by another weight-loss resolution,
I started exercising again. I was walking hills, climbing steps, and
running on a treadmill. But about four months after I resumed work-
ing out, the ache in my right heel returned. The hills seemed to
make my condition worse. Then one morning, upon waking, I
pushed the sheets back and swung my legs over the side of the
bed. My feet hovered above the hardwood floor. I had no idea the
next moments, as my right heel made contact with the floor and I
attempted to take a few steps, would result in the most excruciating
pain I had ever felt. The pain was sharp and stabbing. I figured the
thick ligament that spans from the heel bone to the metatarsal
heads had pulled or torn. 

As the day wore on, the pain would become more bearable.
But at rest, the tissue would contract, and the whole process would
be repeated the next morning.  

I could no longer ignore the excruciating condition I had been
dealing with for two months. Seven and a half years after I was first
seen for plantar fasciitis, I presented to the same podiatrist as a 42-
year-old with recurrent plantar fasciitis. At the time, I was still using
the PPT devices I had purchased years earlier. 

I requested my medical records, including operative and proce-
dure reports and progress notes, for this column. In those records, the
podiatrist wrote: “There was focal tenderness to the plantar fascia in-
sertion to the calcanei. There was no pain with calcaneal compression.
She functions moderately hyperpronated in stance and gait. No sig-
nificant edema, erythema, or temperature changes noted on either
foot. Neurovascular status is grossly intact.”

His assessment was that I had plantar fasciitis. He recom-
mended the use of motion-control shoes and arch supports. He also
suggested calf-stretching exercises, ice massage after activity, and,

A long, frustrating search
for plantar fasciitis relief

After a year of ineffective conservative 
interventions and two denials of coverage
for custom foot orthoses, seeking a second
opinion finally led to pain relief.

    

By P.K. Daniel



but I was still in pain.    
Sometimes my job as a copy editor found me standing on my

feet on a hard surface for a prolonged period of time. Other times,
my job required me to sit at a computer, sometimes for hours at a
time. When I would get to a stopping point—usually after deadline—
I would dread what would come next. I knew the burning pain of
the first few steps would be barely tolerable.

Frustration
I dutifully returned to the podiatrist six weeks later. He again noted
“focal tenderness at the plantar fascia insertion on the right and no
pain with calcaneal compression.” He again said there was “no sig-
nificant edema, erythema, or temperature change.” 

I expressed my frustration at the lack of improvement. I also
was having difficulty with the over-the-counter arch supports. The
supports limited the type of shoes I could wear. They would also
slip inside my shoes. The doctor put in for an authorization for cus-
tom foot orthoses. He also ordered a night splint. He gave me a cor-
ticosteroid injection. I was scheduled to return for a follow-up
appointment in three weeks.

The night splint I received is a bilateral spring-loaded tensioning
device to help increase joint range of motion (ROM) due to short-
ened connective tissue. I had to sleep with this heavy, metal con-
traption with protruding parts. It was uncomfortable and potentially
dangerous for my husband, as I had difficulty turning over in bed
with this thing on my leg. 

After three weeks, I returned and reported my heel pain was
approximately 20% improved. In his report, the podiatrist described
me as “having tolerated the [splint] relatively well.” However, that is

Continued from page 27
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again, to avoid barefoot running. I was told to return for a follow-up
visit in six weeks, at which time a corticosteroid injection would be
considered.

I had not run barefoot for years, so that wasn’t an issue. I dis-
continued walking hills. I gave up wearing Keds, a shoe that in ret-
rospect wasn’t providing me enough support. I invested in an
expensive pair of supportive Mephisto sandals. I was religious about
icing after walking. I rolled my foot over a tennis ball. I did the
stretching exercises prescribed. I did everything I was told to do,

Climbing steps was one of the activities that seemed to spur the recurrence of the
author’s plantar fasciitis. (Photo by Karen Beaumont.)



not my recollection. While he had recommended custom orthotic
devices, my insurance carrier denied coverage. I did not have sub-
stantial improvement with the corticosteroid injection. I also was
complaining of rather severe lateral pain in my right leg.

The podiatrist noted “tenderness in the peroneal muscle belly
on the right. Plantar fascia insertion is focally quite tender with pal-
pation. There is no pain with calcaneal compression. Dorsiflexion at
the right ankle is approximately 10° in the extended position. She
has very poor motion control.”

His assessment: “Recalcitrant plantar fasciitis. Peroneal muscle
strain secondary to first ray instability.”

The plan: “The importance of custom orthotics to stabilize the
medial column of the foot was again emphasized. She will appeal
the denial of custom orthotic coverage. I have also encouraged con-
tinued use of the [night splint] and calf stretching in addition to ice
massage and the use of Aleve as needed. She will return for follow-
up of orthotic casting once her appeal has been processed.”

Second opinion
My appeal for custom orthoses was denied. After dealing with the
plantar fasciitis issue for several months and seeing only a modicum
of improvement from the various treatments, I decided to seek a
second opinion. I made an appointment with Gregory Clark, DPM,
who heads the Podiatry Division in the Department of Orthopedic
Surgery at the Scripps inic in La Jolla, CA. 

He and I discussed the significant pain on the plantar aspect
of the right foot, which he confirmed was insertional plantar fasciitis.
I told him how I had previously responded to the use of orthoses
and injections of local anesthetic and steroids. In fact, I had done
relatively well since my first bout until I experienced this recurrence
that began approximately one year earlier.

According to his assessment, I had exquisite sensitivity on the
plantar aspect of my right heel, which was present during ambula-
tion, as well as when returning to activity following rest. I could not
relate a history of trauma to the onset of this condition.

I exhibited significant hypersensitivity with palpation to the plan-
tar medial aspect of the right heel at the area of the medial cal-
caneal tuberosity. There was no evidence of edema, erythema,
ecchymosis, or other sign of injury at this point. The vascular status
of the foot was normal, Clark said, and neurologic status was intact.
He noted a relatively mild cavus foot type and no evidence of bony
abnormality on radiographs.

We spoke at length about the nature of my condition. We talked
about the interventions that had been utilized to that point, which
he described as fully reasonable and appropriate. Although I no
longer engaged in barefoot running, the subject came up. Like the
first podiatrist, Clark was not a fan. 

“Barefoot running may work for a well-conditioned athlete who
is acutely in tune with his body and can make the needed adjust-
ments and adapt his gait and running style,” Clark told the Union-
Tribune San Diego in a May 11, 2010, article. “However, for the
casual runner who’s 45 years old and 30 pounds overweight, run-
ning barefoot, especially if the proper (precautions) aren’t taken,
could end up being a problem. Running barefoot or with some kind
of minimalist shoe should be done with significant caution.”

A different approach
We also discussed the failure of the alternatives used and the op-
tions of cast immobilization versus surgical percutaneous plantar
fascia release. We decided to make use of a short-length walking
cast. However, I would have to return at a later date when I had a
driver to accompany me. I came back to the office a week or so
later, and an orthopedic technologist applied neon pink Fiberglass
casting tape. 

It didn’t take long to adjust to walking in the cast. I probably
wasn’t supposed to drive with it on, but three weeks is a long time
to be dependent on someone else for transportation. When the time
was up, I was eager to return to the doctor’s office for its removal. I
recall expressing optimism that the chronic and persistent pain in
my foot would be completely resolved. However, the real test would
come when I ambulated on the foot without the cast in place.

Clark observed upon removal of the cast that there was no ev-
idence of edema, erythema, ecchymosis, or other injury to the heel.
There also was no significant tenderness with palpation on the plan-
tar medial aspect of the heel at this point. I was also able to walk on
my heel without any discomfort.

After the removal of the cast, the plan was for me to very grad-
ually return to normal shoes and activity. I was advised to return to
Clark’s care as needed. Nearly eight years later, I have had no need
to return. While once in a long while, I will get a twinge in my right
arch or heel that will momentarily alarm me, I have not had a recur-
rence of plantar fasciitis. Granted, I now avoid running and hills, but
I do walk fairly regularly. While running helped me to lose weight, I
never enjoyed it, even with the ocean views. In fact, I mostly hated
it. And because of those recurrent episodes of plantar fasciitis, why
would I ever chance it?  

In retrospect
Looking back, when it became clear that custom foot orthoses
weren’t going to be covered by my insurance carrier, and that I
wasn’t going to pay $400 to $600 for them, I wish the first podiatrist
had come up with an alternative treatment plan. I also wish he had
offered me the option of casting. I wasn’t even aware that it was a
possibility. But, because I wasn’t getting resolution with the various
treatment options he offered, I felt I had to consider a second opin-
ion. I am thrilled that I did. 

Clark listened to me. He saw that we had already tried the stan-
dard treatments. He offered me a potential fix that I was eager to
try. Being in a short walking cast for three weeks was a small price
to pay for years of relief from a problem that had hounded me and
significantly impacted my quality of life. 
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Now, when the author returns to the beach, it’s for shod walking rather than barefoot
running. (Photo by Karen Beaumont.)



medi. I feel better.igliusa.com

            carbon insoles for 
active patient’s feet.

®

igli controligli control

Maximum
control
with long,         
carbon clip

igli control insoles enable individual, targeted guidance of the foot. 
The flexible carbon core provides the foot with dynamic support 
without restricting its natural mobility.



Conference coverage: 7th
ACL Research Retreat

Anterior cruciate ligament injury experts
met in Greensboro, NC, to examine the ex-
tent to which biomechanics and other
less-familiar factors—including joint laxity,
fatigue, neurocognitive function, and ge-
netics—may contribute to noncontact 
injury risk.

By Jordana Bieze Foster

Despite the unquestionable success of a number of different ante-
rior cruciate ligament (ACL) injury prevention programs, researchers
have yet to design an intervention that can prevent noncontact ACL
injuries in all athletes. One reason for this, experts in the field be-
lieve, is that the variables that contribute to increased ACL injury
risk extend beyond the realm of biomechanics. 

At the 7th ACL Research Retreat, held in March in Greensboro,
NC, researchers and clinicians examined the growing body of evi-
dence that factors including joint laxity, fatigue, neurocognitive func-
tion, and genetics may contribute to injury risk—and what the clinical
implications of that research might prove to be.

“I think we have to take a step back and say, ‘What’s the bigger
picture?’ and start whittling down that way. I was glad to see more
of a mix of discussion topics, not just biomechanics,” said Christo-
pher Powers, PhD, PT, codirector of the Musculoskeletal Biomechan-
ics Research Laboratory at the University of Southern California in
Los Angeles.

The multifaceted nature of the discussion at the research re-
treat reflects something of a philosophical evolution, said Sandra
Shultz, PhD, ATC, professor and chair of the Department of Kinesi-
ology at the University of North Carolina (UNC) at Greensboro. 

“I think that’s where we have advanced, in our understanding
that one factor alone is not predictive of ACL injury,” Shultz said. 

Multiple bullets
In the keynote lecture that opened the research retreat, Bruce Beyn-
non, PhD, professor and director of research in the Department of
Orthopaedics and Rehabilitation at the University of Vermont Col-
lege of Medicine in Burlington, noted that a shortcoming of the ACL
injury risk literature is that too many studies focus on just one risk
factor. 

“The argument is that it’s one bullet that gets you. I don’t think
that’s true. I think it’s multiple bullets that get you,” Beynnon said. 

Beynnon presented the preliminary unpublished results of a
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large-scale case-control study of athletes from 28 high schools and
eight colleges, in which multivariate analysis identified combinations
of risk factors that were most predictive of ACL injury. Interestingly,
anterior-posterior knee laxity was the only risk factor common to
both genders. Posterior knee stiffness, navicular drop, and standing
Q angle were also associated with injury risk in male athletes; body
mass index and having a parent with a history of ACL injury were
the associated factors for female athletes. 

“The risk factors were different for male athletes and female ath-
letes. To me this suggests that different mechanisms are involved, and
different interventions may be required,” Beynnon said. “It will be in-
teresting to verify these risk factors in an independent sample.”

The findings are more interesting when juxtaposed with those
of a previous study from Beynnon’s group, published in the Septem-
ber 2012 issue of the American Journal of Sports Medicine, that
suggest the biomechanical variables that are the focus of most ACL
injury prevention programs may not actually be predictive of injury
in female athletes.1 From an initial pool of 1855 female high school
and college athletes, the researchers analyzed 20 athletes who suf-
fered ACL injuries and 45 who did not, based on a clinical algorithm
designed to predict the probability of elevated knee adduction mo-
ment (pKAM)—an algorithm that included knee valgus motion, knee
flexion range of motion, body mass, tibial length, and quadriceps-
to-hamstring strength ratio.2 They found that pKAM was not signifi-
cantly associated with incidence of ACL injury.

The findings of these two studies, coupled with the fact that
multiple ACL injury prevention programs have in fact been associ-
ated with significantly reduced rates of ACL injury,3-6 underscore the
idea that prevention strategies do not necessarily need to reflect
the specific mechanism (or multiple mechanisms) underlying ACL
injury, Beynnon said. 

“You don’t have to intervene for the specific risk factor you’re
studying,” he said. 

Consider the context
And, because multiple research retreat presentations highlighted
the probability that many factors outside the realm of biomechanics
contribute to ACL injury, discussion among the attendees explored
the possibility that biomechanical risk factors should be considered
in the context of other types of variables, including joint structure,
laxity, fatigue, neurocognitive factors, and genetics.

“If you take one biomechanical pattern and overlay it on a per-
son with a genetic disposition to ACL injury, it’s going to look differ-
ent from someone who doesn’t have that disposition,” Powers said.
“We can’t assume that valgus or any movement pattern affects every
person the same way.”

A study from the University of Waterloo in Canada presented
at the retreat illustrated this concept.7 Investigators collected data
on sagittal plane kinematics and forces during single-leg landing
from seven healthy recreational athletes, then applied those vari-
ables to five cadaver knee specimens and measured the resulting
ACL strain. 

Overall, the findings suggested that landing softly, by increasing
hip and trunk flexion, was associated with lower ACL strain. But one
of the five cadaver knees had a particularly high tibial slope, and
that specimen experienced higher levels of ACL strain than the oth-
ers no matter which kinematic profile was applied, said Naveen
Chandrashekar, PhD, an associate professor in the Department of

Mechanical and Mechatronics Engineering at the university, who
presented the findings at the research retreat.

Fatigue and laxity
One potential nonbiomechanical risk factor for ACL injury that may
be easier to modify than tibial slope is fatigue. Published research
has documented that lower extremity injury rates in soccer players
tend to be higher at the end of each half of a match than at the be-
ginning,8,9 and that prolonged exercise is associated with biome-
chanical changes that are likely to increase ACL injury risk.10

A study from Quinnipiac University in Hamden, CT, that was
presented at the retreat continued that line of investigation, assess-
ing the effect of prolonged activity on synchronicity of movement
during cutting in 19 healthy female collegiate soccer players.11 Each
athlete repeatedly ran through a T-shaped obstacle course at max-
imum speed until two consecutive runs failed to reach the average
baseline time, after which two additional trials were performed to
assess postfatigue mechanics. 

The researchers found that coordination between the hip and
knee in the sagittal and frontal planes became more synchronous
with prolonged activity. This suggests a reduced ability to adapt to
perturbations or other environmental factors, which in turn suggests
an increased risk of injury, according to Taylor Payne, a graduate
student in the Department of Physical Therapy at the university, who
presented the findings at the research retreat.

Studies suggest that a re-warm up at halftime of a soccer match
can help negate the performance deficits associated with fatigue,12,13

but research from Liverpool, UK, presented at the retreat found no
similar benefit of a halftime re-warm up on biomechanical variables
associated with ACL injury risk.14

Shultz and her colleagues at UNC-Greensboro found in a re-
cent study that the biomechanical effects of fatigue associated with
increased ACL injury risk appear to be moderated by knee laxity.15

Although knee laxity itself may be difficult for many clinicians to as-
sess, another study presented by Shultz at the retreat suggests that
patient-reported knee function may represent a way to help identify
individuals with excess posterior knee laxity.16

In 40 healthy, active college students, the Greensboro re-
searchers found that lower scores on the Knee Outcome Survey
were associated with greater posterior knee laxity, along with less
relative valgus laxity in women and less eternal rotation laxity in
men. 

“Posterior knee laxity has been largely ignored, including by
us,” Shultz said. “This finding suggests there may be a point at which
you perceive you’re not functioning well. If we could pick this stuff
up in a survey, wouldn’t that be awesome?”

Brain games
With the heightened public awareness of concussion in recent
years, it’s not surprising that, as ACL injury research ventures be-
yond biomechanics, one of the new investigative trails being blazed
involves the brain. Two studies have reported that a history of con-
cussion is associated with increased risk of musculoskeletal injury
in athletes,17,18 and researchers from the University of Delaware in
Newark found that athletes with low baseline neurocognitive scores
were more likely to suffer an ACL injury than those with higher
scores.19 

The Delaware group has gone on to look at the effects of
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neuro cognitive alterations—in response to perturbations or distrac-
tions, for example—on muscle stiffness as a potential risk factor for
injury. 

“As we are challenged with different tasks, the brain is con-
stantly tuning muscle stiffness,” said Charles (Buz) Swanik, PhD, ATC,
director of the Biomedical and Movement Science Program at the
university, in a keynote lecture at the retreat.

In a study epublished last fall, Swanik and colleagues assessed
36 healthy individuals as they resisted a knee flexion perturbation,
and found that an acoustic startle 100 ms prior to the perturbation
was associated with an immediate increase in knee stiffness and
decreased quadriceps muscle activation.20 The increased stiffness
may increase external knee moments, which in turn could increase
injury risk, Swanik said.

These types of connections between the brain and the lower
extremity appear to be even more compromised in patients recov-
ering from an ACL reconstruction, according to two studies pre-
sented at the retreat.21,22

Investigators from the Ohio State University in Columbus ana-
lyzed eight controls and eight patients who were six months re-
moved from ACL reconstruction as they performed knee
flexion-extension exercises while simultaneously undergoing diffu-
sion tensor imaging of the brain, using 3-Tesla magnetic resonance
imaging.21 The images revealed that the injured athletes demon-
strated greater activity than the controls in the right anterior tem-
poral pole, an area of the brain associated with visual feedback and
memory, which in turn influence motor control.

“It’s almost as if the knee motor cortex is reaching out to this
area of the brain to get more feedback. They’ve lost this sensory
input, and are trying to compensate any way they can,” said Dustin
Grooms, Med, ATC, CSCS, a doctoral student in the health and re-
habilitation sciences program at the university, who presented the
findings in Greensboro.

This lack of feedback may affect the rate of force development,
which was the subject of a study from the University of Salford in
the UK comparing female patients who had undergone ACL recon-
struction and controls.22 The injured patients had greater between-
limb symmetry than controls for peak force and rate of force
development during an isometric midthigh pull and a 10-hop test.

“Rate of force development is a key element in explosive mus-
cle action, rapid movement, and the ability to react to perturbation,”
said Lee Herrington, PhD, MSc, MCSP, SRP, CSCS, a senior lecturer
in sports rehabilitation at the university, who presented his group’s
findings at the research retreat. “We probably need to consider force
generation capacity in our rehab protocols.” 

Feedback and gender
Making the picture even more complex, two other studies pre-
sented at the retreat suggest that neurocognitive processes may
differ between men and women.23,24

Investigators from the University of Virginia in Charlottesville
assessed trunk stability and neurocognitive performance on the
Concussion Resolution Index in 37 healthy college-aged recre-
ational athletes.23 They found that processing speed was moderately
to strongly correlated with trunk stability in the male participants,
but found no correlations between neurocognitive performance and
trunk stability in the female participants.

The findings suggest that male athletes may be more reliant

than female athletes on visual processing, said Daniel C. Herman,
MD, PhD, now an assistant professor in the Department of Ortho-
pedics and Rehabilitation at the University of Florida in Gainesville,
who presented the findings at the research retreat.

A study from the University of Groningen in the Netherlands
also demonstrated a difference between men and women with re-
spect to visual processing.24 Ninety experienced basketball players
were randomized to receive internally focused feedback (verbal in-
structions), externally focused feedback (watching video of their
own best performance), or no feedback (controls) about sidestep
cutting technique. The men in the external focus group had greater
vertical ground reaction forces, knee flexion moments, and knee
flexion angles than the women or the men in the other groups. 

The results suggest that men benefit more from visual feedback
than women, and that women may require different feedback tech-
niques for neuromuscular training, said Anne Benjaminse, PT, a doc-
toral student in the Department of Human Movement Sciences at
the university, who conducted the study for her dissertation and pre-
sented the findings in Greensboro.

The gene scene
The research on neurocognitive aspects of ACL injury is certainly
still preliminary, but the final frontier in this line of study may well
be genetics.

Separate studies presented in Greensboro reported that the
AG and GG genotypes of the rs970547 polymorphism of the
COL12A1 gene are under-represented in individuals who have had
ACL injuries,25 and that variants within the CASP8 gene are posi-
tively associated with ACL injury.26

The extent to which these genetic predispositions actually
translate to injury risk remains to be seen, but athletes appear to
be interested in the possibilities even at this early stage. In a study
published in late April by the online journal PLoS One, 14 triathletes
were screened for the presence of a number of genetic markers as-
sociated with injury risk, including four markers for ACL injury.27 All
but one of the athletes reported sharing their genetic information
with coaches, trainers, physicians, and/or teammates. And, of the
12 athletes who received recommendations for training modifica-
tions based on their genetic data as part of the study, eight actually
did modify their training.

But Malcolm Collins, PhD, professor and head of the Depart-
ment of Human Biology at the University of Cape Town in South
Africa and one of the leading researchers on the genetics of mus-
culoskeletal injury, emphasized in a keynote lecture in Greensboro
that the genetics of ACL injury represent only a small piece of a very
complicated puzzle. 

“I personally believe that genetics is not an independent risk
factor, but rather plays a role in mediating other risk factors for ACL
injury,” Collins said.  
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Dual-task gait: The potential
influence of orthotic devices

Clinicians know walking while performing
a secondary task can be particularly diffi-
cult for elderly patients or those with 
neuromuscular impairments. But new 
research suggests the use of orthotic 
devices may improve dual-task gait, which
could significantly improve quality of life.

By Cary Groner

People are natural multitaskers. We can walk and chew gum, in fact.
We swim and count strokes, sit and count breaths, eat and count
calories. And how we talk: We gab while doing chores, gossip while
jogging, yak while driving, whisper during movies. We discuss pen-
sion plans while piloting commercial airliners and overshoot our
destinations by a hundred miles. Communication and related cog-
nitive tasks are so important to personal happiness and social co-
hesion that we’ve evolved to integrate them into almost anything
we do, especially while getting around.

Perhaps not surprisingly, research suggests that ambulation in-
cludes a cognitive component that involves allocating attention to
environmental factors.1,2 Anyone who’s inadvertently chest-butted
a parking meter while walking and talking with a comely companion
knows how it feels when that attention is poorly distributed. It hurts.

But for some people—kids with neuromuscular disease, the eld-
erly, or those recovering from stroke, for example—that type of hurt
can become routine, because maintaining any sort of stable gait re-
quires so much attention that secondary tasks become dangerous
distractions. As a result, any strategy to help stabilize or improve
gait could, theoretically, offer more than immediate biomechanical
advantages; it might also normalize interpersonal interactions and
make socializing easier.

Until recently, however, there was scant evidence to quantify
the effects of a more stable gait on secondary tasks such as count-
ing or conversation. But this February, a team of Chicago re-
searchers presented a paper at the annual meeting of the American
Academy of Orthotists & Prosthetists in New Orleans showing that
ankle foot orthoses not only were associated with improved gait pa-
rameters in children with myelomeningocele (MMC, the most se-
vere form of spina bifida), but also were associated with enhanced
performance on a simultaneous counting task.3

The researchers recruited 18 kids aged between 7 and 13
years who had MMC, fit them with custom solid AFOs, then as-
sessed them two weeks apart. On the first visit, the participants
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walked with shoes, but without AFOs, under two conditions: just
walking, or walking while performing a counting task (the counting
was also done as a single task to establish a baseline). On the sec-
ond visit, the children repeated these tasks (the order was random-
ized) while wearing AFOs. 

“We were really taking the first step in examining kids with spina
bifida to see what happens to their performance in these dual
tasks,” said Nikta Pirouz, CPO, who practices at the Anne & Robert
H. Lurie Children’s Hospital of Chicago. 

Pirouz and her coauthors told LER that they were interested in
helping determine the extent to which AFOs might have more than
a biomechanical effect.

“Can they facilitate more meaningful social relationships, better
performance in school, quality of life issues we might not normally
think about as orthotists or therapists?” Pirouz asked. “Our overall
goal is to provide our patients with a more efficient gait, and there
are many ways to do that—balance, stability, alignment, pain reduc-
tion. And, if you’re able to increase their gait efficiency, in theory
you should see an improvement in a dual task while they’re walking
with their device, as an indirect measure of that increase.”

The researchers reported that velocity and stride length in-
creased significantly when participants wore the AFOs, both when
walking and when the secondary task was added. But the AFOs 
didn’t just affect gait; counting performance also significantly im-
proved. Both response rates and rates of correct response got bet-
ter, and dual-task counting performance approached single-task
levels. The authors suggested that the increase was likely due to
the AFOs reducing the attentional demands of walking, freeing up
cognitive resources for other activities. Moreover, the children pri-
oritized the counting task, preserving performance in that realm

even when velocity suffered.
Pirouz’s coauthor, Tasos Karakostas, MPT, PhD, associate direc-

tor of the Clinical Motion Analysis Center at the Rehabilitation Insti-
tute of Chicago, explained that the theory underlying the research
has to do with attention, which is related to the brain’s executive
function. 

“There is more work to be done, but the data suggest that an
AFO can have a cognitive effect on performance,” he said. “The
AFO seems to be tapping the attentional component of the execu-
tive function, though that function involves the integration of a num-
ber of things.”

Despite the promising findings, Pirouz noted that interpreting
the team’s results presents demands.

“The next step is for us to more fully understand the mecha-
nism, how AFOs affect attention, if they really do,” she said. “There
are so many different gait variables that it’s going to take time. For
example, in our study we found that velocity increased with the use
of AFOs, but that it was driven by cadence in the dual task and by
stride length in the single task. Interpreting that is a challenge, but
that’s the path we want to go down so we can better understand
what’s going on.”

Stroke patients
Other researchers are conducting similar investigations. For exam-
ple, scientists in Nova Scotia enrolled 21 individuals with poststroke
hemiplegia and evaluated the effects of an AFO on dual-task gait
(velocity, step length, swing time) as well as on a secondary counting
task.4

The lead investigator, Kim Parker, MASc, a rehabilitation engi-
neer with the Capital District Health Authority in Halifax, told LER
that her concerns are similar to those that interested Pirouz and her
colleagues, though in a different patient population.

“People who have foot drop after a stroke have to concentrate
so they don’t trip,” Parker said. “We wanted to know what gets sac-
rificed in that [dual-task] situation; is it motor control, or the cognitive
task, or both? We thought that if we introduced a dual task, we’d be
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able to show more measurable benefits of having an AFO.”
Parker said the data have not been fully assessed, but preliminary analysis indicates that AFO use

was associated with improvement in the measured gait parameters under both single- and dual-task
conditions. It didn’t significantly affect performance of the secondary task, however. She acknowledged,
like Pirouz, that these results invite further inquiry.

“I was surprised that we didn’t pick up a difference in accuracy or reaction times [in the counting
task],” she said. “I thought that, without the brace, their cognitive test would decline, but it didn’t, and
I’m not sure why.”

A colleague of Parker’s who collaborated on the study, Gail Eskes, PhD, of Canada’s Dalhousie Uni-
versity in Halifax, emphasized that such results shouldn’t be considered an experimental failure.

“I wouldn’t take that as a negative,” she said. “I would interpret it that they were able to walk with
an AFO and not be affected by the dual task.”

Eskes, a neuropsychologist, has investigated the nature of cognitive-motor interference in depth.  
“We’re always struggling with whether anything we do in the lab is going to relate to the challenges

patients have when they leave the hospital and go back to their daily lives,” she said. “When I first got
involved with this study, my concern was whether dual tasking would make walking with an AFO harder.
I think that if walking isn’t hurt by the dual task, then you’re doing really well; it suggests that there’s
plenty of attention for both things, that you’re doing it fairly normally.”

Cerebral palsy 
One explanation for such disparate results may be simply that the patient populations studied are so
heterogeneous. What applies to individuals with spina bifida may not apply to those with poststroke
hemiplegia. Researchers must contend with such variables in both experimental design and interpreta-
tion of results.

In conditions such as cerebral palsy (CP), for example, there isn’t yet any dual-task literature about
AFOs and gait, but there are studies that look at dual tasking and postural control. In a 2008 paper
published in the Archives of Physical Medicine and Rehabilitation,5 researchers at the University of Ore-
gon in Eugene investigated the interference between a secondary task and a postural task in eight 



children with CP aged  between 10 and 14 years, versus typically
developing children in two age ranges: 4 to 6 years (n = 5) and 7
to 12 years (n = 6). The postural task involved shifting from wide
stance to a less-stable narrow stance; the cognitive component was
a visual-memory task.

The authors found the children with CP were more physically
unstable and had less executive attention capacity than the typically
developing children for all conditions, though their performance was
closer to that of the younger cohort. The kids with CP “had the least
ability to allocate attentional resources to the processing of these
two tasks, each with a large attentional load,” they wrote.

The paper’s lead author, Dinah Reilly, PT, PhD, was a physical
therapist for 40 years before her recent retirement, and worked in
the Boise, ID, school district for 25 of those years. She noted that
kids with CP face unique challenges with dual tasking.

“There isn’t a pure quiet stance for a child with ataxia,” she said.
“There’s a pendulum effect, a sway, and we noticed that, when you
challenge them by putting their legs together, they sway even more.
If you add a secondary task, both their postural control and the sec-
ondary task deteriorate, which indicates interference with both
tasks. We didn’t see that with the other children.”

In her work as a physical therapist, Reilly modified her approach
based on her research findings and applied the changes not only
to postural control but to gait training.

“I decided that I needed to be quiet,” she said. “They were try-
ing to process what I was saying and also trying to balance, so I
tried not to confuse them with words. When they’re walking and
you’re watching their gait, the minute they start talking, they either
start to fall or they stop walking to talk to you, because they can’t
do both.”

When Reilly subsequently trained staffers in the schools she
worked in, she passed this methodology along, instructing them not
to talk to children who were trying to walk.

“I told them to cut out anything distracting, because something
that most of us take for granted isn’t automatic for these children,”
she said. 

Reilly told an anecdote about a boy with spastic CP who could
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walk with his walker if the story he
was telling had been repeated
often enough that it was auto-
matic. But if she asked him ques-
tions, he had to stop walking to
answer them. 

“If he didn’t have support, if
he started walking and tried to tell
you a story, he just fell forward,”
she said.

This can sometimes play out
tragically when such children try
to participate in physical educa-
tion class or other exercise activi-
ties, Reilly pointed out. 

“It breaks my heart, because
they can’t screen out all the dis-
tractions, and it takes a lot more
of their attention to walk, stand, do
what’s asked of them,” she said.
“People who work with these chil-
dren need to understand that.”

When such children are fitted
with AFOs, she continued, the de-
vices may initially make their lives
more difficult until they have had time to adjust to the changes. 

“They may have an equinus gait, so you’re changing where they
initially put their weight down, which changes the whole biomechan-
ics of the body,” she said. “Some AFOs take away a child’s ability to
balance.”

Reilly spoke of another young boy she knew who had ataxia.
“When he stood on a moving force plate, he had a normal se-

quence of postural control starting at the ankle and moving up to
the hip; so his ankle grabbed, even though there was a pendulum
effect from overreaction,” she said. “But, if [clinicians] put him in a
solid AFO, he refused to stand because he couldn’t bring his toes
up to prevent himself from going over backward. They thought they
were giving him stability, but they took away his control.”

The timing of AFO prescription depends on the child, Reilly said. 
“Ideally you’d decide based on a gait analysis, because other-

wise you take away their ability to compensate,” Reilly said. “The
easier you make it for these children, the more attention they’ll have
for secondary tasks. Children just want to play; they don’t want to
have to pay attention to their walking.”

Heterogeneity
Bryan Malas, CO, MHPE, director of orthotics/prosthetics at the Ann
& Robert H. Lurie Children’s Hospital of Chicago and one of the
coauthors of Nikta Pirouz’s paper, noted that the heterogeneity of
patient populations affects decisions about AFOs, as well.

“When we’re dealing with kids with spina bifida, depending on
the level of the lesion, certain muscle groups are completely com-
promised,” he said. “There’s no stability or integrity around the joint
itself, so we have to create that stability, typically with a stiffer AFO
design. Someone with little or no motor strength around the foot or
ankle—postpolio would be another example—requires a design that

Continued from page 41
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provides greater stability to create a more functional gait pattern.”
On the other hand, children with neuromuscular conditions in which fatigue is a factor

may do better with other approaches, Malas said.
“An AFO with graded motion or stiffness may make it easier for that person to recruit

compensatory gait strategies that are helpful for maintaining balance,” he said. “Stiffer
AFO designs may hamper those compensatory strategies, which are essential for balance
in such cases.”

Elaine Owen, MSc, MCSP, a pediatric physical therapist at the Child Development
Center in Bangor, North Wales, UK, agreed that different patient subroups require individ-
ual approaches.

“The children with the most difficulty may be those with dystonias and ataxias,” Owen
said. “They already have involuntary movements that suddenly occur when they’re not
expecting them, so in a way they’ve got three tasks going on: one is just walking, one is
dealing with these sudden movements, and then there are the cognitive tasks they’re
asked to perform. It’s a bit like us when we’re balancing on ice; we put so much effort
into it that if someone distracts us, we’re going to lose what little control we had.”

Owen expressed interest in the study by Pirouz et al partly because of the complexity
of the secondary task, which entailed counting backward. 

“It’s difficult; it’s not something you’d normally do when you’re walking,” she said. “I
wonder if they’d also done something more normal, like having a conversation about what
you’re having for supper, that perhaps younger children could cope with that better. If you
have a neurological impairment, any task is going to be harder when you’re walking.”

Pirouz and Karakostas noted that counting tasks are easier to quantify than conver-
sation, which makes them better candidates for experimental contexts.

“I know right away if you did the task correctly, and it also allows me to target one type
of cognitive function,” Pirouz said. “In a conversation, how and what am I measuring? Work-
ing memory? Logical function? It becomes much more muddled.”

Continued from page 42
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Owen noted that, in extreme cases, children with CP, hydro-
cephalus, or related conditions can become so disoriented by dis-
tractions such as loud noises that they completely lose postural
control.

“I worked with a child who had a head injury who suddenly fell
over one day, and I asked him what had happened,” she said. 
“A motorbike had gone down the road; I hadn’t even noticed. Leaf
blowers, sudden noises—for them, this is what it would be like if you
or I were walking down the street and an explosion went off. You’d 
certainly change your gait, wouldn’t you? These children can’t be
taught to automate their responses to spasticity, and they never get
over that startle reaction. This tells us a bit about what can be auto-
mated with practice and what can’t.”

Owen sees merit on both sides of the debate about AFOs.
“They can make standing balance worse if they’re not designed

and aligned properly,” she said. “But if they’re set optimally, they fre-
quently make balance a lot better, so then if you’re doing something
else, your balance will remain more stable. With dystonic children,
for example, AFOs regulate their steps; it’s like the difference be-
tween walking on the floor and walking on a tightrope would be for
us. We need feet that are stable but mobile, and we need align-
ments that produce stability and mobility. Sometimes it’s only by fix-
ing the ankle that you can actually sort out the foot and the shank;
it’s a complex area.”

Priorities
One aspect of the current research is that it sheds light on how
those in different populations prioritize their attention. For example,
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in Pirouz’s study, participants gave priority to the secondary task,
and she speculated that they may simply have been motivated to
show off their capabilities to researchers. 

Gail Eskes reported similar findings in her work with poststroke
patients;6 others have shown that older patients, particularly those
with impaired balance, have trouble flexibly allocating their attention
between primary and secondary tasks.7,8

“I think it’s important for our profession to move in this direc-
tion,” said Bryan Malas. “Often we have patients who go to the gait
lab, and the kinetics and kinematics are better with the use of an
orthosis, but they tell us they still have to think about what they’re
doing when they’re walking with an orthosis. We need to lean into
that more—optimize the alignment or design of the orthosis—so they
don’t have to focus on balance during walking but can redirect their
attention to other aspects of daily living.”

Orthotic treatment that improves some elements of the kinetics
and kinematics of walking, but decreases the patient’s stability, is
not the optimal outcome, Malas added.

“In such cases, the situation should be revisited to determine if
orthotic treatment can be further optimized,” he said. 

Cary Groner is a freelance writer based in the San Francisco Bay Area.
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Exergaming: Therapeutic
benefits in older adults

Increasing numbers of studies are sug-
gesting that exergaming can help im-
prove strength, balance, and other
variables in older adults, but clinicians
also need to be aware that some as-
pects of exergaming can present chal-
lenges in this patient population.

By Ying-Yu Chao, RN, GNP-BC, PhD

People older than 65 years in the US numbered 39.6 million in
2009 and accounted for about 12.9% of the population, a percent-
age that is expected to grow to 19% by 2030.1 A sedentary lifestyle
is a common phenomenon among older adults.2 A systematic re-
view, for example, found that approximately 60% of older adults re-
ported sitting at least four hours daily, and more than 55 % reported
watching television for more than two hours a day. Studies with ob-
jective measurements have found that 67% of older adults were
sedentary for at least 8.5 hours a day.3

This type of sedentary behavior is associated with multiple ad-
verse health outcomes, such as coronary heart disease, type 2 dia -
betes, and certain types of cancer. It is also a significant risk factor
for mortality. On the other hand, regular physical activity can reduce
disease occurrence and symptoms, optimize physical and emo-
tional health, maintain function, and improve quality of life.4 How-
ever, many older adults do not adhere to exercise over time
because traditional repetitive motion exercises are often perceived
as boring and not motivating.

Virtual reality has been defined as a computer-generated 3D
interactive environment in which users can experience sensory in-
formation in much the same way as they would in the real world.
Virtual reality technology is often designed around hierarchical tasks
that can be delivered and titrated based on an individual’s interac-
tive performance. Virtual reality also supports the precise capture
of data related to complex responses, such as assessments of kine-
matics, speed, accuracy, timing, and consistency. 

Exergames, a type of virtual reality experience, are entertaining
video games that combine game play with exercise. Exergame pro-
grams are designed to detect changes in direction, speed, and accel-
eration. They also offer visual and audio feedback, which may engage
and motivate individuals to use the programs. Overall, exergames pro-
vide meaningful, enjoyable, and purposeful activities as an alternative
to sedentary pastimes. As individuals engage in various gaming activ-
ities, therapists can evaluate their accomplishments in real time. In
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addition, exergames provide opportunities for social interaction and
connections with peers and family members.5

A look at exergames 
There are different types of exergames in the market. In recent
years, researchers have used exergames to encourage older adults
to engage in physical activity in the interest of improving their health. 

Nintendo Wii. Nintendo Wii (eg, Wii Sports, Wii Fit) are popular
accessible exergames that can be used in rehabilitation and long-
term care settings. The gaming system offers different activity levels,
and can be played while standing or sitting. Studies have reported
that using Wii exergames is associated with improved cognition, bal-
ance, balance confidence, mobility, strength, flexibility, fitness, and
health-related quality of life, as well as decreased anxiety and de-
pression in older adults.6-11

One study, for example, compared Wii Fit exergame training
with conventional physiotherapy in 44 hospitalized older adults
(80% women) with a mean age of 85 years.12 There were no signif-
icant differences between groups, but multivariate analysis sug-
gested the Wii Fit group improved more on the Timed Up and Go
test compared with the conventional therapy group.12

Another small study looked at use of the Wii Fit in residents of
community care retirement facilities.13 Seven older adults (mean age
84 years) with impaired balance showed significantly improved bal-
ance and increased walking speed after playing four exergames
(basic step, soccer heading, ski slalom, table tilt) for at least 30 min-
utes, three times per week, for three months.13

Esculier et al published a study in 2012 in which 10 participants
with moderate Parkinson disease and eight healthy older adults
used a Nintendo Wii Fit and balance board at home for approxi-
mately 40 minutes a day, three days per week, for six weeks. They
recorded measures of balance, mobility, and function at baseline
and after three and six weeks of training. At six weeks, the partici-
pants with Parkinson disease significantly improved from baseline
on measures on static and dynamic balance, mobility, and functional
abilities.14

A noted limitation is that Wii exergames are not sensitive
enough to measure certain levels of functional ability. In other
words, older individuals may not be able to move fast enough for

some of the gaming activities, which may lead the system to give
negative auditory and visual feedback.10 

Interactive video dance games. Interactive video dance
games (eg, Dance Town, Dance Dance Revolution) require players
to make rapid step responses to a randomly presented visual stim-
ulus, sometimes using a dance pad on the floor marked with direc-
tional arrows. 

A 2010 study of 25 healthy older adults (mean age 80.1 ± 5.4
years, 83% women) in senior living settings showed that three
months of using video dance games was associated with gains in
balance (narrow walk time), self-reported balance confidence, and
mental health.15 A randomized controlled trial16 of 22 older adults
(mean age 86.2 ± 4.6 years, 82% women) living in a hostel for the
elderly in Switzerland placed the seniors into two groups. Both
groups received twice-weekly, 40-minute sessions of progressive
balance and strength training, while the dance group supplemented
this training with 10 to 15 minutes of dance video gaming. Those in
the dance group had significant improvements on fast walking per-
formance (velocity, double support time, step length) compared with
those who did progressive strength and balance training alone.16  

Despite these noted improvements, it’s important to note that
older adults often have challenges with fast-paced music, frequent
jumping, and screens overloaded with color and information. For
example, older players often decrease stepping performance on
dance games’ fast stimulus speed due to physical changes they
have experienced with aging.17

Sony PlayStation 2 Eye Toy. The Sony PlayStation 2 Eye Toy
uses computer vision and gesture recognition to process images
taken by a webcam-like camera. The camera and built-in micro-
phone allow users to play games using their body movements and
sounds. 

Researchers have reported that in older adults the gaming sys-
tem enhances sensorimotor function, balance, postural control, mo-
bility, and functional gait abilities and decreases depressive
symptoms.18,19 Researchers have also reported limitations with the
Eye Toy in its response to players with severely involved motor im-
pairments; one study, for example, found that players with severe
hand mobility problems could not interact with the system.20
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Table 1. Description of Wii Fit exergames
ExERCISE GAME GEnERAl DESCRIPTIOn GOAlS

Aerobic exercise Jogging The player walks or jogs along the virtual paths and Increase mobility and aerobic capacity

routes by following the game’s avatar. 

Strength exercise lunge The player steps on the balance board and follows the virtual Strengthen quadriceps muscles, gluteal

trainer to perform lunge exercises on each leg. muscles, and hamstrings

Balance exercises Penguin slide The player steps on balance board and shifts his/her weight Improve balance 

side to side to make a virtual penguin catch fish.

Table tilt The player steps on the balance board and shifts his/her Improve balance

weight in all directions to direct virtual balls into holes on 

the shifting platform.

Yoga exercises Chair The player steps on the balance board and follows the virtual  Strengthen hamstrings, quadriceps, 

trainer to perform the squat pose. gluteals, and the erector muscles of the

back to improve balance and stability

Deep breathing Participants step on the balance board and follow the virtual  Improve breathing, metabolism, 

trainer to breathe in sync with the blue circle on the interface. and circulation

Reprinted with permission from reference 31.  
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Microsoft Kinect. The Microsoft Kinect (XBox One, XBox 360)
is a motion-sensing input device that allows users to control and in-
teract with the device through gestures and spoken commands.21

The Kinect delivers adaptable stepping exercises and simultane-
ously measures step performance. The system has been used in
older adults to improve balance, flexibility, strength, and endurance,
with the aim of reducing fall risk and improving performance of daily
activities.22,23

The Microsoft Kinect’s limitations include complex performance
measures for older users, a lack of tracking accuracy in small exer-
cise spaces, and small text on the screen.23

literature reviews
The most common apparatus for exergaming interventions in the
medical literature is the Nintendo Wii gaming system. A literature
review10 found that the effects of Nintendo Wii exergames in older
adults have been studied in different settings (hospitals, rehabilita-
tion institutes, nursing homes, assisted living facilities, community
care retirement facilities, and private homes) across different coun-
tries (Australia, Canada, Denmark, France, Singapore, the UK, and
the US). The studies reported positive physical and psychological
benefits, socialization, and motivation to exercise.10 However, there
was great variation among study exercise protocols; among 20 re-
viewed studies, the frequency and duration of exergaming interven-
tions varied from two- to 20-week programs done two to five times
a week for 10 to 60 minutes per session. 

Another systematic review25 examined 13 studies on the effects
of exergames on physical function in older adults. Again, exergame
protocols varied across the reviewed studies. The review found in-
conclusive evidence for the benefits of exergames for improving
physical function in older adults.25

The transferability of skills from exergaming to real-world ap-
plication is of major practical relevance. Most studies report the spe-
cific training effects, but few examine the transfer effects between
different devices and different training modes.16,26 One recent study
suggested that skills needed with one exergame are highly specific,
and do not transfer to other exergames for different tasks.26 The 

Continued from page 48
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Our research team developed an
intervention incorporating self-efficacy
theory into an exergaming program for
residents of assisted living facilities.

A recent pilot study evaluated the effect of an investigator-de-
veloped automated interactive exercise coaching system used with
the Microsoft Kinect on bradykinesia in older adults with Parkinson
disease. The coaching system guides users through a series of
video exercises aimed at improving balance, flexibility, strength, and
endurance. It tracks and measures their movements, provides real-
time feedback, and records their performance over time. The inves-
tigators trained six participants to perform whole body reaching
movements at different elevations in different directions. After train-
ing, participants had improvements in acceleration and movement
speed.24



authors postulated that the transferability of skills is associated with
long-term and real-life experience. Further studies are needed 
to clarify the transferability of skills from exergaming to real-world
applications.26

Our research
Exergames offer a venue to help increase exercise and exercise ad-
herence of older adults. An individual’s self-efficacy is associated
with his or her motivation to perform a specific task, and individuals
with higher exercise self-efficacy commit to and engage more in ex-
ercise.27 Researchers have suggested that interventions based on
self-efficacy theory may be the most effective way to change exer-
cise behavior in older adults.28 Hence, our research team designed
and developed an intervention incorporating self-efficacy theory
into a Wii Fit exercise program to encourage assisted living resi-
dents to engage in exercise.

In our intervention, which was utilized in two pilot studies, we
used four strategies of self-efficacy theory to enhance participants’
exercise self-efficacy, including enactive mastery experiences (eg,
goal setting, discussion of performance and progress), vicarious ex-
periences (eg, role modeling, storytelling), verbal persuasion (eg,
education, support, encouragement), and physiological and affec-
tive feedback (eg, monitoring emotional and physical burden, man-
aging discomfort). We also distributed an exercise-related poster
and health education booklet to each participant. The health edu-
cation topics included the benefits of exercise, how to get started
with exercising, safety issues, and how to stay active.29 We dis-
cussed each topic with participants at each session. 

We used six Wii Fit gaming activities—jogging, lunge, penguin

slide, table tilt, chair, and deep breathing—involving four types of ex-
ercise in the program. The intervention was designed to take about
30 minutes per session. Participants were paired and took turns
playing games against each other. The actual game difficulty levels
and time spent depended on each individual’s physical tolerance
and performance. A walker was placed around the Wii balance
board for stability. 

One of our pilot studies implemented a twice-weekly, eight-
week supervised intervention among seven residents in an assisted
living facility. After eight weeks, participants demonstrated statisti-
cally significant improvement in balance, and improvement trends
for cognition, mobility, walking endurance, and fear of falling.30,31 

Another pilot study implemented the intervention twice a
week for four weeks in 32 participants in two different assisted liv-
ing facilities. We compared the effects of the Wii Fit group with
those of a group whose intervention included only education. Wii
Fit participants had significant improvements in balance, mobility,
and depression after the four-week intervention; in comparison
there was no significant improvement in any of the assessed out-
comes in the education group. At baseline, there were no signifi-
cant between-group differences for any of the outcome measures.
However, at post-test, there was a significant difference between
groups for the Short Form 8 (SF-8) mental-health related quality
of life subset (p < .05).32

Differences in the diagnoses and overall condition between the
groups of older adults in the two pilot studies are the likely reasons
for the greater mobility improvements seen in participants in the

Continued on page 52



four-week program. 
We conducted studies in only three assisted living facilities, so

our results cannot be generalized to all older adults. Overall, the ex-
ergaming interventions showed promise as a potential tool to im-
prove and maintain physical and psychosocial health for older adults.
During the study period, we often saw participants talking about their
performance and comparing their scores. They were extremely
happy when they achieved top scores. On the other hand, some par-
ticipants felt upset when they did not perform well. Most participants
said they enjoyed exergaming and would like to continue to use it
to exercise after the study’s end. A couple of participants suggested
to the facility administrator that the exergames should be continued
in the facility. However, two participants thought that exergames
were more like games, not exercise, and said they would prefer to
do other types of exercise, such as walking.

Implications
There are advantages and disadvantages associated with different
types of exergames. Researchers and healthcare providers should
recognize the benefits and limitations of each exergaming system
in order to choose the most appropriate device for senior players.
For example, older adults with visual impairments may not be suit-
able to play games with fast-moving images (eg, snowboarding,
skiing). 

In addition, appropriate instructions and encouragement should
be given to those with certain levels of physical impairment (eg, sur-
vivors of stroke and traumatic brain injury, those with Parkinson dis-
ease) to offset negative performance feedback from exergaming

systems. In our pilot studies, for example, it was unsafe for some
older, physically impaired adults to stand and move on the balance
board, and to ensure safety, participants held onto a walker while
playing games.

Another consideration is that some features of current ex-
ergames (eg, small fonts, distractingly colorful images, complex
menu structures) may have a negative effect on the gaming expe-
rience of senior players. Hence, designing and inventing senior-
friendly exergames will be important for making gaming activities
more user-friendly for older adults. 

Future studies should include evaluations of different ex-
ergaming systems, implementation of different gaming activities
for older adults who require different levels of care and assisted
living, randomized controlled trials with larger sample sizes, longi-
tudinal studies, and the use of theoretical frameworks (eg, self-
efficacy theory, self-determination theory, behavioral inoculation
theory) to provide stronger scientific evidence on which to base
clinical interventions.10

Ying-Yu Chao, RN, GNP-BC, PhD, is a clinical assistant professor in
the Division of Nursing Science at Rutgers University—Newark in
New Jersey.  
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Music therapy and gait: 
Rehab to a different beat

Research suggests the use of rhythmic
stimuli for gait rehabilitation can help im-
prove gait and balance in patients with
Parkinson disease, stroke, and other con-
ditions, but some questions regarding its
overall applicability and optimal delivery
method remain.

By Greg Gargiulo

Moving one’s body in sync with the rhythm of music is a natural
phenomenon that anyone who’s ever danced to a beat can easily
attest to.1,2 Because rhythm is an essential element in both music
and many motor-control functions, music is capable of stimulating
synchronized bodily movements, and this phenomenon can bring
about positive therapeutic effects beyond the pleasure of dancing
to one’s favorite song.3,4

The concept of music as a therapy has been around for thou-
sands of years, and was originally based on ancient beliefs that it can
have a healing effect on mind and body.5 More recently, music therapy
has been used in research and clinical settings to rehabilitate patients
with neurological or physical disorders, and one of its emerging ap-
plications is for improving gait in those with impairments.6-9

Current research has shown that this type of music therapy
can lead to significant improvements in various aspects of gait, as
well as balance, in patients with Parkinson disease and stroke.10-17

But the evidence base in support of music therapy for improving
gait in other neurological disorders is not as strong, and some
questions regarding its overall applicability and optimal delivery
method remain.18-24

Starting with rhythm
Neurologic music therapy (NMT) is a set of research-based methods
for the therapeutic application of music to cognitive, sensory, and
motor function deficits related to neurologic disease.7

Michael Thaut, PhD, director of the Center for Biomedical Re-
search in Music at Colorado State University in Fort Collins, developed
NMT in the early 1990s after realizing that traditional approaches to
music therapy hadn’t yet led to any major breakthroughs.

“I thought we should start with rhythm, one of the most impor-
tant elements in musical structure, and the observation that, when
rhythmic sound somehow activates the motor system, it’s almost
instinctive to move rhythmically, so there must be some connections

lermagazine.com 05.15 55

There are regions of the brain where
sound processing and motor system
control both occur, creating very direct
connections between the two networks.
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between the auditory system and the motor system,” Thaut said.

His research led him to discover that there are in fact regions

of the brain where sound processing and motor system control both

occur, creating very direct connections between the two networks;

this discovery formed the basis of NMT. 

“NMT is based on a neuroscience model of how music

changes the brain and how the elements in music work as therapy,

and it differs from conventional music therapy, which uses more of

a social/psychological interpretive approach to music,” Thaut said.

NMT is comprehensive, with techniques for upper extremity re-

habilitation and cognitive and speech rehabilitation. But, when the

technique uses rhythmic stimuli to work with gait, it’s called rhythmic

auditory stimulation (RAS).2 RAS is used primarily to aid the recovery

of walking patterns in patients with significant gait deficits from

stroke, Parkinson disease, traumatic brain injury, or other causes.4

RAS works as follows: a piece of music or a metronome click

is selected with a constant rhythm—usually in either 2/4 or 4/4

meter, which are basic symmetric beats in the rhythmic structure of

walking—and a tempo that’s based on the target gait speed. It’s then

played through a personal audio device or stereo, and the rhythm

serves as an anticipatory and continuous time reference, or cue, for

the patient’s movements.8,16,25-27

Parkinsonian gait is typically characterized by reduced velocity,

shortened stride length, increased cadence, asymmetric stride times,

and occasional freezing or festination.1,11 These gait deficits, which are

resistant to most pharmacological and surgical treatments, may also

lead to falls, making them a major clinical challenge.10,12

Continued from page 55
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Parkinson disease research
RAS and other similar techniques for improving gait in Parkinson
patients have been studied since the early days of Thaut’s 
research.10-12,20,28

A 1996 study by McIntosh et al found that a RAS 10% faster
than baseline cadence was associated with significant improve-
ments in mean gait velocity, cadence, and stride length in 31 Parkin-
son patients and 10 healthy elderly adults.28 A meta-analysis by de
Dreu et al concluded that similar auditory cueing techniques com-
bined with exercise therapy led to small but significant effects on
stride length and balance.12

In studies by Benoit et al and Dalla Bella et al, musically cued
gait training not only increased stride length and speed, but ex-
tended beyond gait, leading to improvements in perceptual and
sensorimotor timing abilities that lasted after training ended.10,11

These studies suggest this type of training may help delay cognitive
decline in Parkinson patients.

Two other studies have found that listening to music can actu-
ally exacerbate gait impairments in Parkinson patients, possibly be-
cause, for some patients, listening to the music was effectively an
additional task that directed attention away from the primary task
of walking safely.1,29 However, another randomized controlled trial
by many of the same authors found that a similar program was safe
and led to multiple improvements.24

“In the later study, the participants had repeatedly been ex-
posed to the task of walking whilst listening to music. We actually
found that not only was there an improvement in gait and motor
symptoms, but the participants with Parkinson’s disease also im-
proved in their ability to dual-task, which was not the case with our
other studies,” said Natalie de Bruin, PhD, a postdoctoral researcher
in the Balance Research Laboratory at the University of Lethbridge
in Alberta, Canada, and a coauthor of these studies. 

Studies of stroke
Music therapy approaches such as RAS have been found to elicit
significant improvements in various gait parameters for stroke pa-
tients.13-16,25,26

In a randomized controlled trial of 78 patients—a larger sample
size than most music therapy studies—Thaut et al found that RAS led
to significant improvements in velocity, stride length, cadence, and
symmetry from baseline when compared with neurodevelopmental
therapy, a more traditional type of gait therapy.25 Other studies have
confirmed this with similar comparisons, and have also identified im-
provements in balance, stability, and quality of life.13-16,26,30

In a 2013 systematic review, 20 Wittwer et al evaluated six stud-
ies on rhythmic auditory cueing for gait in stroke patients, and de-
termined that there was moderate evidence of improved velocity
and stride length after gait training. They concluded that more high
quality and larger studies were needed before recommendations
for clinical practice could be made.

But according to Joanne Wittwer, PhD, a physical therapist and
research fellow in the movement laboratory at the Musculoskeletal
Research Center of La Trobe University in Bundoora, Australia,
“More high quality studies of auditory cues to improve gait in stroke
patients have been completed since then, such as Cha et al14 and
Kim et al,31” she said. “This increased the level of evidence from
moderate to strong, and I think that there is now sufficient evidence
for the approach to be recommended in clinical practice.”

Continued on page 58
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Other populations
While most of the literature pertaining to Parkinson disease and
stroke is generally favorable, evidence is more varied for other neu-
rological disorders.4,8,17,22,27,32-36

Two studies of patients with cerebral palsy found that RAS led
to improvements in stride length and velocity, as well as positive
kinematic changes at the pelvis and hip.4,22

Conversely, a study by Clair and O’Konski32 found that RAS was
not associated with statistically significant changes in cadence, ve-
locity, or stride length in late-stage dementia patients. However, the
authors still believe RAS is a viable approach in this population. 

“I actually don’t think there was a negative outcome, there just
wasn’t much of a positive outcome,” said first author Alicia Ann Clair,
PhD, a board-certified music therapist and professor emeritus at the
University of Kansas in Lawrence. “We chose people who were too
impaired and needed a two-person assist. As a result, they got their
cueing from the people walking them instead of the auditory clicks.”

One study on auditory cueing for Huntington disease patients did
not detect a significant positive impact on gait parameters,35 while an-
other found that it improved locomotor function.34 Other studies have
demonstrated positive effects on gait for patients with traumatic brain
injury17 and healthy older adults at risk for falls.33,25 However, in patients
with Alzheimer disease or spinal cord injuries, auditory cueing led to
negative and insignificant effects, respec tively.21,27

Regarding disorders other than Parkinson disease and stroke,
Wittwer et al’s systematic review concluded that current evidence
of benefit is still insufficient.20

“In general, neurological rehab studies on brain injuries, stroke,
Parkinson’s disease, cerebral palsy, and the like will never have hun-
dreds of participants,” Thaut said. “It’s just not possible. But in good
randomized experimental studies, even if it’s small sample sizes, if
you show consistent results across the research, that will make up
for the lack of size in one single study. RAS in the neurological rehab
literature is considered a level one evidence-based medicine clinical
technique, so it has actually very strong support.”  

Mechanistic questions
Despite the growing body of research on the topic, the actual mech-
anisms by which RAS mediates the synchronization between motor
and auditory systems are still not completely understood.8,21,37

“I think that the difficulty in understanding how RAS works has
to do with the physiological complexity of walking, the heterogeneity
of gait impairments, and the underlying neurologic disorders or in-
juries that caused them,” said Francois Bethoux, MD, a physiatrist
at the Mellen Center for Multiple Sclerosis Treatment and Research
at the Cleveland Clinic Foundation in Ohio. “But the ‘therapeutic in-
gredient’ of RAS is thought to be the ‘beat,’ which is thought to work
through entrainment.”

Auditory entrainment is the body’s ability to synchronize move-
ments to an external rhythmic cue with a stable time relationship;4,25

rhythm serves as an anticipatory and continuous time reference for
movement. This is believed to occur via extensive connections be-
tween the auditory and motor regions of the brain. In this model,
improvements in impaired gait likely stem from patients’ capacity to
access auditory-premotor circuits that still remain functional.21

Meanwhile, researchers are also investigating strategies to en-
hance the effectiveness of music therapy. Use of music or
metronome clicks, characteristics of music selections like genre,
“groove” and familiarity, and method of delivery have all have been
found to influence the impact of auditory cueing.15,18,19,32,37

A wide variety of musical genres, either chosen by researchers
or participants, as well as simple metronome clicks, have all been
used as auditory cues. The wide range of genres includes classical,
funk, country, jazz, big band, rock, and folk, but every piece is based
on a desirable rhythm of 2/4 or 4/4, and a tempo that is typically
40 to 120 beats per minute. Though patients may prefer certain
styles of music, no major correlations have been found between
specific genres and gait improvements.15,20,26

“The style of music is completely irrelevant to gait facilitation
as long as it’s rhythmically structured to the foot movements in walk-
ing,” Thaut said.

“Groove,” or how much the music makes someone want to
move, and participants’ familiarity with the music have also been in-
vestigated. Leow et al found that, during synchronization of foot-
steps to a music beat, high-groove and high-familiarity music led to
more accurate tempo matching with faster and less variable strides
than low-groove and low-familiarity music.18,19

Studies also differ in their use of either metronome clicks or mu-
sical selections for auditory cueing, with some finding that the two
lead to similar improvements and may be used interchangeably.10,11,20 

“The metronome clicks can activate the motor system in the
same way, and the music is not necessary,” Clair said. “Music just
makes it more interesting.”

Continued from page 57
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Popular song selections 
for gait rehabilitation
• Scott Joplin: “The Entertainer”
• Julia Ward Howe: “Battle Hymn of the Republic (Mine Eyes Have

Seen the Glory)”
• Gene Autry: “Back in the Saddle Again”
• Lieutenant F.J. Ricketts: “Colonel Bogey March”
• Wolfgang Amadeus Mozart: “Turkish March” from “Piano Sonata

No. 11”
• “Marine’s Hymn” (Official Hymn of the US Marine Corps)
• Victor Herbert: “March of the Toys” from Babes in Toyland
• Henry Mancini: “Baby Elephant Walk” from Hatari!
• “I’ve Been Working on the Railroad” (Traditional)
• Sir Edward Elgar: “Pomp & Circumstance”
• Ludwig van Beethoven: “Für Elise”
• ABBA: “Money Money Money” and “Dancing Queen”

General guidelines:
• Patients prefer familiar music, especially marches, with a pre-
dictable and salient beat.18,19

• Although greater familiarity with music has been found to in-
crease effectiveness of therapy, appropriate rhythm and tempo
are the most important musical qualities.13,25

• The rhythm of most songs used is in 2/4 or 4/4 meter.20,26

• Song tempo is initially matched with each patient’s normal step
rate, and then gradually adjusted to their desired step rate
(using software designed for this purpose) based on personal
therapeutic goals.25,26



A 2012 study by Wittwer et al found that music, but not
metronome cues, produced a significant increase in mean gait velocity
in healthy older adults, but the sample size was small.37

“I think that because most people like to listen to some type of
music, and have an emotional response to music, it’s a good way to
entice them,” Bethoux said. “Music also triggers other brain functions;
for example, specific music pieces are often tied to memories.”

Delivery methods
The method of delivery, such as the device through which the cue
is played (ie, stereo or portable music player with headphones) and
the use of instructions, also may influence the effectiveness of au-
ditory cueing.1,8,10,11,29 An MP3 player, according to Bethoux, can
help patients focus on the stimulus by blocking out some of the am-
bient noise, while a stereo allows researchers to give directions to
participants during training and may be safer overall.1,8,10,24

Although instructions typically are given to patients before ini-
tiating therapy in most studies,20,37,38 Clair believes it may actually
be unnecessary. 

“Sometimes it’s better to not use any instructions, especially if
people have significant neurological problems,” she said. “Trying to
get them to cognitively think about what they’re doing may actually
make it harder to get them to respond appropriately.”

Software applications are available for mobile devices that de-
liver auditory cues to improve walking patterns, one of which was
found to be a safe and effective adjunct for symptomatic improve-
ment of gait in Parkinson patients.23

“I believe that self-guided and personalized training is an inter-
esting avenue to be pursued, provided that these methods, even if 
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realized at home, are supervised by a doctor and validated scientifi-
cally,” said Simone Dalla Bella, PhD, a professor in the EuroMov Move-
ment to Health Laboratory at the University of Montpellier in France.

Safety is an important concern in the application of any auditory
cueing techniques.8,24

“I definitely think some guidance is needed, at least at the be-
ginning, and periodic re-evaluations are also necessary for some
patients, particularly those with progressive conditions,” Bethoux
said. “One of the reasons for this guidance is safety.”

Clair also pointed out that patients must keep up with their
training to maintain initial improvements. 

“RAS can powerfully facilitate gait rehab, but if patients don’t
regularly keep up their walking program at home, they will lose skill,”
she said.

With additional funding and further support, experts said, the
clinical use of music therapy for treatment of gait impairments will
expand.13,15,20,38

“I think it’s a really simple technique that can be used very eas-
ily with very little technology and resources, and the effect of audi-
tory rhythm as a sort of anticipatory timer for the motor system is
extremely helpful for motor control,” Thaut said. “We’re fortunate to
have seen some wonderful things with it.” 

Greg Gargiulo is a freelance medical writer based in the San Fran-
cisco Bay Area.  
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Helix S
Ankle Support

New from Bort-Swiss Orthope-
dic Supply is the Helix S Spiral-
dynamik Lower Ankle Support,
designed to stabilize the ankle,
activate the foot muscles
through compression, and pro-
vide functional supportive re-
straint for classic foot deformi-
ties. The product features a
nonelastic torsion strap in the
area of the lower ankle joint
and the rearfoot, two silicone
pads, a 3D knitted material
with a snag-proof edge at the
calf, and longitudinal cuts de-
signed to provide an anatomi-
cal fit and ligament separation
for optimal function. The sup-
port fits ankles from 6.7" (x-
small/kids) to 10.6" (x-large) in
circumference.

Bort-Swiss Orthopedic Supply
864/231-9144
bort-swissortho.com

L15 and Leina
Comfort Shoes

Arcopedico USA offers new
styles and colors for women.
Designed with travel in mind,
the new L15 slip-on collection
boasts a nonelastic upper for
comfort, flexibility, and circula-
tion support. The slide-on walk-
ing shoes are machine-wash-
able. Colors include black/
white, grey/white, black shine,
and red shine. The Leina col-
lection of sport Mary Jane walk-
ing slides are newly offered in
grey, camel, and purple in ad-
dition to the existing Leina Sor-
rento collection, which comes
in navy, black, brown, beige,
and red. All new offerings fea-
ture Lytech material, which is
flexible, breathable, conform-
ing, and water-resistant. 

Arcopedico USA
775/322-0492
arcopedicousa.com

Hollow Core
Foam Rollers

Pro-Tec Athletics offers Hollow
Core Foam Rollers, available in
contoured or smooth styles.
The contoured high density
foam roller features raised sec-
tions—long ridges and pro-
nounced bumps—to stimulate
blood flow and allow for a cus-
tomized deep massage. The
flat surface of the smooth foam
roller allows for a smoother
and faster roll. Both smooth
and contoured rollers feature
a hollow core for improved
durability and a thin outer layer
of foam that provides a firm
surface for aggressive mas-
sage. With a 5.5" diameter and
13" length, the rollers can ac-
commodate large and small
muscle groups.

Pro-Tec Athletics 
800/779-3372
pro-tecathletics.com

XcelTrax
Walking Boots

Newly introduced by DJO
Global is the XcelTrax family of
walking boots, designed for
support and comfort following
trauma or postoperative pro-
cedures involving the lower
leg, ankle, or forefoot. Models
include Air Ankle, Air Tall, An-
kle, and Tall. The lightweight
design, preshaped ergonomic
frame, and shock-absorbing in-
sole help to modify pressure
on the injury at both the malle-
oli and lower leg and allow for
a patient-friendly, easy-to-ad-
just walking brace. The pneu-
matic braces also offer an in-
tuitive inflation/deflation feature
for improved ease of use.
Braces are available with and
without air.

DJO Global
800/336-6569
djoglobal.com
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Rejuva
Support Socks

Dr. Comfort now offers fashion-
able compression legwear from
Rejuva. Rejuva knee-high sup-
port socks are available in an
assortment of styles and colors
so that users can find a look
that fits their style. Available pat-
terns currently include argyle,
diamond, herringbone, and
polka dot; colors include black,
plum, ash, blush, and buff. Re-
juva hosiery features a padded
heel and toe as well as a wide
top band, allowing the stockings
to hold up well without pinching
the leg. The support socks are
available in multiple levels of
medically correct compression,
ranging from 15-20 mm Hg to
20-30 mm Hg.

Dr. Comfort
800/556-5572
drcomfort.com

AposTherapy
Foot Device

AposTherapy is a personalized,
nonsurgical treatment program
for knee and back pain, based
on a biomechanical device
worn on the foot that is individ-
ually calibrated by specially
trained physical therapists. Uti-
lizing state-of-the-art computer-
ized equipment, the company
analyzes step length, load dis-
tribution on each leg, walking
velocity, and gait symmetry. The
evaluation is used to design a
personally calibrated biome-
chanical device for the foot to
help relieve pressure on the
symptomatic areas, retrain the
muscular system around the
joints, and improve the patient’s
function and quality of life. 

AposTherapy
855/999-APOS (2767)
apostherapy.com

Advantage
Orthosis

New from Earthwalk Orthotics
is the Advantage orthosis, 
designed to address the addi-
tional impact a runner experi-
ences at the first metatarsopha-
langeal joint. This encom passes
an everted rearfoot and a pes
planovalgus foot type. An ad-
ditional 3° extrinsic forefoot
post to the sulcus—known as a
runner’s wedge—is designed to
reduce metatarsal shaft pres-
sure with a shape that elimi-
nates an uncomfortable drop-
off, and the heel post design is
designed to provide point-of-
impact stress dissipation. The
Advantage offers func tional
control with forefoot, rearfoot,
and midfoot stability and mini-
mal heel bulk. 

Earthwalk Orthotics
888/492-8393
earthwalkorthotics.com

Prepreg Ankle
Foot Orthosis

The new dynamic ankle foot or-
thosis from Motion Unlimited is
fabricated completely out of
prepreg material for an orthosis
that is intimate-fitting, light-
weight, high-functioning, and
durable. The company’s one-
stage fabrication process is de-
signed to create a brace that
will not delaminate, has respon-
sive dynamics, and will easily fit
into a shoe. With a variety of fin-
ishes and the ability to cus-
tomize the dynamics of the
spring and forefoot, clinicians
can create a brace for each pa-
tient’s individual needs and
tastes. Motion Unlimited AFOs
are also available in thermoplas-
tic and laminated materials.

Motion Unlimited 
763/316-9087
motion-unlimited.com
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PT, O&P practitioners deliver medical aid
and devices to Nepal earthquake victims 
The second major earthquake that
struck Nepal on May 12 compli-
cated the efforts of charitable relief
organizations such as London, UK-
based Handicap International,
which already had an 84-person
team that includes physical thera-
pists, O&P providers, and other
lower extremity experts in the
country responding to the April
25 earthquake. 

Handicap International’s team
provided emergency rehabilitation
in Kathmandu’s four main hospi-
tals, distributing essential mobility
aids, orthoses, prostheses, wheel-
chairs, crutches, and other re-
sources and working with hun-
dreds of people with acute injuries,
including compound fractures,
amputations, and spinal cord in-
juries. 

A Handicap International sur-
vey of injuries in four major hospitals
in the Kathmandu Valley conducted
before the May 12 quake revealed
that 65% of cases were related to
bone fractures and that 12% of

those had a spinal cord injury.
The organization, which has

worked in Nepal since 1999, had
as of May 12 transported 33 tons
of humanitarian aid into the coun-
try, where the emergency teams
were deploying it to areas worst
hit by the two earthquakes and
numerous aftershocks. 

“We have already conducted
large-scale operations in humani-
tarian disaster situations, such as
in Haiti, Pakistan, the Philippines,
and Syria, but this is the first time
that we have chartered an entire
plane in aid of disaster victims,”
said Hélène Robin, head of Hand-
icap International’s emergency 
operations. “This underlines the
scale of our operation in Nepal,
which is designed to respond to
the needs we have identified, and
our determination to help people 
affected by the earthquake as
quickly as possible.”

Handicap International is call-
ing for donations at http://bit.ly/
Nepal-Appeal. 

Cur crowdfunds personal TENS device 
San Francisco-based Cur on May
13 launched a crowdfunding
campaign for its personal, minia-
turized TENS (transcutaneous
electrical nerve stimulation) de-
vice for treatment of chronic
muscle, joint, and nerve pain. 

Designed in partnership
with Huge Design, the San Fran-
cisco industrial design studio be-
hind the Nike Fuelband, Jibo ro-
bot, and Sonos products, Cur’s
eponymous device features ad-
hesive reusable gel pads that

can be used anywhere on the
body and intelligent biometric
sensors that automatically meas-
ure and match pulses to the
user’s response. 

The Cur will undergo clinical
evaluation this spring and sum-
mer and the company antici-
pates Food and Drug Adminis-
tration clearance sometime this
fall. Buyers can reserve a device
for $149 on cur.me, where they
can also view a demonstration
video.  

Aortha announces full launch of 3D insoles 
Aortha in late April announced
that it will move forward in early
2016 with a full launch of its 3D-
printed insole technology. 

The company previewed its
technology, which can print a
pair of custom, multidensity in-
soles in an hour, at the British
Association of Prosthetists & Or-
thotists Conference in Manches-
ter, UK, in March, as well as at
the combined meeting of the Pe-
dorthic Association of Canada
and Prescription Foot Orthotic

Laboratory Association in Van-
couver, Canada, in April. 

The OrthaPrint 3D printer
uses OrthaFlex material, which
has high elasticity to allow for
high-speed printing.

Positive response at the
March and April events led the
company to green light a full
launch, according to a statement
from Hugh Sheridan, CEO of
Aortha’s parent company ALG
International Holdings, based in
Liverpool, UK.  

Spenco Med wins customer service award 
Bethlehem, PA-based third-party
customer service provider Live-
HelpNow recognized Spenco
Medical in April with its monthly
Best Customer Service award. 

LiveHelpNow is the inter-
face that representatives of the
Waco, TX-based footwear com-

pany use to chat live with online
customers. 

Spenco.com had more than
20,000 visitors and representa-
tives answered more than 250
questions via live chat in March,
the month for which Spenco re-
ceived the award.  

Dr. Comfort expands functional insert line
Milwaukee, WI-based Dr. Com-
fort reported in April that it has
broadened its custom functional
insert line to include its Exos
thermoformable technology. 

The Exos-constructed func -
tional inserts come with an
Exothermix heat patch that al-
lows practitioners to apply heat

to the specific part of the insert
in need of adjustment. 

The thin, bondable mate-
rial is easy to grind and has a
low thermosetting tempera-
ture so clinicians can adjust
insoles quickly in their own of-
fices, according to a company
release.  
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Proof of Concept gives ‘growing’ shoes 
Portland, OR-based Proof of Con-
cept is collaborating with an In-
diana man to realize his vision of
distributing expandable shoes to
children living in poverty around
the world. 

Nampa, IN, native Kenton
Lee became aware of the needs
of these children when working
in Kenya. He noticed many bare-
foot children, as well as children
with the fronts of their shoes cut
out to accommodate their grow-
ing feet. 

After deciding the answer
to the problem may lie partly in
a shoe that can expand as chil-

dren’s feet grow, he pitched “The
Shoe that Grows,” which has
snaps that allow it to adjust to fit
five foot sizes, to a number of
companies before Proof of Con-
cept agreed to develop it. 

More than 1000 pairs have
been distributed to children in
Kenya, Vietnam, and Nicaragua
by Proof of Concept’s nonprofit
organization, International, which
is planning mission trips this
summer to impoverished areas
to distribute 5000 more pairs of
the shoes. 

Learn more or make a dona -
tion at theshoethatgrows.org.   

Thesis designs high-performance heels 
Los Angeles-based Thesis Cou-
ture will open a reservation list
this fall for a limited run of high-
end stilettos designed to reduce
the load on the ball of the foot
and make fashion footwear more
comfortable and less damaging
to feet. 

The shoes, made from bal-
listic-grade polymer and thermo-
plastic polyurethane, are being

designed by a team that includes
an astronaut, a fabricator who
previously worked for the US mil-
itary, and Andy Goldberg, OBE,
an orthopedic surgeon at the
Royal National Orthopaedic Hos-
pital in London, UK. 

The first pairs of heels will
sell for $925, with 2016 releases
expected to cost between $300
and $900.   
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Sigvaris, ILWTI offer wound care course   
Compression hosiery company
Sigvaris and the Hayward, WI-
based International Lymphedema
& Wound Care Training Institute
(ILWTI) announced in April that
they’re partnering to provide a
dual certification program in
wound care and lymphedema.

The Lymphedema and
Wound Therapist course is ac-
credited by physical therapy, oc-
cupational therapy, and nursing
state boards for 135-150 contact
hours of continuing education. It
includes 62.5 hours of online pre-

course work followed by six days
of intensive labs and workshops. 

Participants can choose from
three groups of dates to complete
the course’s lab and workshop
portion, which will be offered at
Sigvaris North America head-
quarters in Peachtree City, GA,
May 29-June 3; July 30-August
1 and August 6-8 (a split ses-
sion); and October 22-27. Reg-
ister early and use the coupon
code SIGVARISCLWT2015 to get
an early bird rate. Learn more and
register at ilwti.com.   

NBA signs Stance as official sock provider 
The National Basketball Associ-
ation (NBA) and San Clemente,
CA-based sock-maker Stance in
April signed a deal making the
manufacturer the NBA’s official
on-court performance sock
provider. 

Starting next season, NBA
teams will choose from among

a number of Stance sock op-
tions, which, in a league first,
will display a sock company
logo. 

Stance, which also has a
Major League Baseball team
collection, replaces Martinsville,
IN-based For Bare Feet as the
league’s sock supplier.   

Former PFA president Mike Forgrave dies
Michael Glenn Forgrave, CPed,
died April 14 in his home in On-
tario, Canada. He was 57. 

Forgrave, who was in private
practice as chief pedorthist for
Mike Forgrave and Associates in
Kitchener, Ontario, was a former
track athlete who developed an
interest in pedorthics after sus-
taining numerous foot and ankle
injuries. 

He received the Canadian
Pedorthic Award of Excellence
and the USA Pedorthic Lifetime
Achievement Award. In 2011 he
was inducted into the Barrie
Sports Hall of Fame and in 2014
the Springwater Sports Heritage
Hall of Fame.

He was president of the Pe-
dorthic Footcare Association
(PFA) and remained in a posi-
tion of leadership as a lecturer,
mentor, and liaison after he
completed his official term, said
Rob Sobel, CPed, current PFA
president. 

“Mike was an inspiration to
many of us. His work with PFA
served more than just the mem-
bership; it inspired many of us
to get more involved.  He would
give advice if asked, and if you
listened, his words would serve
you well. His counsel will be
sorely missed by those of us
serving, and by those who will
come after us,” said Sobel.   

Meningitis group honors Hanger Clinic VP 
The National Meningitis Associ-
ation (NMA) on April 27 honored
Hanger Clinic’s Kevin Carroll, MS,
CP, FAAOP, with its Nancy Ford
Springer Inspiration Award at the
2015 NMA “Give Kids a Shot!”
Gala in New York City.

The NMA recognized Car-
roll, Birmingham, AL-based
Hanger’s vice president of pros-
thetics, for his long-term work
treating meningitis survivors,
many of whom lose limbs as a
result of the disease. Carroll fitted
the son of NMA founder Nancy
Ford Springer with prostheses af-
ter he lost his legs and hands to

meningococcal disease. 
Carroll has spent more than

30 years developing artificial
limbs, educating the prosthetics
community, and working to im-
prove the lives of amputees with
a variety of limb losses, accord-
ing to an NMA release. 

He is also known for cocre-
ating the world’s first prosthetic
tail fluke for an amputee dol-
phin. During the fitting for the
dolphin, Winter, he helped de-
veloped WintersGel, a protec-
tive prosthetic liner that is ben-
eficial for amputees with deli -
cate skin.

iWalk wins third consecutive trade award 
Long Beach, CA-based iWalk-
Free’s hands-free crutch for lower
leg injuries won its third first-place
Medtrade HME Retail Product In-
novation award in April in Las Ve-
gas at the Medtrade Spring med-
ical device trade show.

By placing their affected leg
in a kneeling position on the de-
vice to support their weight,
iWalk2.0 users can activate mus-

cles in the upper leg to ambu-
late. This allows users to walk
on both legs with only minor
gait adaptations.

Medtrade’s biennial award
goes to a medical device that
excels in function, marketability,
price, and dealer support and,
until 2014 when the iWalk2.0
won for a second time, had
never had a repeat winner.

Cadence to sell rehab device in Stroke Belt 
Seattle-based Cadence Bio-
medical finalized a distribution
agreement in April with Oolte-
wah, TN-based TruMedical So-
lutions to sell its Kickstart
neuro-rehabilitation device
across the southeastern US
“Stroke Belt” and to national

and regional rehabilitation
providers.  

The wearable device uses
an artificial tendon to assist users
with stability, leg advancement,
and cues for proper walking as
they rehabilitate following a
stroke or spinal cord injury.   

Regranex gel, placebo equal for healing 
London, UK-based Smith & Ne -
phew’s topical platelet-de rived
growth factor gel showed no ben-
efit over placebo for healing 
superficial diabetic foot ulcers,
according to a randomized con-
trolled trial published in April in
Wounds.

Investigators at the Univer-
sity of California Irvine Medical
Center randomized 46 people
with Wagner grade 1 ulcers and
without severe peripheral arterial

disease, osteomyelitis, or any in-
fection requiring antibiotics to ei-
ther a short leg walking cast plus
a placebo gel or the cast plus
daily application of Regranex gel.
After 16 weeks they found no
differences in healing rates be-
tween the two groups. 

At nine months, the overall
healing rate was 74%, and inves-
tigators concluded that excellent
healing rates can be achieved
with casting alone.    

APMSA recognizes ComfortFit for service 
The American Podiatric Medical
Students Association (APMSA)
named Roselle, NJ-based Com-
fortFit Labs its Company of the
Year in April at the organiza-
tion’s annual Corporate Advi-

sory Board meeting.
The APMSA presents the

honor to a valued corporate part -
ner who has displayed meritorious
service and support to the podi-
atric student organization.   






