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Golf swing biomechanics:
Footwear considerations 
An understanding of golf swing mechanics will enhance clinicians’ ability
to help improve performance and prevent injury in golfers, particularly
with the use of foot orthoses.
By Patricia Pande, MClScPT, CSCS, CPed

29 When knee OA research 
becomes legal testimony
In worker’s compensation cases, including those involving knee osteo -
arthritis, an expert witness often will be asked to use his or her knowledge
of biomechanics to provide an opinion supporting or refuting a causal 
relationship between work conditions and an overuse injury. 
By Steven T. McCaw, PhD

35 Stroke rehab: Strategies
to improve gait velocity
Multiple techniques can help improve gait speed after stroke, from thera-
peutic exercise to task-specific training to orthotic devices. Despite a
growing body of research in this area, however, it is still not clear which
intervention is most appropriate for which patients.
By Hank Black

43 Posture-specific strength 
and landing mechanics
Recent research suggests that training designed to maximize strength at
deeper knee flexion angles during landing may be warranted, especially in
female athletes, to help reduce the risk of anterior cruciate ligament injury
without inadvertently compromising jump height.
By Boyi Dai, PhD; Jacob S. Layer; and Taylour J. Hinshaw

49 Treatment of distal toe
calluses and ulcerations
When calluses or ulcers develop on the distal aspect of the lesser toes,
offloading pressure from the distal end of the digit is essential for healing
to occur. Research suggests that toe crest pads offer an inexpensive but
effective means of offloading and healing these distal wounds.
By Monica Melo, DNP, RN, ACNS-BC, CWOCN, CFCN
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VISUALIZING THE ANKLE’S 
RESPONSE TO BALLET’S 
TOUGHEST TASK  
The use of detailed orthopedic imaging to examine
dancers’ ankles while in the en pointe position offers
insight into the biomechanical demands associated
with a position that, although highly unnatural, is
nevertheless essential to a ballerina’s performance.
By Jeffrey A. Russell, PhD, AT, FIADMS 
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Listening to what patients

have to say is an important

part of healthcare. But, 

as research continues to

demonstrate, it’s no

substitute for objective

measurements.

It’s well documented that

patients are not necessarily

reliable when it comes to

self-reporting information

such as height, weight,

shoe size, dietary

practices, and physical

activity levels. So it shouldn’t be surprising that preoperative

scores on an assessment tool focused largely on self-reported

pain and function isn’t ideal for predicting clinical outcomes after

total hip arthroplasty (THA).

A recent study from the University of Illinois at Chicago (UIC)

found that preoperative measures predicted clinical response

after THA much more accurately when objectively measured

preoperative gait mechanics were considered along with the

largely subjective Harris Hip Score (HHS) (see “Gait and THA

outcomes: Hip mechanics have predictive value,” page 15). 

Preoperative HHS alone predicted clinical response with a

sensitivity of 57%, which is actually pretty impressive for a

subjective test. But, when preoperative peak hip external 

rotation moment was added to the predictive model, the

sensitivity improved to 71.4%.

Including gait mechanics in the predictive equation doesn’t just

make it more accurate—it also makes it more useful. Even

knowing that higher preoperative HHS values are associated with

nonresponse after THA, implementing an intervention to reduce

those HHS values preoperatively makes little clinical sense, and is

likely unethical as well. But, knowing that low preoperative hip

external rotation moments are associated with nonresponse after

THA—and that those moments remain low postoperatively in

nonresponders, which the UIC group also found—suggests such

patients could benefit from physical therapy interventions to

improve hip function postoperatively, and likely also improve

clinical response by doing so. 

Clinical nonresponse after THA affects a considerable number 

of patients. In the 124-patient UIC study, the clinical nonresponse

rate was 11%, which is consistent with reports in the literature 

that range from 5% to 15%. Given that more than 300,000

procedures are done annually just in the US, up to 45,000

patients will not have a positive response. 

And there’s reason to believe the actual number of THA

nonresponders might be even higher. In a study published in the

February issue of the American Journal of Physical Medicine &

Rehabilitation, researchers from the University of Colorado in

Aurora reported that patients tend to overestimate their level 

of function following total hip replacement, compared with

performance-based tests; this may be because the degree of pain

relief they experience makes them feel able to function at a

higher level than they actually can.

It would be nice if more THA nonresponders could be identified

using the HHS alone. It certainly would be more convenient and

less expensive than conducting detailed gait analysis on every

THA patient. But it also would be much less accurate, which

would mean thousands of patients not receiving the rehabilitation

they need to address specific underlying mechanical issues. 

What patients have to say is important. But what objective data

have to say is too important to ignore.

Jordana Bieze Foster, Editor

Self-reported information is convenient and
inexpensive to obtain, but on its own may
be too unreliable to drive clinical decisions.

out on a limb:
Subjectivity & sensitivity
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Concussion repercussions
Studies explore lower extremity effects 

By Jordana Bieze Foster

The adverse biomechanical effects of con-
cussion can persist for up to two years, but
short-term visual deficits may help iden-
tify athletes who are most at risk for gait-
related effects, according to multiple
studies presented in early June at the an-
nual meeting of the American College of
Sports Medicine (ACSM) in Boston.

Researchers from the University of Michigan in Ann Arbor found signif-
icant differences in stop-jump kinetics between eight young adults (three
women) with a history of concussion (mean 2.4 years from injury) and
eight young adults (five women) with no history of concussion. 

The study participants performed a horizontal jump equal to
120% of leg length, landed on the dominant leg (all were right-leg
dominant), and then jumped to the right or left based on instructions
received before the task. For the leftward trials, the mean peak medio -

lateral ground reaction force was significantly higher for the concus-
sion group than the no-concussion group.

Although there were no significant between-group differences
for the rightward trials for the initial 16 participants for whom data
were presented, the researchers did see between-group differences
for both directions once the number of participants reached 20, ac-
cording to Andrew Lapointe, MS, a doctoral student in the university’s
School of Kinesiology, who presented the results.

“These findings do support the body of evidence showing an 

in the moment: sports medicine

Preseason hip weakness contributes
to ankle sprain risk in soccer players
Preseason hip abductor strength
is associated with risk of lateral
noncontact ankle sprain in soc-
cer players, according to re-
search presented in early June
at the annual ACSM meeting in
Boston. 

Investigators from the Uni-
versity of Southern California
(USC) in Los Angeles and the
University of Isfahan in Iran per-
formed hip strength testing in
185 male professional soccer
players with no history of lower
extremity injury in the previous
six months. Of those, 25 went
on to suffer an ankle sprain dur-
ing the soccer season. 

Preseason hip abductor
strength was significantly greater
for the uninjured players than the
injured players. Using a clinical

cutoff value for hip abductor
strength of 33.8% of body weight,
those above the cutoff had a
26.7% risk of ankle sprain while
those below had an 8% risk.

However, hip abductor
strength explained only 7.1% of
the variance in injury status. 

“Hip strength is only one of
the variables to consider in pre-
venting ankle injury,” said Rachel
K. Straub, MS, CSCS, a graduate
student in USC’s Division of
Biokinesiology and Physical
Therapy, who presented the
findings. 
Source:
Straub RK, Khayambashi K, Ghoddosi
N, Powers CM. Hip abductor strength
predicts lateral noncontact ankle
sprains in male soccer players. Pre-
sented at the 2016 annual meeting of
the American College of Sports Medi-
cine, Boston, June 2016.

Gluteal muscle fatigue affects shoulder
kinematics during throwing in softball 
Gluteal muscle fatigue is associ-
ated with altered upper extrem-
ity kinematics in collegiate soft-
ball players, according to
findings from the University of
Auburn in Alabama that add to
the body of research supporting
the importance of the lower
body in throwing athletes. 

Investigators analyzed the
upper extremity throwing kine-
matics of 10 collegiate softball
players before and after a gluteal
fatigue protocol on three con-
secutive days (to simulate the
effects of tournament play). 

Shoulder elevation during a
60-foot throw was significantly
lower after the fatigue protocol
than before, and on the second
and third days compared with
the first day. Measures of scapu-

lar anterior/posterior tilt and
scapular up/down rotation also
differed significantly from pre -
fatigue to postfatigue. 

“Most of the time the ath-
letes felt pretty good after the
fatigue protocol and felt like they
had recovered, but their motor
function was only about eighty
percent,” said Sarah S. Gascon,
MS, a doctoral student in the
School of Kinesiology at the uni-
versity, who presented the find-
ings in early June at the ACSM
annual meeting in Boston. 
Source:
Gascon SS, Washington JK, Rhoads JA,
et al. Effects of gluteal fatigue on shoul-
der and scapula kinematics among
NCAA Division I softball athletes. Pre-
sented at the 2016 annual meeting of
the American College of Sports Medi-
cine, Boston, June 2016.

Continued on page 14
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effect of concussion on gait and
that motor dysfunctions remain
long after the acute injury,” La-
pointe said. 

The long-term kinetic effects
observed by the Michigan re-
searchers may in part explain the
results of a US Army study pre-
sented at the ACSM meeting, in
which soldiers who sustained a
concussion were significantly
more likely to sustain a lower ex-
tremity injury in the next two years
than nonconcussed controls. 

Investigators from the US
Army Research Institute of Envi-
ronmental Medicine in Natick,
MA, reviewed medical en-
counter data for nearly 8000
soldiers who had no history of
lower extremity injury before ex-
periencing a concussion. Of
those, 1892 suffered a lower ex-
tremity injury within two years
postconcussion; this 24% injury
rate was 52% higher than for

11,602 matched controls during
the same two-year periods. The
greatest between-group differ-
ences in lower extremity injury
rate were seen during the first
six months postconcussion. 

Joseph Kardouni, MPT, re-
search director of the Total Army
Injury Health Outcomes Data-
base, who presented the find-
ings at the ACSM meeting, said
that further analysis of the same
database (not presented) sug-
gests the inverse of the pre-
sented findings is also true: Risk
of concussion is higher in sol-
diers who sustain a lower ex-
tremity injury than in uninjured
controls. 

“If you’re at risk of getting
hurt, you’re at risk of getting hurt,”
Kardouni said. “Perhaps some of
the factors that lead to getting
concussions are the same risk
factors that lead to other types
of injuries.”

Although a number of stud-
ies have reported gait-related ef-
fects of concussion, few have ex-
amined how to identify which
athletes are most likely to de-
velop gait alterations. Research
from Boston Children’s Hospital,
presented at the ACSM meeting,
suggests a visual deficit test may
help. 

In 31 adolescents exam-
ined within three weeks of a
concussion (mean, 10 days), the
Boston investigators found that
19 presented with deficits re-
lated to the near point of con-
vergence (NPC; the ability to
clearly see a target moving to-
ward the tip of the nose). Those
with NPC deficits walked more
slowly and with shorter strides
than 12 concussed participants
with normal NPC and 28 unin-
jured controls. 

“Theoretically, if you can

train the visual system, you
might have better recovery in
terms of gait,” said David R.
Howell, PhD, ATC, a postdoc-
toral research fellow at the
Micheli Center for Sports Injury
Prevention in Waltham, MA, who
presented the findings at the
ACSM meeting. 
Sources:
Lapointe A, Sosnowski A, Andrews E, et
al. Landing kinetics differences in indi-
viduals with and without a history of
concussion. Presented at the 2016 an-
nual meeting of the American College
of Sports Medicine, Boston, June 2016.
Kardouni JR, Shing TL, McKinnon CJ, et
al. Risk for lower extremity injury follow-
ing concussion: a retrospective cohort
study in soldiers. Presented at the 2016
annual meeting of the American Col-
lege of Sports Medicine, Boston, June
2016.
Howell DR, O’Brien M, Raghuram A, et
al. Adolescents with convergence insuf-
ficiency exhibit gait stability deficits
acutely after concussion. Presented at
the 2016 annual meeting of the Ameri-
can College of Sports Medicine,
Boston, June 2016.
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Gait and THA outcomes
Hip mechanics have predictive value 

By Katie Bell

Preoperative hip mechanics during gait
can enhance clinical scores for identifying
patients who are less likely to have an ad-
equate clinical response after total hip
arthroplasty (THA), according to research
from Chicago that may have implications
for both preoperative analysis and post -
operative rehabilitation.

“I don’t know that gait variables influence postoperative response. I
think of these more as indicators of who may need extra attention
to achieve a clinically significant response, and what types of inter-
ventions they may benefit from,” said study author Kharma Foucher,
MD, PhD, assistant professor in the Department of Kinesiology and
Nutrition at the University of Illinois at Chicago.

The retrospective analysis of data from a series of prospective
longitudinal studies included 124 patients (62 women, mean age

61 years) who had been assessed before and one year after primary
unilateral THA using quantitative gait analysis and the Harris Hip
Score (HHS), which is largely based on self-reported pain and func-
tion. Gait analysis was performed as patients walked at a self-

in the moment: rehabilitation

ACL bracing study suggests subgroup
of athletes most likely to be responsive
Preliminary findings presented in
early June at the 2016 American
College of Sports Medicine
(ACSM) meeting in Boston sug-
gest there may be a subgroup
of athletes who are most likely
to respond positively to knee
bracing after anterior cruciate lig-
ament (ACL) reconstruction.

Researchers from Virginia
Tech in Blacksburg analyzed
landing mechanics with and with-
out a custom-fit functional knee
brace during a stop-jump task in
20 adolescent athletes who had
undergone ACL reconstruction
six months earlier. All partici-
pants were asked to wear the
brace on the injured limb during
activities more dynamic than
walking for four to six weeks
prior to testing. 

For the group overall, the

brace condition did not differ sig-
nificantly from the no-brace con-
dition with regard to between-
limb symmetry of knee angles,
knee moments, or ground reac-
tion forces (GRF). However, 12
participants experienced more
symmetrical knee flexion with
the brace than without; in those
athletes, brace wear was also as-
sociated with greater GRF sym-
metry, according to Evan Mc-
Connell, MS, a graduate research
assistant in the Department of
Biomechanics at Virginia Tech,
who presented the findings.

–Jordana Bieze Foster
Source:
McConnell E, Queen R. Movement and
loading symmetry changes when wearing
a functional knee brace following ACL
reconstruction. Presented at the 2016
annual meeting of the American College
of Sports Medicine, Boston, June 2016.

Runners’ baseline may determine effect
of barefoot switch on loading symmetry
Among habitually shod runners
with a recent history of injury,
those with the greatest magni-
tudes of loading asymmetry are
those who are most likely to be-
come more symmetrical after
switching to barefoot running,
according to research presented
in early June at the ACSM an-
nual meeting in Boston.

Investigators from Spauld-
ing National Running Center in
Boston analyzed 67 habitually
shod runners as they ran on an
instrumented treadmill, first
while shod, then barefoot with
instructions and visual cues to
use a forefoot strike pattern.

For the group overall,
switching to barefoot running
was not associated with greater
symmetry for vertical average
loading rate (VALR), vertical 

instantaneous loading rate
(VILR), vertical force peak, or
stance time. In fact, VALR and
VILR were more asymmetrical
during the barefoot condition
than the shod condition. 

However, the runners in
the most asymmetric quintile
for each of the loading variables
did become more symmetrical
when running barefoot than
when shod, according to Adam
Tenforde, MD, an attending
physician at Spaulding Rehabil-
itation Hospital, who presented
the findings. 

–Jordana Bieze Foster
Source:
Tenforde AS, Ruder MC, Davis IS. Influ-
ence of shod and barefoot running
conditions on gait symmetry for injured
runners. Presented at the 2016 annual
meeting of the American College of
Sports Medicine, Boston, June 2016.

Continued on page 16
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selected speed along a 10-m
walkway. Responders and non-
responders were identified us-
ing the Outcome Measures in
Rheumatology and Osteoarthri-
tis Research Society Interna-
tional (OMERACT-OARSI) con-
sensus responder criteria, modi-
 fied for use with the HHS. 

Of the study participants,
110 were classified as respon-
ders and 14 as nonresponders.
The sensitivity of predicting a
nonresponder based on preop-
erative HHS alone was 57.1%.
However, the combination of
preoperative peak hip external
rotation moment and preoper-
ative HHS predicted response
with a sensitivity of 71.4% and
a specificity of 99.1%. The find-
ings were epublished by the
Journal of Orthopaedic Re-
search in May.

“Any survey instrument like

the HHS has a few limitations
for predicting response. One is
that it’s subjective. This isn’t bad
in and of itself, because obvi-
ously the patient is the expert
on how he or she feels,”
Foucher said. “Using gait analy-
sis or another objective physical
or functional measure to com-
plement a survey can help us
understand what we might do
to help a given patient achieve
his or her best outcome.” 

Peak hip external rotation
moment was 30% lower in
nonresponders than respon-
ders preoperatively, and 40%
lower in nonresponders than re-
sponders postoperatively, both
statistically significant differ-
ences. Sagittal plane hip range
of motion was 26% higher in
nonresponders than respon-
ders preoperatively, but did not
differ significantly between the

groups postoperatively. 
“I speculate that having as

much intact transverse plane
abductor function as possible
is important for clinical recov-
ery,” Foucher said. 

Foucher and her colleagues
are working to identify simpler
clinical tests, or combinations of
tests, that do as well or better at
predicting THA response, she
said. Further, Foucher wrote in
the paper, the findings suggest
additional analysis of the role of
transverse plane hip mechanics
could lead to interventions de-
signed to improve clinical re-
sponse after THA.  

However, development of
such interventions could be
complicated by the surgical
techniques used in many THA
procedures, said Dana Judd, PT,
DPT, PhD, an assistant professor

in the Physical Therapy Pro-
gram, School of Medicine, at
the University of Colorado in
Denver. 

“The presence of preoper-
ative external rotation moment
deficits before surgery seems
to lend itself to a preoperative
training program to improve it
before surgery. However, the
muscles responsible for stabi-
lizing the hip in this way are ei-
ther cut or split during the sur-
gery,” Judd said. “The shift in
current postoperative care
would be, in my opinion, to fo-
cus on movement retraining
and stabilization activities for
the hip, pelvis, and lumbar
spine.”
Source:
Foucher KC. Preoperative gait mechan-
ics predict clinical response to total hip
arthroplasty. J Orthop Res 2016 May 4.
[Epub ahead of print]
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TH E
BEAUTY AND GRACE 

of ballet en pointe disguises an impressive forced
arrangement of the bones of the ankle. A look deep down

inside reveals a fascinating picture—one might call it a marvel of
adaptive anatomy. Looking closely at the actual positions of the ankle

bones, one must acknowledge with respect the striking ability ballet
dancers possess to stand and dance en pointe.
Dancing en pointe (on the tips of the toes) is not for the faint of heart, nor

for the faint of ankles. It is a rigorous subdiscipline of ballet, and one that can be
fraught with difficulties and unsafe practices that may lead to foot and ankle injuries
in immature or weak tissues. One frequent problem is the practice of allowing young
girls to dance en pointe at a younger age than is advisable and without the necessary
skeletal, muscular, and technical development. 

Unfortunately, age by itself is not an acceptable criterion with which to make de-
cisions about starting pointe work. This is one reason that authors have identified ap-
propriate guidelines for beginning pointe training,1,2 and why the International
Association for Dance Medicine & Science provides a resource sheet (available in
several languages) to assist dancers, dance teachers, and dance parents with
making wise decisions about initiating pointe.3

Only one study is known to have investigated injuries related to danc-
ing en pointe specifically;4 it was preliminary and had several limita-
tions. However, research has shown repeatedly that a substantial
number of injuries occurring in professional ballet—in some

reports a majority—occur to the foot and ankle.5-10

Therefore, the presumption can be made
that, because pointe work is

By Jeffrey A. Russell, PhD, AT, FIADMS

The use of detailed orthopedic imaging to examine dancers’
ankles while in the en pointe position offers insight into 

the biomechanical demands associated with a 
position that, although highly unnatural, is 

nevertheless essential to a ballerina’s performance.
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integral to the repertoire of most professional classical ballet com-
panies, it is likely that dancing en pointe contributes to this injury
rate because of the extreme foot and ankle positioning it requires.11

A research window into the relative positions of the bones of
the ankle and foot has been opened using orthopedic imaging.12-15

These studies show precise orientations of the bones, using radio -
graphy12,13 and magnetic resonance imaging (MRI),14,15 and of the
soft tissues, using MRI.14,15 When viewed with these modalities, it is
clear the en pointe position is not natural—and is likely injurious.
However, with pointe work so important to the ballet aesthetic, it
serves the dance and dance medicine communities well to under-
stand the demands of this position with a view to ensuring that ballet
dancers, particularly young ones whose teachers and parents are
contemplating starting them en pointe, are as safe as possible in
the genre. 

Anatomy and stability
The standing x-ray of a ballet dancer in Figure 1 identifies the bones
of the leg, ankle, and foot. The talocrural joint comprises the distal
portions of the tibia and fibula (which form a box-like mortise) and
the talus. The rounded upper part, or dome, of the talus fits into the
mortise; in typical standing, primary weightbearing in this joint oc-
curs in the articulation of the distal tibia’s hyaline cartilage surface
and the hyaline cartilage of the talar dome. However, in an en pointe
stance, weightbearing of the tibia moves progressively posterior on
the talar dome and, in fact, the posterior portion of the tibia’s artic-
ular surface leaves the articular surface of the dome to rest on the
posterior talus15 as the posterior tibia, posterior talus, and superior
calcaneus converge.14 The en pointe x-ray in Figure 2 shows this
positioning. 

The convergence of the three bones is significant because this
“locks” the ankle into a more stable position en pointe16,17 than might
otherwise be predicted, based on the fact that the narrowest aspect
of the talar dome—the posterior aspect—is placed into the ankle
mortise during plantar flexion.18 That is to say, with the narrow pos-
terior dome in the mortise, one might expect relative joint laxity,19

but the locking function overrides this. Furthermore, MRI shows
more clearly than x-rays how the positioning of the tibia’s articular
surface is partially incongruent with the joint surface of the talus

(Figure 3). This may also provide stability, thanks to the roughness
of the nonarticular joint surface of the posterior talus resting under
the tibial plafond during full weightbearing en pointe.

Parenthetically, in spite of the extreme plantar flexion seen in
the talocrural joint, the position of the foot during pointe dancing
cannot rely on this motion alone. Attaining the full en pointe position
requires contributions from movements between the bones in the
foot.12,20,21 Examples of such movements include sliding between
the talus and the navicular, the navicular and the medial cuneiform,
and the medial cuneiform and the first metatarsal. These small in-
crements of motion combine to provide approximately 30% of the
plantar flexion range.12 In addition, it is noteworthy that the talus
shifts slightly anterior from under the tibia as the ankle-foot complex
moves en pointe.15 This subtlety arises because the converging tibia,
talus, and calcaneus form a fulcrum that applies an anterior force
to the talus, somewhat like a watermelon seed being squeezed from
between one’s thumb and forefinger.

Utility of MRI in visualizing en pointe
MRI is an ideal method of viewing the tissues of the foot and ankle
because, unlike x-rays, it provides a visual depiction of multiple

Continued from page 19
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Figure 1: X-ray of a ballet dancer showing the bony anatomy of the foot and ankle.

Figure 2: X-ray of a ballet dancer en pointe. The black arrow points to the area where
the tibia, talus, and calcaneus converge when a dancer is en pointe. The black dotted
line identifies the posterior portion of the talus beyond its articular surface. The white
dotted line denotes the corresponding portion of the tibia’s articular surface that rests
against the posterior talus in this position.





en pointe, especially motionless. In addition to the field strength lim-
iting the quality of the images, the scanning parameters must be set
suboptimally for the short scans, and any wavering by a dancer as
she balances on her toes creates artifacts on the images that can
render them difficult, if not impossible, to read accurately. 

Incidentally, a technical point of this method is that pointe shoes
without sole nails are required, as ferromagnetic nails disrupt the
magnetic field, creating unusable MR images (not to mention a
safety hazard). Gaynor Minden is one company manufacturing
shoes that do not contain nails in their soles; these were selected
for use in the studies described herein.

To mitigate the problems associated with open MRI units, we
developed a supine “en pointe” protocol.15 Replicating as true an
en pointe position as possible requires a dancer to wear a pointe
shoe and stand en pointe while her foot, ankle, and leg are splinted
with wood rods wrapped with Velcro straps (or other nonferro -
magnetic materials). Once affixed this way, the dancer is placed on
her back in a standard high-field strength (3 Tesla [3T]) MR scanner
with her ankle inside a knee coil, which helps focus the radiofre-
quency signals to optimize the resulting images (Figure 5). A similar
protocol, with the coil repositioned and the MRI parameters ad-
justed, could be used to visualize the foot in an en pointe position.

In one study15 we used this MRI protocol to review uninjured
ankles in six university-level dancers who had been dancing for an
average of 13 years and dancing en pointe for an average of seven
years. The dancers typically reported minor amounts of dancing-
related pain in their ankles and feet. All exhibited several traits in
their ankle MRIs: the posterior portion of the articular surface of the
tibia rested on a nonarticular surface of the posterior talus; the syn-
ovial sheaths of the flexor and fibularis tendons collected fluid;
Kager’s fat pad was impinged by the posterior tibial plafond; and
small ganglion cysts were apparent in one or more spots around
the ankle and proximal foot.

The images obtained with high-field strength MRI (Figure 3) are
of substantially higher quality than those obtained with the low-field
strength standing open MR procedure. It appears from the images
taken with this adapted method that the en pointe position is 

Continued on page 24
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Figure 4: A dancer standing in an open MR scanner. The right image shows of her
lower extremity with the ankle in a knee coil.

types of structures, not just bones. In addition, MR imaging does
not expose patients to ionizing radiation. However, imaging the
ankle and foot en pointe presents special challenges, and there is
one exception to the utility of MRI for this application: the inability
to incorporate a high-field strength scanner (ie, one with a strong
magnet that can produce very detailed images) for imaging a
dancer in the functional weightbearing en pointe position.

Prior to the work presented in this article, MR imaging was used
to assess potential ankle conditions in dancers.9,11,22 The goal of
these studies was primarily the identification of anatomical variants,
such as a protruding posterior malleolus of the tibia or superior tu-
bercle of the calcaneus, or the assessment of bone edema. How-
ever, more fundamental than these variants is the functional
anatomy of the ankle. This is because an understanding of how the
components of the ankle and foot align forms the framework for
teachers and practitioners for helping dancers be as healthy as pos-
sible when they undertake pointe training.

“Open” MR scanners exist that allow an individual to be upright
and weightbearing within a scanner instead of in the typical supine
position; these have been used previously to scan dancers standing
en pointe (Figure 4).14,23 However, the magnets used in these studies
are relatively weak (.25-.30 Tesla). Open scanners also are limited
in this application by the short amount of time a dancer can remain

Figure 3: Proton density-weighted magnetic resonance image of the ankle en pointe
with spectral attenuated inversion recovery (SPAIR) fat suppression taken by a 3T MR
scanner. This dancer was supine with her foot, ankle, and leg bound in the en pointe
position according to the method described in the article. The circle shows the area of
tibia, talus, and calcaneus convergence. The white dotted line indicates the portion of
the tibia’s articular surface that lies against the nonarticular posterior talus.
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essentially preserved even though the dancers are back-lying rather
than weightbearing. There are no qualitative differences in the po-
sitions of the bones when evaluated on the images from both tech-
niques, and the finding that the tibia, talus, and calcaneus converge
in every case holds true when the dancers are imaged supine15 as
it has in previous studies when they have been imaged while stand-
ing en pointe in an open MR device.14

Ongoing research
X-ray and MR imaging are useful for evaluating the extreme position
of the ankle and foot required to attain the en pointe position in bal-
let. The observation that the talocrural joint exhibits incongruence
when a dancer is en pointe leads to a logical next question: Does
the fact that the articular surface of the talus rests on the nonartic-
ular posterior talus increase the likelihood of ballet dancers devel-
oping early ankle osteochondritis or osteoarthritis? 

Although limited research on these in ballet dancers is pub-
lished, available reports are equivocal about the presence of de-
generation in the ankle.24-26 Thus, an important development in MR
imaging may be helpful for more accurately discerning whether
ankle osteoarthritis occurs in dancers’ ankles. Mapping of T2/T1�
MRI signals27,28 allows closer investigation of hyaline cartilage quality
than is possible with traditional MR imaging; it analyzes the relative
presence of proteoglycans and other important molecules in the
cartilage’s extracellular matrix. Hopefully, future research using this
technique will shed additional light on the extent to which pointe
dancing affects the ankle’s joint surfaces.

The supine method of high-field strength MR imaging of ballet
dancers’ ankles in the en pointe position is helpful clinically: Be-
cause the ankle’s structures can be viewed in the relative positions
in which they interact during pointe dancing it identifies structures
and pathologies that can hinder this type of dancing. Although rou-
tine MR imaging of all young dancers wanting to dance en pointe is
neither feasible nor advised, possible further applications of this
method in select dancers could include pre-emptively evaluating
positions of the bones or soft tissues that could lead to injury, with
the goal of initiating preventive conditioning or retraining. Addition-
ally, the technique may allow surgeons contemplating surgical in-
tervention in pointe dancers (eg, for os trigonum removal) to better
visualize both the pathology and the intended operative results. 

Conclusion
Dancing en pointe is a beautiful
and essential aspect of ballet
that has been entrenched
since Marie Taglioni’s pro-
gressive foray in La Syl-
phide during the 1830s. It
is the dream of young girls
who take ballet lessons to
obtain their first pointe
shoes and begin training in
this type of dance. How-
ever, such training is not

without a physical cost that
must be understood and amelio-

rated to the greatest possible 
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Figure 5: A dancer positioned supine, with her foot, ankle, and leg splinted,
for entry into a Philips 3T MR scanner.

degree within the context of the aesthetics of ballet.
The use of orthopedic imaging to examine pointe dancers’ an-

kles in detail offers insight into the demands placed on the ankle by
dancing en pointe, as these radiographic methods allow assessment
of the bones’ alignment. In short, this most unnatural of ankle posi-
tions causes incongruence of the proximal (on the tibia) and distal
(on the talus) articular surfaces of the ankle joint such that a section
of the hyaline cartilage of the tibia rests on a nonarticular portion of
the talus. 

With pointe dancing here to stay in ballet, these research find-
ings suggest that dance teachers, dance medicine clinicians, and
others responsible for the healthy practice of dance must help
dancers achieve their performance goals in a safe way. This includes
moderating young dancers’ commencement of pointe work until
they are maturationally and physically (and emotionally, for that mat-
ter) ready to take up this high-level training, a worthy goal suggested
by leading clinicians and dance medicine organizations. 

Jeffrey A. Russell, PhD, AT, FIADMS, is assistant professor of athletic

training and director of Science and Health in Artistic Performance

at Ohio University in Athens. He is a fellow of the International As-

sociation for Dance Medicine & Science.
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With the rise of a new crop of young stars and the anticipation of its
Olympic debut this year, golf continues to be immensely popular
for players and spectators alike. Golfing is a highly coordinated sport
that, by its nature, is associated with risk of repetitive motion
injuries.1 Its broad appeal, however, makes it a cross-generational
activity, attracting players with varying levels of ability and talent. 

Golf-related injuries of the spine and upper extremities have
been documented in the literature,2 but there is a lack of information
about its impact on the foot and ankle. Blistering is the most com-
monly reported lower extremity injury, but there are reported cases
of plantar fasciitis and ankle sprain in the clinic.3 Further, until quite
recently, little attention had been paid to the role of the foot and
ankle in golf’s biomechanics, particularly during the swing.4,5 An un-
derstanding of these mechanics will enhance clinicians’ ability to
help improve performance and prevent injury in golfers, particularly
with the use of foot orthoses.

Understanding the golf swing
In a survey of golfers, 46.2% reported sustaining an injury during
the golf swing.2 The swing accounts for nearly 60% of the golfer’s
game,6 and puts significant stress on the lower body. 

To better understand the demands on the body, this analysis
will discuss the swing motion in terms of four phases: ball set up
and foot stance, backswing, downswing (acceleration and ball im-
pact), and follow through (early and late).

Foot stance. To align the body with the target—the golf ball—
the golfer’s weight must be fairly equally distributed between the
feet, with slightly more weight on the back foot.7 In the optimal golf
swing, the golfer rotates around a fixed back foot, then transfers the
force to the front foot. Initial foot placement is critical, as a firmly
planted foot improves shot accuracy and distance; conversely, foot
slippage may negatively impact performance.8

Backswing. Golf involves large amplitude movements of the
lead hip—away from the ball on the backswing and toward the left
on the downswing in a right-handed player (opposite for a left-
handed player).9 The backswing positions the club head for a pow-
erful downward motion toward the ball.10 During the backswing, the
lead leg undergoes external rotation secondary to the right pelvic
internal rotation. This results in 60% to 80% weight transfer to the
trailing side10 and concomitant flexion, adduction, and hip internal
rotation on the same side.11 The trunk rotation required to increase

the club head speed puts stress on the lumbar spine and may harm
overall spine health.9

If the range of motion on the lead side hip is restricted, the
spine may be negatively affected. However, allowing the lead heel
to rise from the ground during the backswing may allow more pelvic
rotation and decrease stress on the spine.9

Downswing. The goal of the downswing is to return the club
head to the ball with maximum velocity and accuracy.10 In the mod-
ern golf swing, the lead hip initiates and accelerates the left back-
ward pelvic motion (in a right-handed golfer) by activating the left
vastus lateralis and adductor magnus, which are active through
weight transfer, and the right gluteus medius, which drives the rota-
tion.11 Similar to the backswing, reducing the fixation of the foot dur-
ing rotation toward the ball may also decrease the compressive,
rotational, and side-bending forces experienced by the spine.9

Because club head velocity is associated with weight transfer
to the lateral target forefoot in amateur golfers, footwear or orthoses
that shift weight anteriorly and laterally could help increase club
head speed in this group.12 Specifically, elevating the heel and pro-
viding medial arch support may increase club head speed in golfers
at this skill level.

The downswing is associated with high peak loads on both the
lead and trail knee.13 In a study of healthy collegiate golfers,14 the
magnitude of the knee varus/adduction moment on the target side
(just after ball contact) is higher than values reported in the literature
for gait and stair ascent. These findings may be relevant for golfers
with medial tibiofemoral compartment arthritis and must be consid-
ered in return to golf after knee surgery.14

Changing the initial foot position from straight to externally ro-
tated has not been shown to reduce valgus stress at ball impact14

but may be effective in reducing the varus force. Interestingly,
footwear design (spiked vs spikeless) does not affect these forces.8,13

Lateral wedging of orthoses may significantly reduce varus force at
the knee in the golfer with degeneration of the medial
compartment.15 However, a comprehensive full-body approach may
be a more effective way to minimize the stresses associated with
hip, knee, and foot rotation. According to Wadsworth, treatment
must always “address assessment of deficiencies in the kinetic
chain.”16

Follow through. The purpose of follow through is to decelerate
the body and club head.10 As the trunk rotates to the left and hips
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the orthoses were of a specific design. Nonetheless, the positive
findings are worth considering in the clinical management of any
golfer. 

Dynamic postural control is a key component of the backswing
and follow through.22 A recent study suggests that flexible orthoses
may positively influence golfers’ balance and proprioception,4 which
suggests such devices may have benefits for those aspects of the
golf swing. This study had several limitations—it lacked a control
group, the potential effect of the learning curve was not assessed,
and the sample size was too small for full extrapolation—however,
the findings suggest the need for further research.4

Ensuring comfort without disrupting balance will continue to be
of paramount importance for a long and healthy golf habit, in spite
of the variable research findings.  As such, orthotic management in
golf should consider: 

1. Flexibility to allow the foot’s dynamic function, including prona-
tion/ supination, mediolateral movement,
heel lift, and foot rotation;9,10

2. Appropriate fit within the shoe
to reduce slippage during downswing
and ball impact;8

3. Full-length insert to reduce the
translation of the foot within the shoe
and potentially enhance accuracy and
speed;8

4. Inserts with a textured top-
cover to improve the coefficient of fric-
tion at the foot–orthosis interface and
potentially enhance proprioceptive
input and balance;8,22,23

5. Modifiable or semimodifiable
devices to address the variable de-
mands on the foot during the golf swing
and while ambulating on the course;10

6. Modifiable to allow wedging
laterally to reduce varus force at the
knee in golfers with medial knee
pathology;15

7. Inserts composed of light-
weight carbon fiber to allow redistribu-
tion of force in the forefoot;21 and

8. Lightweight and flexible materi-
als to reduce fatigue associated with
long periods of repetitive weightbear-
ing and load shifting.23

The effects of orthoses on foot and ankle mechanics, as well as
knee valgus and hip torque in golfers—among other sports—merit 
further study. The growing number of mature golfers who wish to pur-
sue the sport in spite of “failing joints” must be met by advancements
in orthotic science. Addressing deficiencies in the kinetic chain will
have an impact on both injury prevention and performance enhance-
ment and forge the way to a better, healthier game. 

Patricia Pande, MClScPT, CSCS, CPed, is a physical therapist, pedor-
thist, and strength and conditioning specialist based in Durham, NC.
She is the founder of FootCentric, an online continuing education com-
pany dedicated to comprehensive, multidisciplinary foot treatment. 
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externally rotate, the lead ankle simultaneously internally rotates
and supinates.10 Fradkin et al found that most foot and ankle injuries
in golfers were related to inversion (supination) of the ankle during
follow through.2 The rotational motions may also result in increased
stress to the ligaments and meniscus of the knee.17

Footwear and injury reduction 
Golf shoes with traction are almost as old as the sport; they first ap-
peared in 1857.18 During the 1900s, golf shoes were basic wing-
tip Oxfords with spikes. Because spikes damaged the golf course
turf, however, design changes followed. Footwear is now specialized
for golf biomechanics, but sole shape and spike configuration is
much the same as in the past.8 Williams and Cavanagh identified
shear and vertical force as the most important elements influencing
golf shoes’ resistance to slippage, force generation, and stability.19

Counterintuitively, modern golf shoes have not proven to impact
drive accuracy or distance.8 However,
flexible custom orthoses have been
associated with increased club head
velocity, as discussed below.5

There has been little study of
how golf shoe design parameters and
comfort influence injury prevention.
Shoes do need to provide stability,
support, and traction while allowing
divergent use of both feet and mini-
mizing the discomfort and fatigue as-
sociated with negotiating a golf
course’s variable topography. It is a
formidable challenge for a single shoe
design to meet the complex biome-
chanical demands of the golf swing
while providing enough comfort to
traverse uneven ground. Addressing
the variety of demands on the foot by
switching footwear at differing times
in the game could be a strategy in
recreational golfers with disabling foot
and ankle pain.

Foot orthoses 
The biomechanics of golf demand
foot orthoses that can address a mul-
titude of foot positions. Although pre-
fabricated orthoses can help improve
posture in the back foot, the effect may be limited by the devices’
inability to fully address the differences between the lead and trail
feet.20 Semicustomizable carbon fiber orthoses that can accommo-
date posts or pods as needed merit individual study in the clinic or
on the golf course. The asymmetrical mechanics of the golf swing
are similar to the cutting motions in other cleated sports. Therefore,
transferring stress with carbon fiber while maintaining flexibility may
positively affect the forefoot during the golf swing, as it has been
shown to do during cutting.21

Flexible customized foot orthoses have been associated with
a positive influence on pain and fatigue in golfers.4,5 The researchers
noted the results cannot necessarily be extrapolated to all golfers,
as the study participants were drawn from a specific population and
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Separating possible work-related causes
from possible away-from-work causes can
be contentious in worker’s compensation
cases involving overuse injury.
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In worker’s compensation cases, including
those involving knee osteoarthritis, an 
expert witness often will be asked to use
his or her knowledge of biomechanics to
provide an opinion supporting or refuting
a causal relationship between work condi-
tions and an overuse injury.

By Steven T. McCaw, PhD

Litigation following personal injury is widespread in today’s society.
Determining cause and allocating responsibility are at the heart of
financial settlements in both criminal and civil cases. The social and
economic consequences of the assigned liability can be enormous.
In such cases, particularly those involving workplace injuries, lower
extremity biomechanics often plays a key role.

The worker’s compensation (WC) program provides coverage
for medical and economic costs, such as lost wages, resulting from
a workplace injury. WC programs began in the US in the early
1900s, and since 1949 all states have provided programs.1 Under
WC, employees forfeit the right to sue an employer for negligence
in exchange for assured, but limited, compensation. WC provides a
form of disability, health, and life insurance, with disputed claims ad-
judicated by a state administrative board overseen by an adminis-
trative judge instead of through a trial court. The board resolves
contested claims by determining if an injury is work related. Appeals
are generally limited, as one purpose of establishing WC was to re-
duce court adjudication of claims. 

Establishing that workplace conditions or events were respon-
sible for an injury can be a contentious issue in WC. In cases of trau-
matic injury, it’s typically easy to isolate a single causative incident,
such as a trip, fall, or crushing event. Overuse injuries are problem-
atic because they develop from repetitive loading and not a single,
isolated trauma. The task of separating possible work-related causes
from possible away-from-work causes can be contentious in cases
involving overuse injury. If the injury did not occur at work, any ben-
efits must be covered through private insurance and not by WC.
Claims for overuse injury are frequently challenged by employers,
particularly in the manufacturing sector, where WC expenses rep-
resent 3% of overall employee costs per hour.2 

Unlike the prosecution in a criminal case having to prove an
accused individual’s guilt “beyond a reasonable doubt,” in a WC
claim, showing causation requires support from a preponderance
of the evidence, as carefully woven into a case by an attorney.3

When knee OA research
becomes legal testimony



Often, a witness will be asked to use his or her knowledge of bio-
mechanics to provide an expert opinion supporting or refuting a
causal relationship between work conditions (identifying a source
of the loading) and an overuse injury (developing from a known
loading pattern). The opinion must be supported by evidence to a
reasonable degree of scientific certainty, with the presiding judge
determining the case outcome based on which side best demon-
strated that standard. 

The Occupational Safety and Health Administration (OSHA)
guidelines4 mandate that an employer “shall furnish to each of his
employees employment and a place of employment which are free
from recognized hazards that are causing or are likely to cause
death or serious physical harm.” Many WC disputes on overuse in-
jury arise from the nebulous statements “recognized hazards that
are causing or are likely to cause” and “serious harm.” 

The biomechanics of osteoarthritis
Osteoarthritis (OA) is a widely prevalent degenerative joint condi-
tion, affecting about 12% of the adult population in the US. OA is a
“whole joint” disease because every anatomical structure within and
around a joint is affected.5 Patterns of OA have been linked with
certain occupations,6 and the job-related costs for medical treat-
ment and lost productivity related to OA are in the billions of
dollars.7 OA is a form of “serious harm.” 

Structurally, knee OA is characterized by the thinning and even-
tual disappearance of articular cartilage. Damaged cartilage cannot
heal because it is nonvascularized. Progressively, the articulating
bone surfaces become denser, osteophytes project into the joint

space, ligaments loosen, the joint capsule thickens, and surrounding
muscles weaken through atrophy and changes in neural drive.8-11

Importantly, the area of the cartilage that provides contact between
the bones of the joint becomes smaller as it degenerates, altering
the distribution of stress over the joint surfaces.12 In advanced knee
OA, the cartilage wears away completely and the surfaces of the
now-contacting bones become severely deformed. 

Cartilage changes associated with knee OA are typically evi-
dent on x-rays or magnetic resonance imaging before symptoms
are reported. As mentioned, cartilage is not easily, if at all, re-
pairable. This is important because the joint has typically reached a
significant level of deterioration before interventions are started to
treat the symptoms and slow progression of disease. 

Knee OA interferes with kinesthetic sense, the ability to detect
joint position and change of position. Kinesthetic sense is necessary
to control the joint and to prevent excessive movement. Loss of po-
sition sense leads to additional knee instability,13 and higher joint
stress beyond that is caused by mechanical damage to the joint
structures. This exacerbates the progression of knee OA and inter-
feres with activities such as walking and stair use. 

Clinically, knee OA includes symptoms specific to the joint
(pain, perceived weakness, instability, and joint buckling) and symp-
toms specific to activity (impaired locomotion, ability to work, and
recreation). Joint stiffness, swelling, inflammation, tenderness, crepi-
tus, and limited range of motion are typical. Symptoms are aggra-
vated by, and continue following, joint use. 

The initiating factors for knee OA remain controversial, and this
controversy underlies some companies’ reluctance to pay knee OA-
related WC claims. Two hypotheses dominate the discussion of knee

Continued from page 29
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OA initiation. The inflammatory hypothesis14 posits that inflammation
within the joint capsule initiates the cartilage degeneration. The me-
chanical hypothesis15 states that joint malalignment or injury alters
the stress distribution over the cartilage within the joint to initiate
the degenerative process. 

What is not controversial is that, regardless of the initiating
source, both mechanical loading and inflammation are present as
joint failure progresses.14,15 Treatment of the inflammation and other
clinical symptoms will not reverse OA, or even slow progression,
unless the source of mechanical loading is reduced or eliminated.
Continued loading of a degenerating joint makes it inevitable that
the degeneration process will continue. The problem is a conun-
drum in the workplace when repetitive loading is imposed by the
design of or the requirements of a task performed at a workstation.
For this reason, repetitive loading is a recognized hazard likely to
cause serious physical harm in the form of OA.

A case in point
In a disputed WC claim, I was retained as an expert witness for a
57-year-old man following denial of coverage for knee joint replace-
ment. He was morbidly obese with tricompartmental OA in his left
knee, and had been employed by a manufacturing company for 36
years. The employer contended that his task, which included step-
ping up and down a 7-inch step four times per hour, had not caused
the OA, and claimed the degeneration resulted from regular activity.
The worker countered that several work incidents, including a slip
on a bolt four years prior and a severe twisting of his knee when it
gave out while he was stepping down from his platform two years
earlier, caused knee joint damage that was aggravated by his con-
tinued use of the workstation step. 

Clinical notes and medical records from physicians are needed
to provide a critical foundation for any disability claim related to an
overuse injury. Documented symptoms, and the diagnoses, prog-
noses, treatment plans, and prescriptions, supplemented with notes
from physical or occupational therapists, create a timeline for the
onset and progression of a condition. In the disputed case, records
over the previous five years from the claimant’s personal physician,
the company medical team, and an independent orthopedist doc-
umented the progression of his OA. This included degeneration of
the joint capsule, atrophy of the neuromuscular system, and symp-
toms including pain, inflammation, perception of instability, impaired
movement, and sleep disturbances. The records also summarized
the medical interventions that had been used, including diagnostic
imaging, arthroscopic surgery (meniscectomy and chondroplasty
three years earlier), oral medication, and anti-inflammatory injec-
tions. These provided only temporary pain relief and did not slow
progression of OA to its advanced stage. There was general con-
sensus that a joint replacement was necessary because conserva-
tive treatments had failed. 

One aspect of the employer’s liability in the claim was attributed
to the design of the workstation, specifically repetitive use of the 7-
inch step. The claimant’s lawyer retained my services to provide an
opinion on whether the workstation step exacerbated the progres-
sion of his OA.

Stair negotiation and knee OA
The three primary functions of the lower extremity during locomotion
are energy absorption, energy generation, and support.16 Compared
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with level walking, each function is more demanding during stair
negotiation. During lead foot contact in descent, the knee joint first
flexes to absorb the downward momentum, then extends briefly to
stabilize the body, and finally flexes again to lower to the next step.
The loading of the lower extremity joints is increased by the need
for a greater range of motion and higher muscle joint torques when
navigating a step.20,21

Difficulty with stair use is a common complaint in patients with
knee OA because of increased pain, muscle weakness, and the per-
ception of the knee “giving out.”17 Individuals with knee OA compen-
sate by using a strategy different from healthy individuals during
stair use. They use steps more slowly than healthy individuals, which
is most evident during stair descent, when controlling the body’s
downward momentum is critical. 

Ground reaction forces (GRF), the external forces produced at
the foot-ground interface to control locomotion, are higher during
stair use than during level or sloped walking. The initial impulsive
load magnitude at stair contact is about 33% higher and the loading
rate is about 68% higher compared with initial contact during walk-
ing.18,19 Coordinated joint flexion, controlled by eccentric muscle ac-
tivity, is important to attenuate these forces as they propagate toward
the head. Because they encounter greater absorption and stabiliza-
tion demands while perceiving joint instability, patients with knee OA
typically use a slightly wider step width,18 a more extended knee po-
sition at stair contact,18 and less joint flexion during absorption and
body lowering than healthy individuals.20 Reconciling the conflict be-
tween energy absorption and stability, individuals with knee OA ac-
cept higher joint loading to achieve greater joint stability.

Greater joint torques are required to control individual joint flex-
ion and extension in patients with knee OA than in controls, and
these joint torques result from higher levels of muscle activity. The
activation level of both the quadriceps and hamstring muscles are
slightly higher for individuals with knee OA than for those with
healthy knees. This is of great importance because the increased
muscle forces around the joint raise the bone-on-bone force within
the joint more than can be attributed solely to the fluctuating GRFs.
Greater activation of weaker muscles suggests individuals with knee
OA use a higher percentage of their functional capacity than healthy
individuals.19,21 Thus, individuals with knee OA are more likely than
those with healthy knees to fatigue with repetitive step use, further
impairing energy absorption and creating a greater risk of falls.21 

By descending more slowly and using less knee flexion, individ-
uals with knee OA can reduce their net loading at the knee joint. Be-
cause knee OA reduces the joint contact area, however, stress on the
remaining cartilage remains high in spite of the reduced loading.22

Even with adaptations, continued step use contributes to the degen-
erative process.

Criteria for causation
The medical literature is typically based on studies of large samples.
But injuries happen to individuals, not populations, and individuals
vary in measured response across a sample. To present a convinc-
ing expert opinion implicating step use as a contributor to knee OA,
it was important to meet three criteria23,24 for causation:

1) Show the OA followed the loading in an appropriate tempo-
ral sequence; 

2) Present objective evidence of both the loading exposure and
the OA development; and

3) Demonstrate the biomechanical plausibility that the loading
exposure exceeded the tolerance known to increase risk for knee OA.

These criteria of causation were met by combining the medical
records and work history with the literature on the biomechanics of
step use. The documented history of reported symptoms, physical
evaluations, and medical treatments established the timeline of OA
development following the employee’s slip on the bolt. His work
history of continued step use without significant modification, other
than temporary restrictions immediately following his surgery, con-
stituted repetitive loading that occurred during the period of OA
progression. Synthesizing the published literature on knee loading
during step use and on knee OA pathogenesis demonstrated the
biomechanical plausibility of step use at work being a primary con-
tributor to onset and progression of the employee’s knee OA. 

The decision
With these criteria covered, it was not difficult to confidently provide
and defend an opinion that the step use at work was a probable
causative factor in the onset and progression of OA necessitating
knee joint replacement. The administrative board accepted this as
a convincing opinion and ruled that the employee’s OA was work-
related. However, because of the possible precedent-setting nature
of the decision as it applies to the widespread prevalence of OA in
workers, the case is under appeal.  

Steven T. McCaw, PhD, is a professor emeritus in exercise science
from Illinois State University in Normal and now consults on per-
sonal injury cases through McCaw Biomechanics Consulting in
Charleston, IL. 

References are available at lermagazine.com.
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Stroke rehab: Strategies
to improve gait velocity

Multiple techniques can help improve gait
speed after stroke, from therapeutic exer-
cise to task-specific training to orthotic de-
vices. Despite a growing body of research
in this area, however, it is still not clear
which intervention is most appropriate for
which patients. 

By Hank Black

When driving a car, speed can kill. But gait speed, in many patient
populations, is an indicator of survival. It’s been called “the sixth vital
sign.”1 Famously, Stanaway et al, in studying a large group of com-
munity-walking older men, determined a speed (1.36 m/s) at which
an individual might “outwalk the Grim Reaper.”2

Walking velocity can also track progression through rehabilita-
tion for individuals who have experienced a hemiplegic stroke.
Walking speed, or changes in it, can help predict hospital discharge
location and the need for rehabilitation.3 In people with stroke, gait
speed also has been found to be significantly correlated with func-
tion and level of disability.4,5

In the first week after experiencing a stroke, 63% of patients
are unable to walk without assistance, and 50% cannot walk even
with help,6 so it’s no surprise that a return to walking is a primary
goal of rehabilitation.7

Once patients are medically stable, the goal of the acute care
team is to get them up and taking steps if the insult to the central
nervous system will allow it. Most patients ambulate more slowly
poststroke than they did prior to the stroke due to reduced
strength,8 balance,9 and cardiovascular fitness;10 impaired cogni -
tion,11 as well as prestroke function, also contribute to ambulatory
status.

If ambulation is a plausible goal for an individual poststroke, a
multitude of techniques are on the table, from therapeutic exercise
to task-specific training to orthotic devices, or a combination of
some or all of these.12 Despite a growing body of research in this
area, however, it is not clear which intervention is best and when
it’s best to apply it—at least in part because stroke is highly individ-
ualized. 

“Truly, if you’ve seen one stroke, you’ve seen only one stroke,
so an initial evaluation that can define the specific deficits from
stroke is critical to developing the rehab plan,” said Steven R. Flana-
gan, MD, chair of the Department of Rehabilitation Medicine at New
York University Langone Medical Center in New York City. “The
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Ankle foot orthoses and other orthotic
devices for poststroke patients need to
provide stability even as they allow for
increasing mobility and gait speed. 
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amount of time a patient spends in the acute rehabilitation facility has
decreased over the past several years, so our primary focus is to tailor
a program to get folks to where they can at least negotiate within the
home environment and realize that most near-term and long-term
goals will mostly be attained in the home or outpatient setting.”   

Regardless of the rehab approach used, gait speed is an im-
portant outcome measure. Perry et al4 developed three categories
of gait speed that correlate with increasing levels of function. Some-
one who walks slower than .4 m/s is classified as a household am-
bulator, one whose gait speed is between .4 m/s and .8 m/s is a
limited community ambulator, and one who walks faster than .8 m/s
is considered able to walk in the community without substantial lim-
itation. The minimum speed for unlimited community ambulation al-
lows someone to cross a street before the traffic light changes.
Those people who recover walking velocity and progress from one
category to another experience increasingly better function and
quality of life.5

The window of opportunity for increased function after stroke
has widened over the years, Flanagan noted, but the most consis-
tent and dramatic return of function occurs in the first few months
following a stroke when the brain is most capable of remodeling,
or neuroplasticity.

Although it can be a useful outcome measure, gait speed itself
may not be the first concern of a clinical stroke rehabilitation team,
experts say. 

“We initially try to improve the manner with which patients walk,
making sure their mechanics are right, and as that improves we may
want to pick up their speed,” said Flanagan, a member of the Board
of Governors of the American Academy of Physical Medicine and
Rehabilitation.

Other therapists may emphasize intensity of training, and the
number of repetitions of steps, over biomechanics. Trisha Kesar,
PhD, PT, assistant professor of rehabilitation medicine at Emory Uni-
versity School of Medicine in Atlanta, GA, said each method has
pros and cons, and using only one global outcome measure such
as walking speed for all interventions would be unfair. 

Although her background is in biomechanics, in which quality
of gait is paramount, Kesar said she sees an advantage of increasing
speed and number of steps in the limited period of time available
in a therapy session. A conventional outpatient rehabilitation ses-
sion, she said, might be divided between several types of training,
including balance, strength, walking over ground with assistance,
and a few minutes on the treadmill. 

“The problem is that, in forty-five minutes of therapy, which is
what insurance pays for, you can’t focus on any one aspect long
enough to effect long-lasting changes in function and take advan-
tage of the brain’s neuroplasticity. That’s the disadvantage of circuit
training,” she said. “Spending more time on treadmill training, in
contrast, provides the ability to practice thousands of steps in a rel-
atively short period of time, even if every step is not biomechanically
beautiful. Intensity and repetition should be good for changing brain
function after stroke.”

Because stroke patients’ walking ability can vary even among
those with anatomically similar brain lesions, Kesar would like to see
more research focusing on tailoring rehabilitation to a patient’s
baseline impairments and goals. 

“This would help provide the basis for guidelines and criteria
for decision-making about the best approach. But in general, gait

speed and long-distance walking are the focus for function and re-
turn to work after stroke,” she said. 

Most interventions will improve speed, Kesar said, though the
literature offers little help in determining which is best for a given
patient. Task-specific training includes both circuit training, func-
tional task practice, and treadmill training (with or without body
weight support). Therapeutic exercise includes strength and resist-
ance training, along with balance and cardiovascular/aerobic train-
ing. Orthoses, either conventional devices or those that provide
nerve stimulation, are a third type of intervention frequently used
early in the rehabilitation process to complement other therapies.12

AFOs and gait speed
Conventional ankle foot orthoses (AFOs) and sometimes knee ankle
foot orthoses (KAFOs) are by far the most common devices used in
poststroke rehabilitation, though training with neural stimulation de-
vices is receiving increasing attention. Orthotic devices can help
combat foot drop,13 which is common to individuals poststroke, and
allow gait training to start early on in the process. They are not, how-
ever, a substitute for functional exercise if the prognosis for motor
recovery is good, experts say.14

Keith M. Smith, CO, LO, FAAOP, of Webster Groves, MO, past
president of the American Academy of Orthotists and Prosthetists,
described a bracing program for a poststroke patient as like a ladder. 

“The particular deficits to be addressed determine which rung
the patient is on in the climb back to independent ambulation,” said
Smith, who is in private practice at Orthotic and Prosthetic Lab in
St. Louis. “The orthosis must be set up to be able to adapt to in-
creasing strengths and ranges of motion, such as having the de-
vice’s joints vacuumed in a solid design so it can later be converted
to an articulating device as strength increases.”

Orthotic devices for this population need to provide stability
even as they allow for increasing mobility and gait speed, said Hilary
Englehardt, LCPO, MBA, area clinic manager at Hanger Clinic in
Seattle, WA. 

“We like to allow as much range of motion as possible while
maintaining proper alignment and ensuring that the patient is sta-
ble,” Englehardt said. “Patients must be stable while standing before
they can progress to working on their gait. If an evaluation of muscle
strength reveals flaccidity and little muscle strength below the knee,
we will increase the patient’s stability by providing a more rigid 
orthosis.”

The stability an AFO provides on the affected side allows a hemi-
plegic patient to advance the unaffected leg more quickly, she said. 

“We look at how the design of the orthosis helps the patient
progress through stance phase while the affected foot is on the
ground. We observe what happens at heel contact, how the tibia
progresses through stance, and then how the patient rolls up on
their toes, because that whole motion should be smooth and con-
trolled,” Englehardt said. “In the case of weak dorsiflexors or drop
foot, providing assistance in picking up the foot increases ground
clearance and allows them to swing that limb faster and clear the
ground without lifting from the hip.”

Timing of orthotic therapy is crucial for maximizing ambulation,
Smith said, with early intervention most likely to prevent compen-
satory pathological gait patterns from developing and persisting. For
example, he said, a patient with increased gastrocsoleus spasticity
tends to quickly develop secondary knee hyperextension; if left
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untreated, this could cause a full loss of passive range of motion in
the muscle, potentially leading to a strong pattern of knee hyper -
extension that in some cases may require trading a simple AFO for
a device that extends more proximally.  

“The goal is always to do the least amount of bracing necessary
to provide most function,” Smith said. “Typically the issue poststroke
is what limits, assistance, or resistance do we need when choosing
the AFO design. For example, will we need a dorsiflexion assist or
plantar flexion or dorsiflexion stops? What motions can we allow?
And should we rocker the shoes that will be used with the AFO?” 

AFOs can induce an increase in gait speed by overcoming ex-
cessive plantar flexion and allowing the heel of the affected limb to
contact the ground first. Karen J. Nolan, PhD, senior research sci-
entist at Kessler Foundation in West Orange, NJ, found that AFO
preservation of the first rocker provided the rollover effect that pre-
serves momentum and increases gait speed.15 Her research group
also looked at changes in propulsion force at third rocker, or toe-
off, but the results were inconsistent, Nolan said.

The AFOs used in that study were of a rigid design. As for en-
ergy-returning AFO designs, she said, “We’ve seen some very pos-
itive outcomes with those devices in the movement at the hip and
at the ankle,16 but we did not investigate the propulsive act.” 

Researchers have yet to examine whether newer joint technol-
ogy systems that provide controlled or resisted motion will further
impact gait velocity. 

“These systems provide a controlled resistance into plantar flex-
ion ensuring a heel strike at initial contact but also a true first rocker

to accept weight in early stance,” Smith said. “The determining factor
is the extent of knee hyperextension and whether a plantar flexion
stop would be necessary to ensure that the tibia would advance
over the foot rather than into knee hyperextension as the patient
progresses into the second rocker.”

Rocker shoes, which also help propel patients through the gait
cycle, are another option for stroke rehab, especially for those who
need the additional stability a solid AFO provides. In a recent study,
Farmani et al concluded that, when patients using AFOs also wore
rocker shoes, their functional mobility improved and oxygen cost
diminished.17

“If we lock down the patient’s ankle with a solid orthosis, we
need to consider putting a rocker type sole on the shoe so they
have a smooth progression through stance,” Englehardt said. “The
degree of rocker depends on the patient’s stability. Those who have
better balance, proprioception, and strength can maintain control
with a greater rocker, and a minimal rocker is better for those not
quite ready for that much motion.” 

Rocker shoes may not be right for all patients, however. 
“The advantages of a rockered shoe to replace the rockers lost

with a solid AFO are great, but getting the patient to wear shoes
with extra sole height can be challenging as they can be heavy, ex-
pensive, and cosmetically unappealing,” Smith said.

Functional electrical stimulation
A recent review of six randomized controlled trials found functional
electrical stimulation (FES) of the peroneal nerve for foot drop after
stroke was as effective as conventional AFO use for increasing gait
speed.18 

“FES actually does more than mechanically reduce foot drop,”
Nolan said. “We looked more in depth at use of the device in com-
munity ambulation over a one-month period and found it can retrain
the activation of the tibialis anterior muscle so when it’s removed
the effect continued.19,20 So the FES resulted in a therapeutic effect.”

Kesar said recent studies21,22 from the University of Delaware
in Newark showed a combination of fast treadmill walking and FES
increased energy efficiency, as well as performance in distance
tests. Her lab is studying whether the improvements in endurance
after such a program are due to cardiovascular benefits of the faster
exercise or to a neuroplastic effect strengthening brain-muscle con-
nections. 

“We are using transcranial magnetic stimulation and peripheral
electrical stimulation to study if there are changes in spinal or brain
circuity with gait rehabilitation,” she said. “But, in parallel with that,
we are monitoring biomechanics of the gait in an attempt to tease
apart when the quality of walking function changes and when speed
or endurance changes. That will tell us whether the time course of
change in gait quality, neuroplasticity, and speed or endurance are
similar. We also want to know whether we’re improving both legs
simultaneously or preferentially changing function in the leg affected
by the stroke versus the other.”                                                         

The neuroplastic abilities of the brain are also the focus of still
other areas of stroke rehabilitation, including constraint-induced
therapy.23 More widely used for upper limb impairment because of
the obvious difficulty of constraining the unaffected lower limb post-
stroke, the therapy forces the affected limb to be used repetitively
over several weeks, theoretically inducing the development of ap-
propriate neural connections. 

Kesar said a similar effect can be seen by preferentially training
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the stroke-impaired leg instead of constraining the unaffected leg. 
“FES can achieve a similar preferential activation of the muscles

of the affected leg. We are also looking at split-treadmill walking, dif-
ferentially speeding up the affected leg’s treadmill belt, but haven’t
yet defined the biomechanical effects of this treatment,” she said.
“It’s tricky, because preferentially speeding up the affected leg may
help with some mechanics, but slowing it down may help with oth-
ers, such as the asymmetry of a limp. Again, the intervention has to
be customized according to an individual’s impairment instead of a
one-size-fits-all strategy.” 

Asymmetries after stroke are related to slow gait speed.24 Reis-
man et al found step-length asymmetry could be improved post-
stroke with repeated split-belt treadmill training.25 She also led a
group that reported the effect of step-length symmetry continues
after the training, when walking on same-speed belts.26,27 The com-
pelled body-weight shift approach28 proposed by Aruin et al (see
“Inserts improve symmetry, velocity in stroke patients,” June 2013,
page 23) also calls on the brain’s neuroplasticity in forcing increased
weightbearing on the weaker leg to improve symmetry and gait
speed, Kesar noted. 

“You place a lift under the unaffected foot, so in a way it’s sim-
ilar to using the split-belt treadmill,” she said. “If you put in a little el-
evation preferentially on one leg, you bias the system to force the
other leg to bear more weight.”  

Measuring gait speed
Measuring gait speed is easy, cost effective, and takes very little time.
A stopwatch is the only equipment required. Setting up the test is as
simple as marking off a straight line 20 meters long and subtly mark-
ing the middle 10 meters, which is the only distance timed. The pa-
tient walks at a self-selected (safe and comfortable) speed. In
confined spaces, an even shorter distance may be measured.1

Defining clinically meaningful improvement in gait speed is
more difficult. In a 2006 study of a diverse group of older adults
with varying diagnoses, .05 m/s was cited as the necessary change
for a meaningful improvement in walking speed.29 But, for patients
with subacute stroke, Tilson et al used data from the LEAPS (loco-
motor experience applied poststroke) multisite randomized clinical
trial to develop a reference value of .16 m/s as a minimal clinically
important difference that can be used to develop target goals and
interpret progress.30

Experts interviewed for this article agreed that gait speed is an
important sign of progress in stroke rehabilitation while acknowl-
edging that no research has defined the best intervention to target
it. But NYU Langone’s Flanagan is optimistic. 

“One of the problems in doing research in rehabilitation medi-
cine is the tremendous heterogeneity of stroke; the phenotype is
so variable. And you can’t do a placebo trial because that means
you don’t provide rehab to some patients,” he said. “But we recog-
nize these challenges, and I believe the increasing volume and qual-
ity of research in stroke rehabilitation will be able to provide the
answers we need.”  

Hank Black is a freelance writer in Birmingham, AL. 

References are available at lermagazine.com.
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Posture-specific strength 
and landing mechanics

Recent research suggests that training 
designed to maximize strength at deeper
knee flexion angles during landing may be
warranted, especially in female athletes, to
help reduce the risk of anterior cruciate 
ligament injury without inadvertently
compromising jump height.

By Boyi Dai, PhD; Jacob S. Layer; and Taylour J. Hinshaw

Landing is a type of fall in which the person falling is able to strike the
surface with controlled movement patterns. During landing activities,
the musculoskeletal system responds to the landing surface by gen-
erating forces and moments that progressively decelerate the body’s
downward velocity.1,2 Inappropriate landing patterns are associated
with increased risks of lower extremity injuries, such as anterior cruci-
ate ligament (ACL) injury and patellofemoral pain syndrome. 

Video analysis has shown that individuals who suffer ACL injuries
typically demonstrate decreased knee flexion angles and increased
knee valgus–varus angles during landing near the time point at which
the injury occurs.3-7 Prospective studies have suggested that athletes
who land with relatively large knee valgus angles and moments, high-
impact ground reaction forces, small knee flexion angles,8 and small
sagittal plane joint displacements9 during baseline assessments are
more likely to suffer ACL injuries. Another prospective study has iden-
tified relatively small knee flexion angles and ground reaction forces
during landing, as well as relatively weak quadriceps and hamstring
muscles, as risk factors for patellofemoral pain syndrome.10

Based on these identified landing-specific risk factors for ACL in-
juries, one strategy for at-risk individuals to decrease that risk is to land
with more knee flexion, less knee valgus, and lower ground reaction
forces. Using different feedback modalities, including verbal, visual,
and tactile feedback, investigators have developed many training
strategies to modify jump-landing patterns.11-14 Research has shown
immediate improvements in both knee flexion angles and ground re-
action forces following a short period of feedback training. However,
these changes in landing mechanics may not represent a true learning
effect because they can result in decreased performance, as indicated
by an accompanying decline in jump height and increase in stance
time.11,14,15 It is questionable whether competitive athletes will be willing
to modify their landing patterns if decreased performance is a possible
result, especially during competitions. The ultimate goal of jump-landing
training should be for individuals to perform the modified landing pat-
tern automatically and efficiently, without sacrificing performance.14 
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Strength assessment
Strength is an essential component of sports performance and in-
jury prevention. Previous investigators have hypothesized that lower
extremity strength and landing mechanics, in particular, may be re-
lated.10,16-19 The lower extremity musculature contracts, primarily ec-
centrically, to absorb impact ground reaction forces during landing.
However, studies designed to identify clinically relevant associations
between strength and landing mechanics may be limited by the
techniques used to assess strength.

Although strength is typically measured in terms of the maxi-
mum torque or force a group of muscles can produce, several fac-
tors need to be considered during strength assessments. During a
strength assessment, a group of muscles activate to generate inter-
nal torques around a single joint or multiple joints. The internal
torques may be counterbalanced by external torques generated by
external forces. Therefore, strength may be quantified in terms of
external forces, external torques, internal torques, or internal forces.
External forces and torques are the most commonly used measure-
ments of strength. 

For example, when isometric quadriceps strength is assessed
using a dynamometer, the force measured by the dynamometer is
an external force.10,16 If the dynamometer is applied perpendicular
to the shank, the external torque can be quantified by multiplying
the external force by the distance between the dynamometer’s
point of contact and the knee joint.20 Once the external torques
generated by the weights of the shank and foot have been quanti-
fied, internal knee extension torques can be calculated using an
inverse dynamic approach. Assuming no muscle co-activation,
knee extension torque can be divided by the patellar tendon mo-
ment arm to estimate the quadriceps force. Internal torques can
also be determined using a computerized dynamometer after ad-
justing for the external torques caused by segment weights and
angular accelerations.21

Another factor is the muscle force-length-velocity relationship.22

During concentric, isometric, and eccentric contractions, the length
of muscles is shortened, kept the same, or elongated when forces
are generated. The muscle force-velocity relationship describes that
the maximum force muscle can generate decreases when the ve-
locity of contraction increases during concentric contractions. The
maximum force that can be generated is the greatest during eccen-
tric contraction, second greatest during isometric contraction, and
lowest during concentric contractions. As such, it is important to
control the speed of muscle contraction when measuring strength. 

Because the speed of muscle contraction is affected by the
speed of joint motion, investigators commonly control joint motion
speed during strength assessment; for example, controlling speed
of knee flexion and extension when assessing quadriceps and ham-
string strength.18 The muscle force-length relationship indicates
there is an optimal length for a muscle to generate maximum force.
Therefore, the magnitudes of joint angles, which directly affect mus-
cle length, also need to be considered during strength testing.10

Two other important factors are task modalities and body pos-
ture. During an open-chain exercise, such as kicking a soccer ball,
the distal joints are typically free to move. However, distal joints have
little motion during closed-chain movements, such as jumping from
the ground. Previously, investigators have found different knee joint

contact forces, shear forces, and thigh muscle activations between
two closed-chain exercises (squat vs leg press) and between the
closed-chain exercises and an open-chain exercise (knee exten-
sion).23 In another study, participants performed squat exercises to
train for lower extremity strength. Although squat training was as-
sociated with gains of more than 20% for both vertical jump height
and load in maximal squat, no change was found in isokinetic knee
extension torques assessed during an open-chain task.24 A recent
study found squat training was more effective than leg press training
for improving jump performance.25

These studies highlight the importance of task modality and
body posture in strength training and assessments. The greatest
strength gain is likely to be associated with the exercises used for
training. One should also keep in mind that, in addition to the mus-
cle force-length-velocity relationship, neural adaptation and multi-
joint coordination also contribute to the specificity of strength
training.25

Strength and landing mechanics
Previous studies on the relationship between strength and landing
mechanics are not consistent. Although some findings have sug-
gested a correlation between lower extremity strength and knee
flexion angles during landing, other findings have indicated a lack
of correlation. These inconsistent findings may be related to the use
of different strength assessments in the various studies. 

The aforementioned prospective study on landing mechanics
and risks of patellofemoral pain syndrome found quadriceps and
hamstring weakness was associated with risk of injury. In this study
quadriceps and hamstring strength were assessed isometrically in
sitting or prone positions.10 In a different study, Lephart et al as-
sessed the association between landing mechanics and isokinetic
quadriceps and hamstring strength, and found women demon-
strated smaller knee flexion angles during landing and less strength
than men.18 On the other hand, another study using the same mili-
tary data set as the patellofemoral pain syndrome study found weak
correlations between Land Error Scoring System scores (a visual as-
sessment of landing mechanics to assess injury risk) and lower ex-
tremity muscle isometric strength.16 Shultz et al found that isometric
quadriceps and hamstring strength were poor predictors of knee
and hip flexion angles during landing.19

In these studies, quadriceps and hamstring strength was mainly
assessed isometrically or isokinetically during an open-chain exer-
cise in a seated or prone position. However, landing is a closed-
chain task in which the body is in a relatively upright position. The
advantage of isometric or isokinetic strength assessment is the abil-
ity to isolate different muscle groups, such as knee and hip exten-
sors and flexors. The disadvantage, however, is the inability to
accurately simulate the body postures associated with landing.

Our research
To better assess the dynamic strength utilized during landing, we re-
cently completed a study to quantify the relationship between the
peak force production during isometric squats at different knee flexion
angles and the knee flexion angles during landing.26 Eighteen male
and 18 female recreational and collegiate athletes participated. They
did a jump-landing-jump task while knee flexion angles were recorded
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44 06.16 lermagazine.com

Continued on page 46





during the landing phase. Four isometric squats at different knee flex-
ion angles were also performed, and the bilateral ground reaction
forces were recorded during the squats to assess strength. 

Interestingly, we found significant correlations only for women.
In our female participants, we found significant and strong correla-
tions between knee flexion angle at initial contact during landing
and peak force production during isometric squats at knee flexion
angles of 55° and 70°, and between the peak knee flexion angle
during landing and the peak force production during isometric
squats at knee flexion angles of 55°, 70°, and 90°. These correla-
tions tended to be stronger for the isometric squats performed with
greater knee flexion angles. 

Based on the findings, we concluded that posture-specific
strength may play a role in determining the self-selected knee flex-
ion angles during landing in women, and therefore may contribute
to ACL injury risk. 

In previous studies in which participants did a landing task from
a jump or a drop, the landing could be the end of the task or fol-
lowed by another jump.10,16-19 Investigators have quantified the dif-
ferences in kinematics and kinetics between a landing with or
without a subsequent jump, and shown that landing with a jump is
associated with greater peak anterior tibial shear force, internal knee
extension moment,  and internal knee varus moment. Landing with-
out a jump results in decreased knee and hip flexion and increased
side-to-side asymmetry in vertical ground reaction force and height
of center of mass.27,28

Although ACL injuries have been observed during different
landing types, different landing tasks may load the ACL differently
and are associated with different ACL injury risk factors.3-7 Findings
from studies using different landing protocols should also be com-
pared with caution; doing so may have contributed to some incon-
sistencies in previous studies. 

During the landing phase, the knee and hip joint angles are rel-
atively small at initial contact and increase during the landing phase.
Knee and hip joint angles typically vary between 10° and 100°
throughout the landing phase.29,30 During a jump-landing-jump task,
the landing is followed by a jump for maximum height. Therefore,
the goal is to dissipate impact ground reaction forces during the
landing phase and then generate ground reaction force during the
jumping phase. From an injury prevention perspective, lower impact
ground reaction forces are associated with decreased injury risks.
From a performance perspective, greater ground reaction forces
during the jumping phase are associated with increased jump
height. As such, the relationship between posture and the ability to
produce force needs to be considered during a jump-landing-jump
task, especially during the jumping phase. 

Increasing knee and hip angles typically increases the moment
arms of the vertical ground reaction force about the knee and hip,
and results in decreased magnitude of vertical ground reaction
forces relative to internal joint torques. Therefore, increased knee
and hip joint angles place the lower extremity in a position of me-
chanical disadvantage for producing vertical ground reaction force
for the jump. It is reasonable to observe that individuals who are
stronger at increased hip and knee flexion angles will tend to utilize
these deeper flexion angles because they may benefit from the ad-
ditional range of motion to produce force for the jump. Conversely,
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individuals who are weaker at deeper hip and knee joint angles may
avoid these positions, from which they are unable to produce suffi-
cient force to use the additional range of motion effectively. 

Gender considerations
Our study’s observation of significant correlations between strength
and landing mechanics only in women is consistent with the findings
of two previous studies31,32 that found significant correlations be-
tween strength and energy adoption patterns during landing in fe-
male participants, but not in their male counterparts. Other factors,
such as balance, range of motion, and motor learning of landing
techniques,33 may explain the lack of correlation between posture-
specific strength and knee flexion angles during landing in men. 

Men are generally stronger than women in terms of both raw
strength and strength relative to body weight. In the current study,
we postulated the lower force production in female participants sug-
gests a more important role in women compared with men of
strength as a determinant of landing mechanics. In men, other fac-
tors, such as motor learning of landing techniques, may play more
important roles in landing mechanics. 

Based on our findings, women may benefit from training de-
signed to increase strength at greater degrees of knee flexion from
both an injury prevention and performance training perspective. Lit-
erature has shown isometric squat training at greater knee flexion
can increase force production during squats and joint moments dur-
ing a jump.34,35 In addition, isometric squat training at certain knee
flexion could shift the optimal angle for torque production toward
the training angle.36 In addition to isometric squat training, transi-
tional front and back squats could also be performed with greater
knee flexion to achieve training goals.37 Future intervention studies
are needed to quantify the training effect on landing mechanics in
women.

Summary
Impaired landing mechanics are associated with increased risks of
lower extremity injury. Strength may play an important role in self-
selected landing patterns, particularly in women. The findings of our
study suggest posture-specific strength training may be considered
a component of intervention to increase knee flexion angles during
landing in women. 

A jump landing is a closed-chain task that involves muscle ec-
centric and concentric contractions while the body is in a relatively
upright posture; therefore, effective evaluation of the dynamic
strength used in landing tasks requires development of assessment
techniques superior to those involving the isometric squat. Addi-
tional studies on the effects of different posture-specific strength-
training interventions on landing mechanics are needed to further
quantify the cause-effect relationship between strength and landing
mechanics. 

Boyi Dai, PhD, is an assistant professor of biomechanics in the Di-

vision of Kinesiology and Health at the University of Wyoming in

Laramie. Jacob S. Layer and Taylour J. Hinshaw are graduate stu-

dents in the Division of Kinesiology and Health at the University of

Wyoming. 
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Treatment of distal toe
calluses and ulcerations

When calluses or ulcers develop on the
distal aspect of the lesser toes, offloading
pressure from the distal end of the digit is
essential for healing to occur. Research
suggests that toe crest pads offer an inex-
pensive but effective means of offloading
and healing these distal wounds.   

By Monica Melo, DNP, RN, ACNS-BC, CWOCN, CFCN

Treatment of distal toe calluses and ulcerations can be particularly
challenging. The presence of multiple comorbidities, combined with
toe deformity and the minimal amount of bone-covering tissue at
the distal toe, can lead to the need for invasive treatments to
achieve healing. These treatments can include revascularization
through angioplasty, stenting, bypass, or a combination of proce-
dures. Surgical correction of toe deformities can also be attempted
to reduce pressure on the distal end of the affected digit(s). Toe am-
putation is another treatment option. Unfortunately, amputation of
the digit can often precipitate the need for a more proximal ampu-
tation if the original surgical incision fails to heal.  

The most common cause of preventable amputations in the
neuropathic diabetic population is repetitive painless trauma leading
to ulceration.1 Lesser-toe deformities—including hammertoes, claw-
toes, and mallet-toes—are common findings in patients with periph-
eral neuropathy, with or without associated diabetes mellitus.2,3

Coughlin2 noted these deformities also can occur with any inflam-
matory arthropathies, such as gout or arthritis; repetitive trauma,
such as ill-fitting shoes; or neuromuscular diseases, including lum-
bar disc disease or polio. Toe deformities that are initially flexible
become rigid over time. This rigidity leads to increased pressures
and skin shear over the distal digits and bony prominences.
McGuire4 has written that joint stiffness caused by rigid deformities
decreases the digit’s ability to absorb excess pressure.

Lesser-toe deformities can be precursors to the development
of callus or ulceration on the distal aspect of the affected digits. Ca-
vanaugh and Bus5 noted that claw-toe deformities are one of the
most common causes of ulceration in neuropathic patients. Periph-
eral vascular disease also contributes to the risk of ulcer formation,
and is present in 90% of patients with diabetes who undergo major
amputations.6

Chronic repetitive stress on the distal end of the toe, especially
in neuropathic patients, leads to callus formation. A callus is an area
of thickened hyperkeratotic skin cells that are compacted by pressure
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Treatment
When treating any wound, the principles of wound management, as
outlined by Doughty,9 should be used to guide decision making.
First, the underlying cause of the wound needs to be determined.
Reduction or elimination of causative factors is one of the basic
tenets of wound care.9,10 Secondly, systemic support should be pro-
vided. This includes adequate nutrition and fluids, appropriate oxy-
genation, and control of systemic variables such as blood glucose
levels. Finally, appropriate topical therapy should be applied.

The first goal of topical therapy is to remove necrotic tissue.
This can occur through sharp debridement or the use of dressings,
such as enzymatic debriding agents. Of note, stable eschars in pa-
tients with arterial insufficiency should not be debrided until circu-
lation has been optimized. Neuropathic ulcers should be routinely
debrided of devitalized tissue and surrounding callus at one- to four-
week intervals.11

The second goal of topical therapy is the identification and
elimination of infection. During wound assessment, a positive probe-
to-bone test has a high positive predictive value for osteomyelitis.11,12

The chosen topical therapy has to fill any dead space in the wound
to decrease the likelihood of abscess formation. 

Another goal of topical therapy is selecting a dressing that will
absorb exudate, protecting the periwound area, while maintaining
a moist wound surface. Finally, the chosen therapy should provide
thermal insulation and protect the healing wound. 

Rothman’s model of causation13 describes two types of causes
for the occurrence of a given disease or problem. Sufficient causes
invariably produce a particular effect. Component causes work to-
gether to produce a given effect. Blocking the causal role of one
component will therefore block the effect.13

Distal toe callus most often occurs with a triad of component
causes—neuropathy, pressure, and deformity. Per the Rothman model
of causation,13 removing pressure will prevent the development of cal-
lus. This aligns with the principle of wound management addressing
identification and elimination of the underlying wound cause(s).

Reducing distal toe pressure can be accomplished through sur-
gical intervention, often involving flexor tenotomy.14 Schade15 noted
that flexor tenotomy can be employed as a treatment for current ul-
ceration as well as for the prevention of future callus formation. Sur-
gical repair options for fixed deformities include decompression of
the affected joints, along with tendon repairs.2 Boffeli, Abben, and
Hyllengren14 describe performing in-office distal toe Symes ampu-
tations to excise distal lesser toe ulcers; this procedure removes
the distal phalanx rather than the entire foot as is done with a con-
ventional Symes amputation.  

In-office distal toe Symes amputation offloads the tip of the toe,
prevents ulcer recurrence, removes infected bone, and is most ef-
fective in treating affected digits that have rigid deformities, exces-
sive length, and associated nail pathology.14 Unfortunately, many
patients are at high risk for complications related to any surgical in-
tervention, and require more conservative approaches. 

Offloading the distal toe also can be accomplished through the
use of a crest pad. Crest pads are commercially available in several
styles. The first is constructed entirely of silicone, and is held in place
by a silicone ring around a toe. A second style is a foam crest pad,
which is secured with an adjustable elastic band that wraps around
a toe. Caution must be used to avoid producing an ischemic toe or

or friction.7 If the pressure continues, hemorrhage within the callus
layers will become evident. Boulton8 described this presentation as
a preulcerative lesion that needs aggressive management to avoid
ulcer development. Simple callus removal through debridement
may reduce pressures up to 30%, but, without intervention to re-
lieve the pressure, the callus will return and can lead to limb-threat-
ening problems.4,5
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Figure 1. Photos show an example of hemorrhagic callus with underlying ulcer (top),
the same digit after debridement of the callus (center), and after 12 days of crest pad
use (bottom). Reprinted with permission from reference 17. 
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a pressure ulcer from the band. Patients with neuropathy are par-
ticularly at risk. 

Huppin16 has described adding a crest pad directly to an or-
thotic insert; a temporary crest pad of adhesive felt is used to assess
comfort prior to making it a permanent addition to the insert. Incor-
porating the crest pad into the insert assures that it is always being
utilized; however, the patient has to be using both the prescribed
shoes and inserts. Moving the insert with the molded crest pad into
another pair of shoes could result in pressure over the dorsal aspect
of the toes if the toe box is not of sufficient depth.

A crest pad made of rolled gauze covered in moleskin offers
an alternative approach that minimizes the risks associated with tight
bands or rings in at-risk patients. This design allows the affected
toes to slide through an opening in the moleskin and rest on top of
the rolled gauze pad. Over the course of several days, the pad will
mold to the plantar surface to accommodate any deformities more
comfortably.

This author and colleagues conducted a pre–post intervention
retrospective chart review of the use of moleskin and gauze crest
pads.17 The purpose of the study was to examine the use of crest
pads in the treatment of toe callus, hemorrhagic callus, and ulcera-
tion in individuals with lesser toe deformities. All crest pads were
made by the primary researcher at the time of the patient’s visit. A
retrospective chart review was performed for patients seen between
August 1, 2011 and December 31, 2014 who were treated with a
gauze and moleskin crest pad. Callus and ulcer characteristics were
compared pre- and postintervention. 

Twenty-eight patients were identified as receiving a crest pad
as part of their treatment, which consisted of nail or callus debride-
ment or both as part of routine foot care. Of these, three patients
were treated with a crest pad as a preventive measure and were
thus excluded. Two were excluded based on the lack of a follow-up
visit, and one patient was excluded due to early identification of 
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Figure 2. A toe crest pad in place. 
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osteomyelitis. The total sample size for the study was 22 patients,
evenly divided between men and women. Two patients were aged
between 50 and 59 years, five were aged between 60 and 69
years, eight were aged between 70 and 79 years, and seven were
80 years or older.17

Patients were divided into callus, hemorrhagic callus, and ulcer
groups. At up to four follow-up visits, patients were recorded as ei-
ther improved/resolved or unchanged/worsened. New crest pads
were made for each patient at follow-up visits. The first callus follow-
up group (at a mean of 45 days) had 20 resolved/improved patients
and one unchanged/worsened patient, which represented a statis-
tically significant improvement from baseline (p < .001).17 The sec-
ond callus follow-up group (at a mean of 97.4 days) had 13 patients
in the resolved/improved group and one in the unchanged/wors-
ened group; this also represented a statistically significant improve-
ment from baseline (p = .0002).17 The 21 patients in the third
follow-up group (at a mean of 112 days) and the 11 patients in the
fourth follow-up group (at a mean of 236 days) were all deemed re-
solved/improved. Patients returned for follow-up to receive routine
nail care even after healing of the ulcer or resolution of the callus.
This allowed us to document the maintenance of healed ulceration
or lack of callus.17

Patients reported the moleskin crest pads were comfortable,
especially after several days of use, which allowed the pads to mold
to the shape of the toes. There were no reported adverse effects
from the use of the pads, such as transfer ulcers or skin reactions.
No patients developed dorsal toe ulcers, as the crest pad fits into
the space under the toes. Discussion of proper footwear is standard
during routine foot care visits, including an emphasis on a roomy
toe box in shoes.

Discussion
Treatment of lesser toe callus and ulceration consists of eliminating
infection, debriding callus, and offloading pressure. Patients with 
osteomyelitis will often require amputation of at least the distal end
of the affected digit. Optimization of arterial circulation with angio-
plasty, stenting, or bypass may be required for healing for some pa-
tients. Offloading pressure from the distal end of the digit is essential
in all cases if healing is to occur. This can be accomplished through
the use of offloading devices such as crest pads.   

While our study17 did not address prevention of callus or ulcer-
ation through the use of crest pads, it is worth noting that, in those
patients having multiple follow-ups for foot care, none developed a
recurrent ulcer on the distal toes once the crest pad was applied.  

Commercially available silicone crest pads may be a good off -
loading option for patients, providing that patients are educated in
proper use of the device. Crest pads can also be incorporated into
an orthotic insert. Moleskin and rolled gauze crest pads may also
be a good alternative, and can be custom-made by providers during
foot care visits. A video demonstrating how to make a moleskin
crest pad can be viewed at http://youtu.be/AMguRDlbd98. 

Monica Melo, DNP, RN, ACNS-BC, CWOCN, CFCN, is a clinical

nurse specialist at LVPG Vascular Surgery in Allentown, PA, treating

patients with vascular wounds and performing preventive foot and

nail care services.
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pressure and stability through
all phases of the gait cycle,
which in turn helps to improve
posture while standing, walking,
or running.

Apex
800/252-2739
apexfoot.com

Sheer Ease
Hosiery

Therafirm is releasing an addi-
tion to its new brand, Ease by
Therafirm. Sheer Ease styles in-
clude open- and closed-toe
knee highs, thigh highs, and
pantyhose in three compression
levels—mild (15-20 mm Hg),
moderate (20-30 mm Hg) and
firm (30-40 mm Hg). The Sheer
Ease line is made of soft, breath-
able, and moisture-wicking ma-
terials. Soft, knit-in bands on the
knee highs and pantyhose, as
well as silicone bands on the
thigh highs, keep the hosiery
comfortably in place. All styles
are available in black, natural,
and sand; mild- and moderate-
compression closed-toe styles
are also available in bronze,
coal, cocoa, and navy. 

Therafirm, a Knit-Rite company
866/842-0984
therafirm.com

Swede-O 
Patella Tracker

Swede-O introduces the Patella
Tracker, a thermal support de-
signed to help reduce swelling
and associated pain while pro-
viding gentle counter “traction”
to help prevent the patella from
shifting out of position. Patellar
positioning is accomplished with
dynamic traction straps and a
crescent-shaped foam internal
buttress that can be positioned
medially or laterally. The brace
features a low-profile, open
wrap design for easy application
and adjustable straps for a com-
fortable fit. The contoured shape
facilitates knee flexion and ex-
tension movement. The univer-
sal design fits either the right or
left knee. 

Swede-O
800/525-9339
swedeo.com

Orpyx LogR
Analysis System

Orpyx LogR is a technology so-
lution designed for accurate, ef-
ficient, and real-time foot and
plantar pressure measurement
and analysis. Featuring comfort-
able sensor-embedded shoe in-
serts, a simple but powerful iOS
application, and cloud-based
software for data storage and
management, this wireless sys-
tem can be used by researchers
to assess foot and ankle health
and performance. Potential ap-
plications include footwear and
orthotic device design, bio -
mechanics, sports performance,
gait and balance assessments,
posture research, rehabilitation,
injury prevention, fall prevention,
and more. 

Orpyx Medical Technologies
855/996-7799
orpyx.com
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Allied OSI
Foot Gym Pro

Allied OSI Labs now offers the
Foot Gym Pro, an all-in-one tool
for performing eight different
foot and ankle strengthening and
rehabilitation exercises including
toe curl, toe extension, dorsiflex-
ion, plantar fascia stretch, arch
massage, calf raise, calf stretch,
and ankle inversion. The Foot
Gym Pro can be used for the
treatment of plantar fasciitis,
Achilles tendinitis, and foot pain;
it can also be used during reha-
bilitation after injury or surgery.
The Foot Gym Pro also provides
therapeutic and massage fea-
tures, including a massage roller
that can be filled with warm wa-
ter or frozen for thermal thera-
peutic benefits. 

Allied OSI Labs
800/444-3632 
alliedosilabs.com

Acor AFO
Gauntlets

For 2016, Acor has updated its
custom AFO Gauntlets, which
are handmade in the company’s
Cleveland, OH, facility. Also
known as a “Leather Lacer,” the
company’s most popular AFO
(ankle foot orthosis) gauntlet is
the G9210. This particular de-
sign comes with a choice of 18
colors of leather, polypropylene
reinforcement, and a lining of
leather or Neo Sponge, a syn-
thetic rubber cushioning mate-
rial covered with silver-impreg-
nated X-Static. The footbed area
is now seamless, and Mini-
Check antiskid soling is an op-
tion. The company has reduced
turnaround time to five business
days in-house.

Acor
800/237-2267
acor.com

PediFix
ToeBuddy Long

Foot specialists since 1885,
PediFix now offers a new ver-
sion of its popular Visco-Gel
ToeBuddy for dividing crooked
toes, including overlapping,
hammer, claw, and mallet toes.
The ToeBuddy Long joins Pedi-
Fix’s wide variety of Visco-Gel
products, all of which are con-
structed of SmartGel, which
soothes and softens skin while
it gently divides crooked toes,
relieving irritation associated
with rubbing. ToeBuddy prod-
ucts feature two loops to keep
the spacer in position. The new
ToeBuddy Long design features
a longer, extended toe spacer,
which is suited for more severe
deformities of the first and sec-
ond toes. 

PediFix
800/424-5561
pedifix.com

Perforated Memory
Foam Top Cover

ComfortFit Labs has expanded
its topcover choices to seven
with its purple perforated Mem-
ory Foam Top Cover. The 1/8"
topcover forms to the contour
of the foot based on heat. With
perforations for improved air
flow, it is designed to be both
comfortable and durable. The
line of topcovers, available with
any ComfortFit custom foot or-
thoses at no extra charge, also
includes antimicrobial, antifungal
vinyl; Spenco (or equivalent); an-
tifungal, odor-free bamboo/Ne-
olon; perforated leather (now
higher quality); diabetic; and
Blue Cloud ethylene vinyl ac-
etate. Topcovers can be cut to
any length. 

ComfortFit Labs
888/523-1600
comfortfitlabs.com

roducts





EULAR-presented ArthritisPower data 
detail patient research, education priorities
Investigators involved in the
CreakyJoints patient education
initiative on June 10 presented
preliminary results stemming
from the ArthritisPower research
registry at the 2016 Annual Eu-
ropean Congress of Rheumatol-
ogy (EULAR) in London, UK.  

In an oral presentation at
the People with Arthritis and
Rheumatism in Europe (PARE)
submeeting, investigators from
the Global Healthy Living Foun-
dation in Upper Nyack, NY, and
the University of Alabama at
Birmingham reported the top 10
topics a majority of 400 survey
respondents with various arthri-
tides and rheumatologic condi-
tions rated “extremely important.” 

These were: How arthritis
affects more than just joints
(86%); signs a medication is not
working (84%); importance of
knowing how disease will
progress, even if the news is bad
(83%); side effects of available
drugs, and how these drugs in-

teract (82%); the available med-
ications and treatments for your
case (80%); how to understand
results of monitoring tests (79%);
finding the right rheumatologist
(76%); how to take an active role
in decisions about your care
(76%); how your life will change
as your disease progresses
(74%); and how to speak up and
help manage your care when
your perspective is different from
your doctor’s (73%).

The same investigators also
presented a poster showing 47
patients’ top-ranked rheumatic
disease educational concerns.
These included knowledge
about disease and medication,
coping, communication, and
physician selection. 

The researchers concluded
that patient-centered education
and research should maximally
address these questions. 

Go to arthritispower.org to
learn more about the Arthritis
Power Research Network. 

Ottobock in May reported re-
sults of studies involving two of
the Duderstadt, Germany-based
company’s devices.

Ottobock investigators on
May 4 epublished in Prosthetics
and Orthotics International re-
sults of a study that evaluated
the potential benefits of the C-
Brace Orthotronic Mobility Sys-
tem, a microprocessor stance
and swing control orthosis, com-
pared with a stance control or-
thosis and locked knee ankle
foot orthosis in activities of daily
living (ADL). 

According to the Orthosis
Evaluation Questionnaire filled
out by the 13 patients with var-
ious lower limb pareses, the C-
Brace significantly improved
ambulation, paretic limb health,
sounds, well-being, and ADL
scores with regard to perceived
safety and difficulty.

A second group of investi-
gators, which also included 

Ottobock employees and con-
sultants, on May 5 epublished
in the Archives of Orthopaedic
and Trauma Surgery results of
a randomized controlled trial
looking at the effects of the
company’s Patella Pro brace on
patello femoral pain syndrome
(PFPS). 

The researchers compared
device wear plus supervised
physical therapy with physical
therapy alone in 156 people with
PFPS. 

After six and 12 weeks, pa-
tients wearing the medially di-
rected patellar realignment
brace had significantly better
Knee Injury and Osteoarthritis
Outcome Score (KOOS) sub-
scales than the unbraced group,
along with a higher mean Kujala
score and less pain while climb-
ing stairs or playing sports. After
54 weeks, the groups differed
only for the KOOS activities of
daily living subscale. 

market mechanics
By Emily Delzell
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Ottobock study, RCT support use of its
C-Brace in paresis, Patella Pro in PFPS

Arcopédico notes 50 years, study results
Sparks, NV-based Arcopédico
USA, the only US distributor of
Portuguese-made comfort and
travel footwear, celebrated its
50th anniversary on May 4 by
announcing results of its shoe
comfort research. 

Arcopédico designed the
18-month Star Shoes Project to
identify the sole comfort of a di-
verse, international population.
More than 2400 customers from
19 countries received boxes of
phenolic foam and provided
their footprint to researchers at
the Institute of Science and In-

novation in Mechanical Engi-
neering at the University of Porto
in Portugal. The researchers an-
alyzed the prints in several sim-
ulated walking situations, and
through their observations, de-
veloped new plantar topography
for Arcopédico shoes. 

Arcopédico is scheduled to
bring the Star Sole to the US
market in 2017. Italian scientist
Elio Parodi founded Arcopédico
in 1966 with his invention of an
arch-supporting sole, which be-
came the company’s twin arch
support sole.  

ACFAS offers summer footcare help 
The American College of Foot and
Ankle Surgeons (ACFAS) in May
released two new infographics for
patients on summer foot issues. 

Focused on keeping feet
safe while barefoot and on sunny

days, the educational tools are
available for ACFAS members to
download at http://ht.ly/iAfT300
Mp8Q; nonmembers can get
them at ACFAS’s patient website,
foothealthfacts.org. 

The Alexandria, VA-based Amer-
ican Orthotic & Prosthetic Asso-
ciation (AOPA) on May 23 an-
nounced the contenders for its
2016 Thranhardt Award. They are
Beatrice Janka, MPO, CPO; Gor-
don Stevens, CPO, LPO; Kenton
Kaufman, PhD, PE; and Lauren
White, PT, DPT, PCS. The nomi-
nees will present their research
at the 2016 AOPA National As-
sembly in September in Boston. 

Janka, a clinical prosthetist-
orthotist in Becker Orthopedic’s
Patient Care Division and a
product development engineer
for Becker’s R&D team in De-
troit, will present “The Effects of
AFO Stiffness and Alignment on
Lower Extremity Kinematics in
Stroke and Multiple Sclerosis.” 

Stevens, president of Baker
O&P in Dallas and a previous
Thranhardt winner, will present
“Increasing Functional Inde-
pendence through Prosthetic
Rehabilitation.” 

Kaufman, the W. Hall Wen-
del Jr. Musculoskeletal Re-
search Professor, biomedical
engineering professor and di-
rector of the Biomechanics-
Motion Analysis Laboratory at
the Mayo Clinic in Rochester,
MN, will present “Functional As-
sessment and Satisfaction in K2
Transfemoral Amputees Receiv-
ing MPK Knees--Initial Findings.”

White, a physical therapist
with at Kennedy Krieger Insti-
tute’s International Center for
Spinal Cord Injury (ICSCI) who
manages the Interdisciplinary
Orthotic Clinic in Baltimore, will
present “Development and Im-
plementation of a Clinical De-
cision Making Algorithm for
Aiding Orthotic Prescription for
Patients with Neurological Im-
pairments.”

The Thranhardt award was
launched by a gift from J.E.
Hanger in memory of Howard
R. Thranhardt, CP, in 1996. 

AOPA announces Thranhardt nominees  



Hanger reports internal audit results to SEC 
Birmingham, AL-based Hanger
on June 7 filed an 8-K form with
the Securities and Exchange
Commission (SEC) reporting the
results of an internal investiga-
tion. The form, which companies
must file to announce major
events that shareholders should
know about, details the recent
findings of Hanger’s internal au-
dit committee. 

The committee concluded it
is “more likely than not” that cer-
tain former employees and offi-
cers, including its former CFO and
chief accounting officer, engaged
in inappropriate accounting prac-
tices. It also found certain former
senior managers created an in-
appropriate “tone at the top” that

led to weakness in Hanger’s over-
all environment, though the com-
mittee reported Vinit K. Asar,
Hanger’s current CEO, was not
involved in the inappropriate prac-
tices. 

According to Asar, Hanger
has taken steps to address is-
sues the investigation uncov-
ered, including hiring a new
CFO, principal accounting offi-
cer, and corporate controller;
strengthening accounting pro -
cesses and controls; hiring ad-
ditional, “highly qualified” em-
ployees and consultants; com -
pleting compliance training; and
investing in infrastructure and
systems “to reduce reliance on
manual processes.”

market mechanics
Continued from page 61

AAOS releases patient education apps
The Rosemont, IL-based Amer-
ican Academy of Orthopaedic
Surgeons (AAOS) in June intro-
duced apps that help physicians
explain musculoskeletal prob-
lems and procedures to pa-
tients.

The Guide to Orthopaedic
Surgery apps feature easy-to-use
visual tools to help patients un-
derstand their diagnosis and
treatment options. Currently, the
apps, codeveloped by the AAOS

and Fort Collins, CO-based Vi-
sual Health Solutions, cover total
knee replacement, total hip re-
placement, and anterior cruciate
ligament reconstruction and can
be loaded onto exam room
desktops or iPads. 

Practitioners can also add
customized content to practice
websites. AAOS is trialing the
apps for free until June 30. 

Go to aaos.org/patientapps
to learn more.  

Steampunk offers 3D printing classes 
Catoosa, OK-based Steampunk
Bionics Academy in May an-
nounced four new class offerings
on 3D printing: an introductory
course called 3D Printing in
Healthcare, as well as three prac-
tice-specific courses in Orthotics,
Prosthetics, and Foot Orthotics,
which cover scanning, design,
and 3D printing of devices.

The academy classes teach
students to use a mix of freeware,
open-source software, and low-
cost commercial scanning and
design software, along with inex-

pensive 3D printing hardware, to
put together a full scanning, de-
sign, and printing solution for a
fraction of the cost of commercial
systems. 

The academy, a division of
Tulsa, OK-based CFS Allied Health
Education, is a self-funded, family
owned provider of ABC/BOC pre-
and postcertification level educa-
tional resources to the O&P, pe-
dorthic, podiatric, pharmacy, and
general healthcare community. 

Visit steampunkbionics .com
for more information.
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ACSM, AMSSM award $20K research grant
The American College of Sports
Medicine (ACSM) and American
Medical Society for Sports Med-
icine (AMSSM) on May 26
awarded the $20,000 2016
ACSM-AMSSM Clinical Research
Grant to Alison Brooks, MD,
MPH, and her coinvestigator
David Bell, PhD, ATC. 

The ACSM-AMSSM Foun-
dation awarded Brooks for her
proposed research titled, “Par-
ent-Athlete Knowledge of Sport
Volume Recommendations, At-
titudes and Beliefs Towards Sport
Specialization.” Brooks is assis-
tant professor of orthopedics in
the Division of Sports Medicine

at the University of Wisconsin
(UW)-Madison School of Medi-
cine and Public Health and a
team physician for UW Athletics.

The joint organization re-
view committee that selected
Brooks’ research called it “ambi-
tious,” noting the investigation
aims to survey 1000 parents and
1000 youth athletes. 

In its fourth year, this collab-
orative project between the
ACSM and AMSSM funds a 
single award to foster original
scientific investigations with a
strong clinical focus among
physician members of ACSM
and AMSSM. 

Sigvaris buys BiaCare to build product line
Winterthur, Switzerland-based
Sigvaris announced April 29 that
it has completed a definitive
agreement to purchase BiaCare,
located in Zeeland, MI. BiaCare
designs and produces short
stretch wraps, compression gar-
ments, and other products de-
signed to treat patients with
venolymphatic disorders. 

Through this acquisition,
the Sigvaris Group, which dis-
tributes in more than 70 coun-
tries, will continue its interna-
tional growth strategy of ex-
panding its product offerings for
patients who need medically
complex compression therapy
options, according to a Sigvaris
release. 

AOSSM warns on early sport specialization
The American Orthopaedic Soci-
ety for Sports Medicine (AOSSM)
in April epublished a consensus
statement concluding there is no
evidence that young children will
benefit from early sport special-
ization in the majority of sports,
and that they are subject to over-

use injury and burnout from con-
centrated activity.

Read the full statement on
the Orthopaedic Journal of
Sports Medicine website at
http://ojs.sagepub.com/con
tent/4/4/2325967116644241
.full. 

Cryos Tech unveils new 3D foot scanner
Joliette, Canada-based Cryos
Technologies on May 26 pre-
miered a new 3D foot scanning
system for podiatrists at the FIP
(Federation Internationale des
Podologues) World Congress of
Podiatry in Montreal. 

The CryoScan3D captures
high-resolution, full-color 3D
scans of the foot accurate to
250 microns (.25 mm) in less

than .1 seconds, meaning pa-
tient movement can’t distort the
scan, according to a Cryos re-
lease. The compact device
(38.5 x 68.5 cm/15 x 27 inches)
can scan the foot in full-,
semi- and nonweightbearing
positions. 

The company plans to
make the system commercially
available in September. 

Spenco backs ultra-distance run for cancer  
Waco, TX-based Spenco Medical
reported on June 4 that ultra-
distance runner Roy Weigand
completed a 131-mile trek in
Burbank, CA, in about 27 hours
to raise funds to help support
families of children with cancer. 

Weigand, who runs in honor
of Christopher Wilke, his son’s
friend who died from cancer,

raised more than $12,000 for the
Michael Hoefflin Foundation for
Children’s Cancer in Santa Clarita,
CA. This is the third year Spenco
has supported “Roy’s Run for
Christopher” by providing him
with supportive insoles, recovery
shoes, and other products.

Support Roy’s Run for Chris
topher at mhf.org. 
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Thomas Edison
Invents the phonograph

State-of-the-art prefabricated orthotics
Did you know that the earliest foot orthotics date back at least 

2,000 years when layers of wool were placed inside sandals 

to relieve foot fatigue? Or that the fi rst recorded use of an arch 

support dates to 1865?

Since then, there have been many advances in over-the-counter 

foot orthotics, but innovation is now defi ned by the revolutionary 

Apex dynaFLANGE®.

The patented rearfoot fl ange fl exes at three points during heel 

strike to minimize the deforming effects of impact. dynaFLANGE® 

provides exceptional shock absorption then releases that stored 

energy with each step and stride to dynamically reposition the 

foot for optimal propulsion.

Feel the Science™. Feel the Power. dynaFlange®.

To order, or for a free sample: 800-252-2739 • apexfoot.com
Orders begin shipping June 1  
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