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Patellofemoral 
pain subgroups:
A critical first step toward 
personalized clinical intervention
Researchers from the UK have identified three subgroups of individuals
with patellofemoral pain (PFP) that can be determined using simple 
evidence-based clinical tests—a key first step toward developing 
targeted treatment strategies as part of the ongoing effort to improve
PFP outcomes.
By Jessie Janssen, PhD; James Selfe, DSc; Michael Callaghan, PhD;
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We hear a lot about 

various comorbidities

associated with knee

osteoarthritis (OA), and

how addressing those

additional conditions

can help improve knee

pain and function. But 

a growing body of re-

search suggests one set

of comorbidities that

knee OA experts may

be overlooking are

those involving the foot

and ankle.

In 2015, Australian researchers reported that one-fourth of 

patients with symptomatic tibiofemoral knee OA also had concur-

rent foot pain, with more than half of that group experiencing pain

in both feet. And patients with foot pain, particularly bilaterally or

ipsilateral to their knee pain, had worse health and function

scores than those without foot pain.

More recently, the same researchers found that in asymptomatic

patients at risk for knee OA, those with foot or ankle pain were

significantly more likely than those without foot and ankle issues

to develop symptomatic and radiographic knee OA within four

years (see “Foot and ankle issues may boost risk of clinical and 

radiographic knee OA,” page 15).

Meanwhile, researchers from the UK reported in December that

patients who have foot pain prior to undergoing knee arthroplasty

have worse knee outcomes one year after surgery than those

without preoperative foot pain.

At the moment the exact nature of the relationship between 

foot and ankle pain and knee OA is unclear. It’s possible the 

association indicates a systemic manifestation of OA within a 

certain subgroup of patients, who might also have evidence of 

OA in the hip, hand, or wrist.

But there are other possibilities of greater interest to lower 

extremity clinicians. Inappropriate footwear can be associated

with foot and ankle pain in addition to increased knee adduction

moments, which may influence knee OA progression (see

“Footwear and the risk of knee OA: The search for meaning in

moments,” June 2015, page 18). Independent of their footwear

preferences, patients with foot or ankle pain may develop bio -

mechanical compensations that increase loading on the knee,

which could lead to knee OA. And interventions designed to 

address chronic foot or ankle pain could inadvertently change 

gait in ways that also increase load on the knee. 

My guess is that any of these potential explanations could be

valid, at least for a subgroup of the knee OA population. But, 

even as we wait for researchers to further explore those issues,

increased awareness of the associations between knee OA and

foot and ankle pain can help lower extremity practitioners im-

prove patient outcomes.

That starts with asking patients with knee pain whether they also

have foot and ankle pain, and vice versa; they may not mention it

on their own. And it means thinking about foot and ankle issues—

and associated interventions—in terms of potential effects further

up the kinetic chain.

Given how much we still have yet to learn about knee OA, looking

at the problem from as many perspectives as possible gives each

individual patient the best chance for a positive outcome. And it’s

becoming increasingly clear that at least one of those perspec-

tives should include the foot and ankle. 

Jordana Bieze Foster, Editor

Increased awareness of the associations
between knee OA and foot and ankle pain
can help practitioners improve outcomes. 

out on a limb:
Think outside the knee
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Soccer gets safer
Injury trends suggest prevention payoff 

By Katie Bell

Collegiate soccer injuries, particularly those
at the knee and in women, decreased sig-
nificantly from the early 1990s to the late
2000s, according to research from George
Washington University in Washington, DC.
The positive trends may reflect an increase
in resources being allocated toward injury
prevention along with efforts to increase
the safety of the playing environment, the
authors said.

“Based on what we see and the existing literature regarding [injury
prevention] programs, we believe they may have played a part in re-
ducing rates of knee and ACL [anterior cruciate ligament] injuries to
a certain extent among female soccer players,” said lead author

Avinash Chandran, MS, a PhD candidate and research associate in
the Department of Exercise and Nutrition Sciences at the university’s
Milken Institute School of Public Health. 

However, Chandran added, “It is important to note that this is
only part of the puzzle, and it remains very difficult to understand ex-
actly the extent of the impact that these programs may have had in
this particular context.” 

The study was designed to identify trends in injury incidence and
severity between 1990-1996 and 2004-2009 in male and female Na-
tional Collegiate Athletic Association (NCAA) soccer players. Data were
analyzed from the NCAA Injury Surveillance System (ISS), to which ath-
letic trainers associated with each collegiate program voluntarily report

in the moment: sports medicine

Foot position during landing contributes
to ankle sprains as well as ACL injuries
Foot position during landing may
contribute to the risk of lateral
ankle sprains as well as anterior
cruciate ligament (ACL) injuries,
according to separate studies
from Hokkaido University in Sap-
poro, Japan, and Stanford Uni-
versity in California. 

The Japanese researchers
analyzed single-leg landings in
18 volunteers under neutral,
toe-in, and toe-out conditions.
Ankle inversion angle, angular
velocity, and moment—risk fac-
tors for ankle sprain—were sig-
nificantly higher for the toe-in
landings than the other two con-
ditions; eversion angle and mo-
ment were highest during toe-
out landings. The findings were
epublished in December by the
Journal of Sport Rehabilitation.

Meanwhile, the Stanford re-

searchers analyzed double-leg
landings in 20 volunteers and
found toe-in landings were 
associated with significantly
greater hip adduction, knee in-
ternal rotation angle, and peak
abduction angle—all risk factors
for ACL injury—than neutral or
toe-out foot positions. The find-
ings were published in the De-
cember issue of the Journal of
Experimental Orthopaedics. 

–Jordana Bieze Foster
Sources:
Koshino Y, Ishido T, Yamanaka M, et al.
Toe-in landing increases the ankle in-
version angle and moment during sin-
gle-leg landing: Implications in the
prevention of lateral ankle sprains. J
Sport Rehabil 2016 Dec 19. [Epub
ahead of print]
Tran AA, Gatewood C, Harris AH, et al.
The effect of foot landing position on
biomechanical risk factors associated
with anterior cruciate ligament injury. J
Exp Orthop 2016;3(1):13.

Study finds association between triad 
risk classification, bone stress injuries
Nearly one third of female col-
legiate athletes have an elevated
risk for the female athlete triad,
and women in moderate- and
high-risk categories for the triad
also have an elevated risk of
lower extremity bone stress in-
jury (BSI), according to research
from Spaulding Rehabilitation
Hospital in Cambridge, MA.

Investigators assessed triad
risk in 323 female collegiate ath-
letes according to published cri-
teria, including menstrual regu-
larity, energy availability, and
bone mineral density. Of the
239 women with known men-
strual status, 25.5% were clas-
sified as moderate risk and
3.8% as high risk. 

Moderate-risk athletes were
2.6 times as likely as low-risk

athletes to sustain a subsequent
BSI, and high-risk athletes were
3.8 times as likely. The majority
(64%) of BSIs occurred in cross-
country runners; among those
women, those in the moderate
triad risk category were four
times as likely as their low-risk
counterparts to sustain a BSI,
and those in the high-risk cate-
gory were 5.7 times as likely.
The findings were epublished at
the end of December by the
American Journal of Sports
Medicine. 

–Jordana Bieze Foster
Source:
Tenforde AS, Carlson JL, Chang A, et al.
Association of Female Athlete Triad risk
assessment stratification to the devel-
opment of bone stress injuries in colle-
giate athletes. Am J Sports Med 2016
Dec 30. [Epub ahead of print]

Continued on page 14
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injuries and supporting informa-
tion about the injury’s nature.

Injury events were charac-
terized as new or recurrent, con-
tact or noncontact, and game-
related or practice-related. With
regard to severity, injuries were
classified as short-term, long-
term, or requiring surgery. 

The study found that in the
2004-2009 cohort, overall sex-
pooled injury rates were signifi-
cantly lower compared with the
1990-1996 cohort for almost
every category of injury studied.
Between 1990-1996 and 2004-
2009, men experienced an in-
crease in the rate of noncontact
injuries, whereas women experi-
enced a significant decrease. 

Although the most com-
mon soccer-related injuries oc-
curred at the ankle, knee, and
upper leg, the researchers noted
a significant decrease in the
number of injuries at these sites
between the two time periods.

The rates of knee injuries fell by
around 29% in both sexes,
while the rate of ankle injuries
dropped by 23% in women and
by 13% in men. Injuries to the
upper leg declined by 26% in
women and 6% in men.

The findings were pub-
lished in the December issue
of the American Journal of
Sports Medicine.

“Possible explanations in-
clude evolving playing styles,
changes in player characteristics
[physical profiles], and of course
the impact of targeted preven-
tion strategies,” Chandran said.
“With females in particular, it is
reasonable to suggest that cer-
tain prevention strategies ap-
pear to be successful, and we
may look to improve them even
further based on the success
they seem to be enjoying.” 

Among male players, he
said, “it may not be a question of
developing strategies that are

new, rather a question of tailoring
strategies specifically to this group
[by altering even minor details].” 

Holly Silvers-Granelli, MPT,
a PhD candidate in the Depart-
ment of Biomechanics and Move -
ment Science at the University
of Delaware in Newark, agreed
the impact of injury prevention
programs has grown in recent
decades.

“The coaching and player
awareness related to the exis-
tence of injury prevention pro-
tocols has certainly increased
over the last decade and a half,”
Silvers-Granelli said. “In addition,
training methodologies have in-
tellectually evolved.”  

The study concluded public
health efforts should promote
the use of the ISS to better in-
form and evaluate injury pre -
vention policies aimed at player
safety. However, Chandran noted
the findings may not be com-
pletely generalizable to soccer

players at other skill levels. 
“It’s very difficult to suggest

that these results would be mir-
rored in other groups,” he said.
“Even among young players, col-
legiate players experience a
slightly different profile of injuries
compared with younger, grade
school level players.”

There are limited data on in-
jury prevention for players aged
25 and older, but Silvers-Granelli
said,  “As a clinician, I recommend
these programs to all of my adult
recreational and masters level 
patients [within reason and with
respect to their individual func-
tional abilities].” 
Source:
Chandran A, Barron MJ, Westerman BJ,
et al. Time trends in incidence and
severity of injury among collegiate soc-
cer players in the United States: NCAA
Injury Surveillance System, 1990-1996
and 2004-2009. Am J Sports Med
2016;44(12):3237-3242. 



Asana advantages
Yoga bests typical exercise in seniors 

By Stephanie Kramer

Yoga may be more effective than conven-
tional exercise for improving symptoms,
anxiety, and fear of falling in older patients
with knee osteoarthritis (OA), according to
recent research from the University of
Minnesota in Minneapolis. 

In 83 older adults with knee OA, eight weeks of hatha yoga were as-
sociated with significantly greater improvements in symptoms and
function than conventional exercise (aerobics and strengthening) and
an education-only control group. The results were epublished in De-
cember 2016 in Rheumatology International.

The study’s authors believe the holistic and meditative aspects
of yoga may offer specific benefits for older adults with knee OA. 

“Exercise typically targets large muscles,” said lead author Cor-
jena Cheung, PhD, an assistant professor in the School of Nursing at
the University of Minnesota. “But yoga targets the whole body.” 

It also includes a component that emphasizes balance, focus,

and relaxation techniques, Cheung said. 
The randomized controlled trial included 83 community-dwelling

adults (84% women) aged 60 years or older with symptomatic knee
OA. The hatha yoga and aerobic/strengthening exercise interventions
involved a 45-minute supervised class and two to four home practice
sessions per week. A control group received educational materials.

The hatha yoga intervention consisted of poses, or asanas, per-
formed while standing, sitting, prone, and supine (squats, lunges,
twists, and stretches). Participants who were limited by knee pain or
other issues could modify poses using props, a chair, or a wall. The

in the moment: knee oa

Foot and ankle issues may boost risk
of clinical and radiographic knee OA
In individuals at risk for knee os-
teoarthritis (OA), the presence of
foot and ankle symptoms is associ-
ated with increased odds of devel-
oping symptomatic and radi-
ographic knee OA four years later,
according to research from the Uni-
versity of Melbourne in Australia.

Investigators analyzed 1020
individuals from the Osteoarthri-
tis Initiative database who had
risk factors for knee OA but no
symptoms or radiographic evi-
dence of the disease. Those who
had foot or ankle symptoms at
baseline were 3.28 times more
likely than those who did not
have foot or ankle issues to de-
velop symptomatic radiographic
knee OA four years later. Radi-
ographic knee OA was defined
by a Kellgren-Lawrence score of

2 or higher.
The odds of developing

symptomatic radiographic knee
OA were 3.08 times higher in in-
dividuals with contralateral foot/
ankle symptoms at baseline than
those without. In those with bilat-
eral foot/ankle symptoms at base-
line, the odds of symptomatic
radio graphic knee OA were 4.02
times higher than in those with
no foot or ankle issues.

The findings were epub-
lished in December by Osteo -
arthritis & Cartilage. 

–Jordana Bieze Foster
Source:
Paterson KL, Kasza J, Hunter DJ, et al.
The relationship between foot and
ankle symptoms and risk of developing
knee osteoarthritis: data from the Os-
teoarthritis Initiative. Osteoarthritis Car-
tilage 2016 Dec 7. [Epub ahead of print]

Bracing effects could slow progression
of lateral knee OA following after ACLR
Knee bracing is associated with
altered knee kinematics and ki-
netics during dynamic loading
tasks in individuals with lateral
knee osteoarthritis (OA) up to 20
years after anterior cruciate liga-
ment (ACL) reconstruction, and
these effects could help slow OA
progression, according to re-
search from the University of
Melbourne in Parkville, Australia. 

Investigators analyzed 27 in-
dividuals who had undergone
ACL reconstruction five to 20
years earlier and had subse-
quently developed symptomatic
and radiographic lateral knee
OA; all participants also demon-
strated valgus malalignment. The
participants performed hopping,
stair ascent, and stair descent tri-
als with no brace and while wear-
ing an unloader-type knee brace. 

Brace wear was associated
with significantly greater knee
flexion and adduction than the
unbraced condition during all
three tasks. Bracing was also as-
sociated with greater knee flex-
ion and adduction angular im-
pulses and knee stiffness during
hopping, knee adduction mo-
ments during stair ascent, and
flexion moments during stair de-
scent, compared with the un-
braced condition.

The findings were epub-
lished in early January by Med-
icine & Science in Sports & Ex-
ercise.  

–Jordana Bieze Foster
Source:
Hart HF, Crossley KM, Collins NJ, Ack-
land DC. Bracing of the reconstructed
and osteoarthritic knee during high dy-
namic load tasks. Med Sci Sports Exerc
2017 Jan 9. [Epub ahead of print]

Continued on page 16
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aerobic/strengthening program
included 15 minutes of mild 
aerobics and 30 minutes of
strength ening exercises; those
participants were also allowed
to use props as needed. 

Investigators compared re-
sults for both groups at four and
eight weeks. 

“In as little as four weeks, par-
ticipants in the yoga group had
less perceived pain [compared
with baseline],” Cheung said. 

The pain-related improve-
ments in the yoga group were
sustained at eight weeks. Al-
though both the yoga and 
conventional exercise groups
demon strated improvement from
baseline at eight weeks for most
of the outcomes assessed, the
yoga group had better scores
than the other two groups for
pain, anxiety, and fear of falling. 

Unlike conventional exer-

cise, yoga incorporates medi -
tative practices that can help 
address the psychological vari -
ables associated with knee OA
symptoms, Cheung said. 

“Mind-body intervention is es-
sential for chronic illness,” she said. 

Cheung said yoga may have
another benefit: Sequences of
poses requiring participants to
regularly lower themselves to the
floor and rise again to a standing
position, which could prepare pa-
tients mentally for a fall and re-
duce their fear of falling. 

Commenting on the classes
she observed, Cheung said,
“What amazes me is that the first
day they seemed very reluctant,
but by halfway through they were
much more comfortable getting
up and down off the floor.”

Although home practice
adherence did not differ be-
tween the two groups, she said,

it is conceivable that twice-
weekly supervised sessions
would ensure better adherence
than once-weekly sessions. 

The findings make sense,
said Ruth McCaffrey, DNP, pro-
fessor of nursing at Mercer Uni-
versity in Atlanta. 

“Aerobic exercise can put
stress on the joints like the knee,
so you could increase pain,” said
McCaffrey. “Standing, but espe-
cially seated yoga, is a gentle
nonweightbearing exercise, so
it is less stressful for the joints.”

McCaffrey and colleagues
found eight weeks of chair yoga
was associated with significantly
improved pain and function in
older adults with lower extremity
OA who were unable to perform
standing exercise. Those find-
ings were epublished in Decem-
ber 2016 by the Journal of the
American Geriatrics Society.

McCaffrey added that yoga
also limits pain interference, a
measure of how pain affects
day-to-day life. 

While clinicians may be
less familiar with yoga than tra-
ditional exercise, yoga opens
up more options for patients
and may be less intimidating,
McCaffrey noted. 

“Yoga has become main-
stream and commonplace for
younger and older people,” she
said. 
Sources:
Cheung C, Wyman JF, Bronas U, et al.
Managing knee osteoarthritis with yoga
or aerobic/strengthening exercise pro-
grams in older adults: a pilot random-
ized controlled trial. Rheumatol Int 2016
Dec 2. [Epub ahead of print]
Park J, McCaffrey R, Newman D, et al.
A pilot randomized controlled trial of
the effects of chair yoga on pain and
physical function among community-
dwelling older adults with lower extrem-
ity osteoarthritis. J Am Geriatr Soc 2016
Dec 23. [Epub ahead of print]
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By Jessie Janssen, PhD; 
James Selfe, DSc; 
Michael Callaghan, PhD; 
Chris Sutton, PhD; 
Paola Dey, PhD; and 
Jim Richards, PhD

Researchers from the UK have identified three

subgroups of individuals with patellofemoral pain (PFP)

that can be determined using simple evidence-based

clinical tests—a key first step toward developing

targeted treatment strategies as part of the ongoing

effort to improve PFP outcomes.
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In recent years the patellofemoral
pain (PFP) research community has
highlighted the need to identify sub-
groups of patients with PFP, with the
aim of being able to develop specific
interventions tailored for each sub-
group, therefore improving treatment
outcomes. This has been described
as the “holy grail of PFP research” at
previous International Patellofemoral
Pain Research Retreats. Subgrouping
in PFP is not an easy task for several
reasons, not the least of which is that
the possible factors underlying patello -
femoral pain are still hotly debated.
However, in the management of other
musculoskeletal conditions, such as
lower back pain, stratifying treatment
and matching this to subgroups has
been shown to be beneficial.1

In 2015, at the most recent Inter-
national Patellofemoral Pain Research
Retreat, hosted in Manchester and
Preston in the UK, presentations of
new research and discussions of the
current PFP literature reiterated that
a combination of factors proximal (hip and trunk), local (around the
knee itself), and distal (foot and ankle) to the patella can influence
patellofemoral pain.2 This suggests a subgroup of patients whose
PFP is primarily associated with proximal factors, for example, might
benefit more from a different therapy than a subgroup whose PFP
is associated with distal factors. 

But many other variables associated with PFP may also be use-
ful for subgrouping. Selhorst et al3 also stressed the importance of
exploring psychosocial variables in the PFP population. In addition,
associations have been reported to exist between PFP and activity
level,4 weight gain,5 and pain mechanisms.6

There have been previous attempts to stratify the PFP popula-
tion into subgroups, but most of these studies have included equip-
ment that was either too costly or too specialized to be used in
everyday physiotherapy clinics.7-10 Others have not focused on the
typical age range for the PFP population (16-40 years),11,12 instead
using an age range that was much broader (13-82 years)13 or much
narrower (12-17 years).3 In addition, almost all PFP subgrouping
studies have looked predominantly at biomechanical variables and
have not used a clinical approach or considered the condition holis-
tically in terms of the characteristics of the participants. 

Therefore, there is a need to develop a strategy to subgroup
people with PFP using low-cost, simple clinical tests suitable for rou-
tine practice. This paper describes the approach taken by the Tar-
geted Intervention in Patellofemoral Pain Studies (TIPPs) research
group. Further detail of this research work is published.11,12

Step 1: Subgroup criteria
First, we wanted to know what other people had written about po-
tential subgroups and consulted the literature. We wanted to include
potential subgroups only if they adhered to six criteria:

1. A simple evidence-based assessment needed to be available

Continued from page 19

Figure 1. The seven clinical assessment tests used in the study: quadriceps strength test (top left), abductor strength test
(bottom left), patella mobility test (top center), foot posture index (FPI; bottom center), and three biarticular muscle length
tests (far right). 

to identify the potential subgroup. 
2. The assessment test needed to be able to be conducted in

a variety of settings. 
3. The assessment test needed to be easy to explain and con-

duct, so that competency could be reached after minimal training.
4. If equipment was needed for the assessment test, it needed

to be low cost.
5. Thresholds of the assessment test needed to be reported in

the literature to facilitate assigning each patient to a subgroup. 
6. A credible evidence-based treatment intervention needed to

be available for the subgroup. 
This process identified six potential subgroups: quadriceps

weakness, hip abduction weakness, patellar hypermobility, patella
hypomobility, pronated foot, and lower limb biarticular muscle tight-
ness. These could be identified using seven clinical assessment
tests: quadriceps strength test, abductor strength test, patella mo-
bility test, foot posture index (FPI), and three biarticular muscle
length tests (including rectus femoris, hamstring, and gastrocnemius
muscle length tests) (Figure 1). A description of these tests can be
found under Step 2. 

Step 2: Identifying clinical subgroups
After the six potential subgroups were identified, it was time to put
the assessments into clinical practice and see if subgroups would
emerge. Four National Health Service (NHS) trusts participated in
our study, and in total they assessed 130 people with PFP over 1.5
years. Three participants with missing data were excluded from the
analysis. All participants were aged between 18 and 40 years, had
patellofemoral pain in one or both legs for longer than three
months, and had not yet started physiotherapy. Full details of the

Continued on page 22
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inclusion and exclusion criteria can be found in our two publications
on this topic.11,12 Two thirds of the participants were women, which
is in line with findings from others.14 On average they were aged 26
years and just on the edge of being overweight (body mass index
[BMI] of 25.5). Interestingly, on average, people had PFP symptoms
for 3.75 years before they saw a physiotherapist.

All participants were asked to come to one of the participating
NHS trusts to be assessed. The assessment consisted of two parts.
As mentioned, we wanted to look at PFP holistically; therefore, in
the first part of the assessment, people were asked to complete a
booklet of questionnaires to gain insight about demographic, clini-
cal, and psychosocial aspects of PFP. This information would be
used later to explore the different subgroups in more depth. The
questionnaires included the Short-form McGill Pain Questionnaire,
numeric pain rating scale, Leeds Assessment of Neuropathic Sys-
tems and Signs pain scale, WHO Disability Assessment Schedule,
Hopkins Symptoms Checklist, movement-specific reinvestment
questionnaire, self-reported indicators of cold knees, International
Physical Activity Questionnaire, and modified functional index ques-
tionnaire. Prior to our study we secured approval to use the ques-
tionnaires by gaining the appropriate licenses.  

The second part of the assessment consisted of the seven clin-
ical assessment tests shown in Figure 1. A description of these clin-

ical assessment tests is below. 
A hand-held dynamometer was used to measure the weakness

of the quadriceps and hip abductor muscles. The isometric quadri-
ceps test consisted of the participant sitting on the plinth with both
legs over the side. The dynamometer was fixed with a strap and
placed just above the malleolus of the most affected leg. The par-
ticipant was then asked to straighten this leg (knee extension). For
the isometric hip abductor test the participant laid on one side with
the least-affected leg on the plinth. The dynamometer was fixed with
a strap and placed proximal to the knee joint of the affected leg,
and the participant was asked to move the foot toward the ceiling
with a straight leg (abducting the leg). The length from the hip or
knee, respectively, to the point where the dynamometer was placed
was recorded so the measurements could be converted to nano -
meters. Three attempts were recorded and the highest torque was
included in the analysis.

The patellar mobility test consisted of the glide test in both the
medial and lateral directions. The participant was asked to take a
supine position with their legs extended and their quadriceps re-
laxed. First the patella was pushed to the lateral side and a mark
was made on the skin where the distal point of the patella was po-
sitioned, then the patella was pushed to the medial side and the
placement of the distal point of the patella was marked again with
a pen. The distance between the two pen marks was then recorded,

Continued from page 20

Continued on page 24Figure 2. The results of the subgroup analysis. 

Subgrouping from clinical measures and questionnaires





24 01.17 lermagazine.com

reflecting the total range of mediolateral movement. Due to this
recording method, it was not possible to perform three repetitions;
therefore, only one assessment was recorded per patient.  

Foot posture was assessed once with the FPI. This test is a com-
bination of six individual tests to assess foot posture, ranging from
palpation of the talus to the congruence of the medial longitudinal
arch while standing.15 This was recorded once. 

The biarticular muscle length tests for the rectus femoris, ham-
strings, and gastrocnemius were recorded with an inclinometer.
Three attempts were recorded for each muscle and the mean length
was included in the analysis. The inclinometer was fixed with a med-
ical strap to the shin on the most affected leg. The length was meas-
ured passively. In all three muscle length tests the participant was
asked if the recorded measurement was reached due to pain in or
around the knee or due to muscle length. We are currently investi-
gating if it would be better to use a goniometer for the muscle length
tests, as clinicians in our first study did not like using the inclinometers
despite reliable readings. 

All information was collected and analysed with respect to the
published thresholds for each potential subgroup. However, no
clear pattern became apparent using this approach. Then two dif-
ferent analytical approaches were used; hierarchical agglomerative

cluster analysis and latent profile analysis. Even though these two
approaches use different methods to analyze the data, the results
were remarkably similar. 

The subgroups
Both approaches identified three subgroups. We have named these
subgroups: “weak and tight” (39% of participants), “weak and pro -
nated” (39%), and “strong” (22%). The weak and tight subgroup
consisted of people with weak hip abductor and quadriceps mus-
cles who also had tight lower limb muscles and hypomobility of the
patella. The weak and pronated subgroup also experienced weak
hip abductor and quadriceps muscles and had pronated feet (>6
on the FPI). The strong subgroup did not have weak hip abductor
and quadriceps muscles but did have hypomobility of the patella.
When looking from a more holistic viewpoint, it seemed that the
weak and tight subgroup had the highest BMIs and were less active
than the other subgroups, whereas the pronated subgroup was sig-
nificantly younger than the other two. The strong subgroup had sig-
nificantly higher function and quality of life than the other two
subgroups, and there were proportionally more men in this sub-
group (see Figure 2 for more details).

The strength measurement of the quadriceps and hip abduc-
tors and the FPI appeared to be the key clinical tests to identify the
three subgroups. The mobility of the patella and the length of the
quadriceps also contributed to subgroup profiles, and therefore ap-
pear to be important to consider when identifying PFP subgroups.  

What’s next?
This has been the largest study to date that investigates the possi-
bility of clinical subgroups in the PFP population. Currently, similar
studies are taking place in other countries—including Turkey,
Malaysia, and Thailand—to determine whether the same subgroups
can be found elsewhere in patients of different ethnicities. 

This is just the beginning of the identification and validation of
existing subgroups in the PFP population. We assessed the partici-
pants once, but we do not yet know if there will be differences in
outcome among the three subgroups after they receive treatment.
Therefore, in our next step we are planning a randomized controlled
trial to assess whether people with PFP will experience more im-
provement after receiving treatment targeting their subgroup than with
conventional nontargeted therapy. Examples of these targeted treat-
ments include the provision of a foot orthosis for people in the weak
and pronated subgroup and strengthening exercises in both weak
subgroups.  

Jessie Janssen, PhD, is a research fellow in physiotherapy at the Al-
lied Health Research unit at the University of Central Lancashire, UK.
James Selfe, DSc, is a professor of physiotherapy at the Department
of Health Professions at Manchester Metropolitan University, UK.
Michael Callaghan, PhD, is a professor of clinical physiotherapy at
the Department of Health Professions at Manchester Metropolitan
University. Chris Sutton, PhD, is a reader in clinical trials and associ-
ate director, Lan cashire Clinical Trials Unit at the University of Central
Lancashire. Paola Dey, PhD, is a professor of health and social care
at the Faculty of Health and Social Care at Edge Hill University, UK.
Jim Richards, PhD, is a professor of biomechanics at the Allied
Health Research unit at the University of Central Lancashire. 
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Influence of mental health
on diabetic foot outcomes

As evidence accumulates suggesting neg-
ative effects of depression, dementia, and
other mental health issues on gait and
foot-related outcomes in people with dia-
betes, researchers are looking at ways to
screen for risk factors and psychosocial 
issues earlier in the continuum of care.

By Hank Black

A rush of research in recent years has helped buttress evidence of
associations between diabetes and depression, dementia, and other
mental health conditions that can adversely affect outcomes, espe-
cially in the presence of a diabetic foot ulcer.

“The amount of cognitive power that goes into dealing with
basic diabetes is often taken for granted by the healthcare commu-
nity, but it may have a direct impact on who develops foot ulcers
and other complications of the disease,” said Jason Rucker, PT, PhD,
clinical assistant professor in the Department of Physical Therapy
and Rehabilitation Science at the University of Kansas Medical Cen-
ter in Kansas City. 

Having diabetes doubles the odds of having a comorbid de-
pressive disorder.1,2 And patients with foot problems have, on aver-
age, significantly greater symptoms of depression, pain, and suicidal
behavior than those without.3

In the US, the risk for major depression is increased as much
as six times if a somatic disease (such as diabetes) is present, and
the prevalence of comorbid depression ranges as high as 17% in
patients with end-stage renal disease.4 Amputation, microvascular
diseases, and poor glycemic control are associated with impaired
global cognitive function and its domains among patients with dia-
betic foot issues aged 65 years or younger.5

The World Health Organization (WHO) estimated that the 12-
month prevalence of mood disorders (including different subtypes
of depression) in developed countries was between 3.1% (Japan)
and 9.6% (US).6 In studies of both general populations and those
in clinical settings, depression is more common among patients with
diabetes (both type 1 and type 2) than their nondiabetic counter-
parts, with 12-month prevalence estimates typically falling in the
10% to 15% range.1,7

The WHO World Mental Health Survey reported that the co-
morbid state of depression with diabetes causes even greater de-
clines in perceived health than if the declines in perceived health
for depression alone and for diabetes alone were added together.
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The American Diabetes Association’s 2017
Standards of Medical Care underscore the
increasing importance of evaluating and
managing patients’ psychosocial well-being.
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This finding suggests a negative interactive effect between depression and 
diabetes.8 

“When the Affordable Care Act rolled in, we were told that if our patients
had printed copies of instructions relating to the visit, maybe this would reinforce
their ability to adhere to our treatment regimen,” said James S. Wrobel, DPM,
associate professor of medicine at the University of Michigan in Ann Arbor. “But
I get the sense this hasn’t occurred much. Patients only wear offloading devices
twenty-two percent to twenty-eight percent of the time,9,10 and I believe much
of it has to do with cognitive changes and active episodes of depression.” 

Any patient with diabetes will tell you it’s a disease that is difficult, some-
times even scary, to live with, said Alicia McAuliffe-Fogerty, PhD, CPsychol, a
clinical health psychologist and vice president of the lifestyle management team
for the American Diabetes Association (ADA) in Alexandria, VA.

“People with diabetes are their own doctor on a day-to-day basis, making
minute-to-minute treatment decisions that sometimes could mean life or death
to them,” McAuliffe-Fogerty said. “You can educate a patient on how to care for
their diabetes and provide them with guidelines, but if they are stressed, de-
pressed, or nervous about treatment, these will impact their behaviors in self-
managing the disease.” 

Taking action
Evidence of a negative effect of anxiety, stress, and depression on the health
status and self-care behaviors of people with diabetes has accumulated rapidly
over the past few years, and some researchers are looking at potential ways to
check for risk factors and signs of psychosocial issues earlier in the continuum
of care.

In fact, the evidence prompted the ADA to include evaluation of and care
for patients’ psychosocial well-being in its 2017 Standards of Medical Care.11

That followed a 2016 position statement12 that provides wide-ranging and 

Continued from page 27
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specific guidelines for psychosocial assessments and care. The
statement emphasizes that diabetes management is more success-
ful when lifestyle and emotional status are an integral component
of diabetes care.

“People with diabetes have a greater risk of depression and
anxiety,” McAuliffe-Fogerty said. “But medical providers are not al-
ways taught to understand the impact that psychosocial factors have
on people living with diabetes.”

To help psychologists prepare to treat the mental health issues
of patients with diabetes, the ADA is collaborating with the Ameri-
can Psychological Association on an initiative, to begin this summer,
that includes a diabetes education program, McAuliffe-Fogerty said.
In addition, the organizations will create a directory of diabetes-
friendly psychologists in each state to help patients and practitioners
find referrals.

Several lower extremity practitioners interviewed for this article
cited advantages of incorporating mental health screening ques-
tions in initial and subsequent patient visits to try to catch problems
early and minimize their consequences.  

“Recognition of the psychosocial aspects of diabetes is improv-
ing, and should be even greater now that the ADA has emphasized
screening for issues such as depression and cognition,” according
to Frank DiLiberto, PT, PhD, OCS, FAAOMPT, assistant professor in
the Physical Therapy Department at Rosalind Franklin University of
Medicine and Science in North Chicago. “It’s a very complex dis-
ease, but depression in particular is recognized as a barrier to pa-
tient adherence regarding the self-care aspects of diabetes, so
clinically addressing depression or other barriers to self-care, such
as cognition, may improve patient HbA1c levels, and possibly foot

care and physical activity level.”
Monitoring for depression may be particularly important in pa-

tients with diabetic foot ulcers. In a five-year follow-up of a cohort
of 253 individuals presenting with their first foot ulcer, Winkley et al
found baseline depressive disorder was significantly associated with
a two-fold increase in mortality compared with patients who were
not depressed.13

Who is in the best position to detect and monitor mental health
issues in people with diabetes? 

“It’s probably everybody together,” Wrobel said. “Particularly at
higher levels of complications, they’re seeing multiple doctors and
other professionals. Podiatrists and primary care physicians may be
the ones they see most, but therapists and others may also have
long-running knowledge of a patient and be in a position to observe
subtle cognitive or functional changes.”

A team approach can help. 
“Although diabetes care in general is steadily improving, no

practitioner should work in isolation,” said Audrey Zucker-Levin, PT,
PhD, MBA, associate professor in the Physical Therapy Department
at the University of Tennessee Health Science Center in Memphis.
“It’s established that you need a whole team working with a patient
with diabetes, including a mental health professional, although it’s
not necessarily done that way.”

Success in building a team that includes those with a mental
health background is often problematic, depending on where the
patient lives and how easy it is for them to get to their care provider,
Zucker-Levin said. 

“Perhaps telemedicine will get more emphasis; a patient could
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Skype with a psychologist, for
example,” she said.

Last year, an Australian
group published a feasibility
study on the use of an auto-
mated web- and phone-
based intervention to convey
cognitive behavior therapy to
patients with diabetes who are
not able to access services in
person, wish to manage their
mental health themselves, or
both.14 In this single-cohort
study, 89 volunteers with dia-
betes and at least mild de-
pressive symptoms used the
program for seven weeks.

Web-based measures of
relevant symptoms, func-
tional impairment, diabetes-
specific variables, and user
satisfaction were completed
at baseline, postintervention,
and three-month follow-up.
Retention rates were 54% at
postintervention and 36% at
follow-up. Researchers found
sustained improvement in de-
pressive symptoms and mental

health comorbidities, including anxiety, functioning, and diabetes-
specific distress.14

Physical activity
Another potential intervention is regular physical activity, which a
2014 study found can help promote cognitive status and foot self-
care in overweight patients with type 2 diabetes.15

“We’re starting to see associations between the duration and
severity of diabetes and cognitive impairment,” said DiLiberto, who
studies how foot and ankle biomechanics relates to diabetic foot ul-
cers and fall risk. “In my area of study I know of three emerging stud-
ies that are looking at incorporating psychologists and/or using
behavioral strategies to improve patient adherence to foot self-care
or activity programs—these studies may help us understand how
certain psychosocial aspects influence activity levels and conse-
quent HbA1c levels and, potentially, ulceration rates.”

Neuropathy-related physical and psychosocial dysfunction is a
risk factor for depressive symptoms in patients with diabetic periph-
eral neuropathy and should be a focus in clinical care, according to
a 2005 study by Vileikyte et al.16 They found a relationship between
clinical measures of neuropathy severity and depressive symptoms,
and that neuropathic symptoms of pain, unsteadiness, and reduced
feeling in the feet each are independently associated with depres-
sive symptoms and together account for that relationship. 

Unsteadiness was the symptom with the strongest association
to depressive symptoms, likely due to patient perception of low self-
value because of the inability to play their usual family role.16 Four
years later the same group also reported patients with unsteadiness
at baseline are not only more likely than those with less unsteadiness

to experience depressive symptoms at the time of assessment, but
are also more likely to experience increased depressive symptoms
in the future, unrelated to changes in unsteadiness.17 Increases in
perceived unsteadiness over time further contribute to increases in
depressive symptoms, irrespective of baseline unsteadiness.

DiLiberto noted that, though it can be a counterintuitive con-
cept for clinicians focused on reducing plantar pressures, decreased
activity can actually increase the risk of foot ulceration in a person
with diabetes and neuropathy, and programs focused on improving
activity levels do not demonstrate an increased risk for ulceration
(see “Exercise and neuropathy: Not mutually exclusive,” July 2011,
page 22). 

“The evidence is that this population, even with neuropathy,
probably should be exercising,” he said. “Since we do not currently
have an activity level program shown to decrease the risk of ulcer-
ation, exploring other factors such as depression and even cognition
may ultimately lead to improved self-care, physical activity level pro-
gram adherence, and outcomes—such as lower ulceration rates,
‘slowing’ the severity of neuropathy, and overall improved health.”

Cognitive and motor function
Gait can be affected when a person is sad or depressed,18 or when
cognition declines due to age-related dementia.19 In a 2014 study
of middle-aged people with type 2 diabetes, Spanish researchers
found structural brain changes occurred in both cases and were
correlated with functional brain changes, mainly in the fronto -
temporal area.20 Worse executive function and memory functioning,
for example, are associated with less grey matter density, among
other structural changes. Executive dysfunction is associated with
problems related to gait21 and functional abilities22—both of which
can contribute to increased risk of falls,23 greater dependence,24 in-
stitutionalization, and mortality.25

“We often tend to think of cognitive and motor functions as
being independent of one another, but that really isn’t the case.
When we start to see changes in the frontal lobes of the brain, we
often find that both cognitive and motor changes are present,”
Rucker said. “There’s strong evidence from multiple populations that
signs of cognitive decline, and particularly a decline in executive
function, are associated with a reduction in gait speed and increase
in gait variability. Basically, patients begin to slow down and stagger.” 

Clinically, however, that decline may not be obvious.
“We practitioners should be picking up on those subtle

changes in our patients, but frankly may not be doing a great job of
it,” Wrobel said.

Executive function involves the ability to plan, organize, and se-
quence activities, including the ability to perform dual tasks. A 2014
study from the UK found executive function was particularly com-
promised in patients with type 2 diabetes compared with controls,
and that the patients with diabetes demonstrated impaired postural
stability under dual-task conditions.26

Rucker noted that cognitive tests, such as the brief Mini-Med-
ical State Exam and Montreal Cognitive Assessment, can give clini-
cians a sense of whether a patient has significant impairment.
Adding a cognitive task to a simple Timed Up & Go (TUG) test can
give a quick estimate of how well a patient can dual-task, he said. 

“Unfortunately, there’s no standardized way to administer or in-
terpret this test, but one method is to ask the patient to count back-
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wards by threes from a set number while performing the
TUG. We look at how much the patient’s gait speed changes
while they’re dual-tasking, and how well they perform the
cognitive task,” Rucker said. 

Another option is the Walking and Remembering
Test,27 which calls for the patient to walk along a narrow
pathway under single- and dual-task conditions; it requires
a little more effort to administer but also provides more in-
formation, he said.

Impaired executive function, which can affect self-
care, may help explain the reported association between
cognitive status and risk of foot ulcers in patients with dia-
betes. In a 2016 study, Israeli researchers assessed 194
patients with diabetes and found that those with foot ulcers
had significantly lower cognitive scores than those who
were ulcer-free.28

“Diabetes is a very complicated disease to manage,
and if you have a lower level of executive function, effec-
tive self-care is that much more difficult. We are seeing ev-
idence that people with cognitive impairments tend to
have worse glycemic control and are at an increased risk
for complications like foot ulcers and amputations,” Rucker
said. “Even in young people with diabetes, there is evi-
dence that diminished executive function seems to lead to
poorer food choices, which is obviously a big problem in
the context of this disease.”

More research on the cognitive deficits that may ac-
company diabetes and how they impact everyday func-
tioning is needed, he said. Specific instruments that assess
dual-task performance, reaction time, and processing
speed could be administered to newly diagnosed type 2
diabetes and used to identify and monitor any deteriora-
tion of cognitive function and the usefulness of therapeutic
interventions on cognitive function.29

“Hopefully we can use these cognitive and cognitive-
motor tests to identify at-risk people early, before they

Continued from page 30
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have major medical events, such as falls
or foot ulcers,” Rucker said.

Due to improved treatment and
other factors, patients with diabetes are
living longer.30 This improved longevity,
however, is accompanied by an in-
creased risk of geriatric health complica-
tions, including cognitive impairment and
dementia.31

“That’s the challenge we have now,”
Wrobel said. “Diabetic foot ulcers usually
show up as a late complication, and aging,
of course, may include cognitive declines
that make carrying out self-care duties dif-
ficult. We have to understand that there are
multifactorial reasons for the challenges
people face when they have this disease
and these complications.”

Perhaps the recent development of
a risk score for the prediction of 10-year
dementia risk in patients with type 2 dia-
betes will help. The risk score proposed

by Exalto et al can be used to increase vigilance for cognitive deterioration
and for selection of high-risk patients for participation in clinical trials, the au-
thors suggested.32

Diabetes distress 
The psychological burden of diabetes on a basic level—feelings of irritability,
inadequacy, nervousness, sadness, and more—can be associated with low
well-being and social functioning even in the absence of clinical depression;
growing awareness of these symptoms has led to the popularization of the
term “diabetes distress.”33 Hungarian physiologist Hans Selye used the term
“distress” to distinguish between stress initiated by negative, unpleasant stres-
sors and positive stress.34 Distress is an emotional response toward adverse
or unpleasant stressors, whereas depression is a diagnosis based primarily
on having five of nine symptoms, without respect to cause or context.33

Diabetes distress and depression are correlated and overlapping con-
structs, but are not interchangeable, and evidence has shown diabetes dis-
tress mediates the association between depression and glycemic control.35

According to the ADA, overwhelming distress can negatively affect self-man-
agement, including foot self-care. Even the fear of hypoglycemia and its po-
tential sequelae of peripheral neuropathy, foot ulcers, and limb amputation
is a major component of diabetes distress.12

McAuliffe-Fogarty has had type 2 diabetes for 30 years and has experi-
enced diabetes distress at different junctures, she said. 

“People think the psychological problems like depression are the be-all
and end-all. And as a psychologist myself, I understand that. But we also know
that these more normative issues are also a huge concern,” she said. 

Some of the evaluative tools the ADA recommends in its position state-
ment take just a few minutes to administer, and are designed to screen patients
efficiently for referral to a mental health professional, McAuliffe-Fogerty said.
The hope is that these instruments, administered initially after diagnosis and
routinely through the care continuum, can lead to more timely treatment. 

Hank Black is a freelance writer in Birmingham, AL.  

References are available at lermagazine.com.
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The role of hip extensor
strength during cutting

Although most clinicians tend to emphasize
hip abductor and external rotator muscle
strengthening in injury prevention and re-
habilitation, recent research suggests ex-
ercises to increase explosive hip extensor
strength may be critical for controlling
frontal plane motion during cutting tasks.

By Marc Norcross, PhD, ATC, and Sam Johnson, PhD, ATC

Walk into any sports medicine clinic and you are bound to see a
patient performing “proximal control” exercises—clamshells, side-
lying leg raises, and monster walks, to name just a few. The reason
for this ubiquitous clinical practice is likely driven by the fact that
excessive frontal plane motion of the hip and knee is thought to be
related to many lower extremity injuries, including patellofemoral
joint dysfunction,1-3 iliotibial band friction syndrome,4 and ruptures
of the anterior cruciate ligament.5-7

Accordingly, a common clinical paradigm is that, if a patient’s
hip musculature can be strengthened, their symptoms can be alle-
viated and/or their injury risk decreased through an improved ability
to control frontal plane motion of the hip and knee. However, the
results of studies investigating the relationships between hip
strength and frontal plane motion during functional tasks have been
inconsistent.

The traditional paradigm
The musculature about the knee has limited capacity to control
knee valgus motion directly.8,9 Therefore, the magnitude of knee val-
gus motion during movement is primarily influenced by joints either
distal or proximal to the knee.2 Proximally, greater knee valgus an-
gles are associated with greater hip adduction during landing10 and
cutting activities.11 This suggests that increasing the capacity of the
hip abductors to control frontal plane hip motion may reduce the
magnitude of hip adduction and, in turn, knee valgus during move-
ment. Clinically, the gluteus medius is the most common muscle tar-
geted for this reason because it is the primary producer of hip
abduction torque.12-14 

However, greater hip internal rotation is also associated with
greater knee valgus angle during movement.10 As a result, clinicians
often also include exercises designed to increase the strength of
the hip external rotators to reduce knee valgus by improving control
of hip internal rotation.15 Unfortunately, despite the common accept-
ance of this clinical treatment paradigm, research evaluating the 
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Frontal plane control benefits associated
with explosive gluteus medius strength may
be negated when the hip is flexed and/or
abducted, which occurs often in sports.
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relationships between hip abductor or external rotator strength and
frontal plane motion have reported inconsistent findings.  

Hollman et al16 and Norcross et al17 reported that greater iso-
metric hip abductor strength was associated with greater knee val-
gus angle or frontal plane projection angle (FPPA) during a single-leg
squat—a relationship that is the opposite of what would be ex-
pected. Further, these investigators failed to identify any significant
associations between isometric external rotator,16,17 eccentric exter-
nal rotator,17 or eccentric hip abductor17 strength and frontal plane
knee motion. Thijs et al18 also failed to identify a significant relation-
ship between isometric hip abductor strength and FPPA during a
forward lunge. Conversely, Claiborne et al19 reported that greater
concentric hip abductor torque measured at 60°/sec was associ-
ated with less knee valgus motion during a single-leg squat; and
Willson et al20 reported a trend for greater isometric hip abductor
(p = .07) or external rotator strength to be associated with a smaller
FPPA at the knee during a 45° single-leg squat. 

Willy and Davis21 reported significantly less hip adduction dur-
ing a single-leg squat in female runners following the completion of
a training program that increased hip abductor and external rotator
strength, but these training-related changes in hip adduction were
not identified during running. In contrast, Heinert et al22 reported
that, while frontal plane hip kinematics during treadmill running did

not differ significantly between strong and weak groups classified
on the basis of isometric hip abductor strength, the weak group had
significantly greater knee valgus than the strong group at initial con-
tact and throughout the stance phase. 

The equivocal relationship between hip strength and frontal
plane motion extends beyond squatting and running tasks. During
a single-leg landing task, Jacobs et al23 observed a trend for less
knee valgus and hip adduction to be associated with greater iso-
metric hip abductor strength. This same group also reported a sig-
nificant relationship between greater peak eccentric hip abductor
strength measured at 120°/sec and less peak knee valgus during a
single-leg hop.24 However, Patrek et al25 failed to identify any mean-
ingful changes in frontal plane hip or knee kinematics during a 40-
cm single-leg drop landing following a fatigue protocol that reduced
peak isometric hip abductor strength by 43%. 

Homan et al26 did not identify differences in frontal plane knee
kinematics during a double-leg jump landing between groups of
women classified as having high versus low isometric hip abductor
or external rotator strength. However, they did find that participants
in the low hip abductor and external rotator strength groups had
significantly greater gluteus medius and gluteus maximus activation,
respectively, as measured using surface electromyography.26 Al-
though the authors concluded that strength did not influence frontal
plane knee kinematics directly, weaker individuals did utilize greater
neural drive than stronger individuals to achieve a similar kinematic
profile.26

Despite its general acceptance, the published evidence related
to the traditional clinical paradigm between hip abductor and ex-
ternal rotator strength and frontal plane motion is inconclusive. Al-
though the reasons for this inconsistency are likely multifaceted, two
potentially relevant factors are important to consider with respect
to the relationship between hip strength and frontal plane motion:
1) the functional divisions of the gluteus maximus, and 2) the dis-
crepancy between the way hip strength is most commonly assessed
during scientific studies and the way the hip muscles actually func-
tion during a dynamic task.

Gluteus maximus functional divisions 
The gluteus maximus is most commonly thought of as a single mus-
cle that functions primarily as a hip extensor and external rotator.13

However, there is evidence suggesting that it has two distinct func-
tional divisions. Stern27 described the anatomy of the gluteus max-
imus and concluded that, though the lower portion is oriented to
produce hip extension, the upper portion via its insertion on the
tensor fascia latae is most effective at producing hip abduction.
Grimaldi et al28 reported different changes in the upper and lower
portions of the gluteus maximus in response to advanced hip joint
pathology and concluded the upper portion should primarily be
considered a hip abductor. Lyons et al29 highlighted the synergy be-
tween the activation of the gluteus medius and the upper portion
of the gluteus maximus during the single-leg support phases of
walking and stair climbing—further supporting  the hip abductor role
of the upper gluteus maximus. 

Recently, Selkowitz et al30 reported that, during therapeutic ex-
ercises incorporating hip abduction, external rotation, or both, the
upper portion of the gluteus maximus had significantly greater ac-
tivation amplitude than the lower portion. However, no significant
differences in activation amplitude were identified between the
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upper and lower portions during exercises that focused primarily
on hip extension.30 This finding is especially interesting, as it sug-
gests the role of the upper gluteus maximus is not limited to hip ab-
duction and that it can contribute to the external rotation function
of the gluteus maximus.13,31 Further, the results indicate the upper
gluteus maximus also functions synergistically with the lower portion
to produce hip extension.30 Therefore, while it may not be possible
clinically to isolate and test the strength of the upper portion of the
gluteus maximus, greater overall hip extension strength might be
indicative of greater strength of this functional division.   

Despite this functional role of the upper gluteus maximus, rel-
atively few studies have directly investigated the influence of hip ex-
tensor strength on frontal plane motion during dynamic activities.
Thijs et al18 reported no significant association between isometric
hip extension strength and FPPA at the knee during a forward lunge.
Stearns and Powers32 reported that, following a hip-focused training
program that increased isometric hip extension strength, women
exhibited a 1.2° smaller peak knee valgus angle during a double-
leg drop jump (p = .07). However, because the training program
also facilitated an increase in isometric hip abduction strength, the
individual influence of hip extension strength on this kinematic
change is not clear. 

Hollman et al33 observed no change in frontal plane knee or
hip motion during double-leg vertical jumps following a fatigue pro-
tocol despite a 25% reduction in isometric hip extension strength.
They suggested that fatigue-related kinematic changes may have

been effectively mitigated by a 33% increase in gluteus maximus
activation during postfatigue vertical jumps. In a subsequent article,
Hollman et al34 reported that, after controlling for hip motion, iso-
metric hip extensor strength and gluteus maximus activation were
predictive of knee valgus angle at peak knee flexion during double-
leg vertical jumps. 

Collectively, these investigations provide some support for a
relationship between greater hip extension strength and lesser
frontal plane hip and knee motion. However, relatively few studies
have been performed, and they are limited by the use of fairly low-
level (forward lunge)18 or double-leg (drop32 and vertical jump33,34)
tasks rather than a single-leg dynamic movement such as cutting.
Further, all of these investigators chose to measure peak hip exten-
sion strength during an isometric contraction rather than quantifying
the capacity to produce explosive strength, which is how muscles
function during athletic movements.    

Why measure explosive strength?
The majority of studies that have evaluated the influence of hip
strength on frontal plane hip and knee motion have quantified peak
strength during a maximal voluntary isometric contraction
(MVIC).16,18,20-23,25,26,32-34 Although this may be clinically feasible, the
time to peak torque during an MVIC is appreciably longer than the
time available during landing to control peak frontal plane motion.
Peak knee valgus and hip adduction occur within 150 ms of initial
contact during landing.35,36 However, peak torque during MVIC is
generally not achieved until at least 250 ms after torque onset.37,38

As a result, the explosive strength characteristics of a muscle group
are typically assessed by quantifying the rate of torque development
(RTD), or the slope of the isometric torque-time curve.39,40

Further, despite being related,40,41 peak strength and explosive
strength have been shown to increase differentially in response to
training.42 Consequently, explosive hip strength is not only modifi-
able, it also may be more relevant than absolute isometric hip
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strength for controlling frontal plane motion during the 150 ms fol-
lowing ground contact.            

Our recent research 
Given this background, we sought to address some of the limitations of
previous investigations by conducting a study that examined the rela-
tionships between explosive hip extensor and abductor strength and
frontal plane hip and knee kinematics during a single-leg jump-cut task.43

Forty healthy female recreational athletes performed isometric
hip extensor and abductor contractions as hard and as fast as pos-
sible in response to a light stimulus on a dynamometer. Participants
were positioned during the two conditions in an effort to isolate the
gluteus medius (abduction) and gluteus maximus (extension). RTD
of the hip extensors and abductors was then calculated during the
200 ms after torque onset. Frontal plane knee and hip kinematics
were also recorded during a jump-cut task and compared between
participants in the highest and lowest RTD tertiles for each hip
strength condition.43 Although no differences in frontal plane kine-
matics were identified between the high and low hip abductor RTD
groups, women in the high hip extensor RTD group exhibited less
knee valgus and hip adduction motion during the jump-cut task than
those in the low hip extensor RTD group.43

Conclusions and clinical implications
The lack of a relationship between explosive hip abductor strength
and hip adduction and knee valgus was extremely surprising given
the traditional hip strength and frontal plane motion paradigm. How-
ever, we concluded the lack of relationship may have been driven by
the manner in which the jump-cut task was performed. On average,

participants landed with about 30° of hip flexion and slightly more
than 10° of hip abduction.43 Unfortunately, the capacity of the glu-
teus medius muscle to produce hip abduction torque decreases as
the hip is flexed12 and abducted.12-14 It is possible that any frontal
plane control benefits that might be associated with greater explo-
sive gluteus medius strength are negated during movements that
are performed with the hip in significant flexion and abduction.43

Conversely, the effectiveness of the gluteus maximus to func-
tion as a hip abductor seems to increase as the hip is flexed.44,45

Therefore, the greater frontal plane control by participants with more
explosive hip extensor strength may have been because the upper
portion of the gluteus maximus was able to effectively control
femoral motion.43

Considering that many athletic tasks are performed with the hip
in a flexed and/or abducted position, we proposed that increasing ex-
plosive gluteus maximus strength by performing exercises with a spe-
cific intention to move quickly—which has been shown to be the
primary stimulus for improving explosive strength46—may be important
in lower extremity rehabilitation and injury prevention programs.43

However, the effectiveness of this novel addition to the traditional hip
strength paradigm in controlling frontal plane motion needs further
evaluation. 

Marc Norcross, PhD, ATC, is an assistant professor and graduate
coordinator of the Kinesiology Program, and Sam Johnson, PhD,
ATC, is a clinical assistant professor and clinical education coordi-
nator for the Athletic Training Program, both in the College of Public
Health and Human Sciences at Oregon State University in Corvallis. 
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Using wearable sensors
to characterize CP gait

Inertial measurement units (IMUs) facili-
tate the creation of a gait analysis system
that is portable and suited for use in the
clinic. Research suggests IMUs can be
used to measure clinically important gait
metrics in children with cerebral palsy,
which may improve patient outcomes. 

By Mahmoud El-Gohary, PhD; Sean Pearson, BS; Paul Vasilyev, BS; James

McNames, PhD; and James Carollo, PhD, PE

The need to characterize human movement has consistently driven
researchers to develop improved motion analysis systems. The pri-
mary measurement challenge is to design devices and algorithms
that can accurately monitor movement regardless of the activity and
testing location. Movement has typically been captured using opti-
cal, mechanical, or inertial sensing instruments. Although each sys-
tem offers its own advantages, they all have unique limitations that
may distract clinicians from their core responsibilities when de-
ployed in a clinical environment. The current standard for measuring
movement in a clinical environment involves instruments that have
varying degrees of accuracy and complexity and may be adminis-
tered differently depending on the user’s biomechanical expertise.

Instrumented gait analysis (IGA) is the most common quantita-
tive method used for clinical gait assessment.1 The technique is lab-
oratory based and most often uses optical motion capture to
characterize the kinematics of human movement. Although these
systems are the industry gold standard, they are costly, cumber-
some, and may suffer from optical occlusion, which occurs when
objects interrupt the line of sight between the markers and video
cameras. Because they require a dedicated motion laboratory with
specialists to collect, process, and interpret movement data, they
are not easily integrated into the typical outpatient clinic. 

Mechanical motion capture systems such as electrogonio -
meters can provide precise and accurate position estimates for a
single joint. However, they can be cumbersome when measuring
different joints, axes of rotation, or bilateral movement patterns; are
unnecessarily complex for monitoring daily activities; and can ac-
commodate only a limited range of motion. 

Inertial sensors have been widely used to overcome the limita-
tions of other motion capture systems. Inertial measurement sys-
tems continue to change rapidly, and there have been significant
advances in reducing their cost and size in the last few years. A 
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Inertial sensor-based gait systems could
provide clinicians with significantly more
useful information than a simple activity
monitor or periodic video of patients’ gait. 
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typical inertial measurement unit includes accelerometers to meas-
ure the translational acceleration in addition to gravity, gyroscopes
to measure angular velocities, and magnetometers to measure the
earth magnetic fields. The sensors can be attached to various body
segments, and the detected movement can be continuously
recorded while the wearer performs normal daily activities.2,3

Sponsored by a grant from the National Institute of Neurologi-
cal Disorders and Stroke, we have developed a wearable system
with IMUs to characterize gait in children with cerebral palsy (CP).
The system provides joint kinematics and temporal-spatial measures
of gait, similar to those obtained by optical motion capture systems,
at a fraction of the cost and with much more simplicity, automation,
and ease of use.

Background
CP is a group of permanent disorders affecting the development of
movement and posture and resulting in mobility limitations.4 The
most common observed symptoms of CP are lack of muscle coor-
dination during voluntary movements, exaggerated reflexes (spas-
ticity), and muscle weakness.5 Severity of the disease depends on
the area of the brain affected and the extent of the injury; conse-
quently, associated gait abnormalities are unique to each individual.6

While each person with CP has a characteristic gait, several typ-
ical patterns are often displayed. These include jump knee, crouch
knee, stiff knee, knee recurvatum, and varying types of equinus
gait.7 Jump knee gait is described as a toe-walking pattern with in-
creased knee flexion in the early stance phase of gait, followed by
a rapid knee extension in late stance, while the pelvis is tilted ante-
riorly.8 Crouch gait is a pattern with excessive hip and knee flexion
during both the stance and swing phases,9 with the ankle often ex-
cessively dorsiflexed in stance.8 Stiff knee gait indicates a gait 
pattern with insufficient knee flexion during swing,7,10,11 leading to

reduced foot clearance during swing and distinct compensatory
movements. Knee recurvatum is characterized by knee hyperexten-
sion in mid- or terminal stance, often related to a forward body po-
sition or an exaggerated plantar flexion/knee extension couple.7

Equinus gait is another type of toe-walking, characterized by
excessive ankle plantar flexion during stance, but without the dy-
namic knee motion seen in jump knee gait.10,11 This pattern of toe-
walking has been more recently referred to as “true equinus,” to
distinguish it from a toe-walking pattern that may be similar in ap-
pearance, known as “apparent equinus.” In apparent equinus, toe-
walking is the result of excessive knee flexion in stance with a
relatively neutral ankle position, rather than the excessive plantar
flexion associated with true equinus. Goldstein and Harper, among
others, have stated that failing to distinguish between true equinus
and apparent equinus is the most common and potentially damag-
ing mistake in observational gait analysis.11-13 

IGA is an essential tool for distinguishing among the gait pat-
terns associated with CP, and any measurement system used to
characterize gait performance in individuals with CP should provide
clinicians with the quantitative information necessary to identify
them accurately.

The current standard of expert care for children with gait ab-
normalities is to obtain IGA pre- and post-treatment interventions.
In addition to measuring static joint ranges of motion, a full IGA in-
cludes at least kinematic assessment of the pelvis and lower ex-
tremities during walking to characterize joint angles and quantify
displacement of body segments. Despite the importance of this type
of assessment, IGA systems are not available in most physical ther-
apy clinics, and consequently are often not even considered for
adults with CP, very young children, and individuals with gait abnor-
malities other than CP who could benefit from clinical gait analysis.  

We developed an inertial system that can provide measures of
joint kinematics and gait similar to those provided by IGA, but is
cheaper, more efficient, and easier to use in the clinic. The system
uses lightweight, wearable IMUs, which stay securely attached to
the body, allowing users to perform unrestricted movements. It pro-
vides objective measures of 3D gait kinematics and temporal-spatial
parameters (walking speed, cadence, step times, and step lengths)
describing movement patterns and the time-varying nature of mo-
tion at the hip, knee, and ankle joints in the sagittal, frontal, and hor-
izontal planes. The system also characterizes symmetry and
variability of temporal events between each leg during walking, in-
cluding swing and step duration, timing, and consistency.

The system
Our inertial system uses seven wearable IMUs attached to the
pelvis, femur, tibia, and foot (Figure 1). The IMUs use wireless syn-
chronization, which is critical for measuring coordination of the hip,
knee, and ankle of both sides relative to the trunk. We developed a
tracking algorithm to estimate joint angles and range of motion of
the lower limb during gait, using the IMU data. The algorithm tracks
3D motion/orientation of the pelvis, and associated hip, knee, and
ankle joint angles bilaterally during any bipedal task. It also provides
temporal-spatial measures of gait, along with a quantitative tool to
assess the critical gait events that occur at the foot, ankle, knee, or
hip during a typical walking cycle. These critical events, as described
by Perry,14 occur during specific phases of the gait cycle and are
considered an essential requirement for producing a normal walking
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Figure 1. An Opal wearable sensor with a Velcro strap in a docking station used to
recharge the device (APDM Wearable Technologies, Portland, OR). 





follow directions and otherwise comply with testing instructions. 
With the IMUs and reflective markers attached to the pelvis,

thighs, shanks, and feet, each child walked back and forth along a
40-foot walkway at a self-selected pace for two minutes. The inertial
and optical data were processed after data collection to calculate
the lower limb joint angles. We used the mean absolute error (MAE)
to compare the joint range of motion for both gait systems. Table 1
shows the MAE for the entire study group, including both the 
typically developing children and those with CP. The MAE ranged
from 5.1° ± 4.2° to 8.2° ± 5.9°. This is a reasonable error range
compared with previous studies that used inertial sensors to track
simple planar movements, which reported error ranges up to 20°.16-18

Tables 2 and 3 show the MAE for the CP and control groups sepa-
rately. Despite the larger variability of gait and joint angle tracking
in the CP group, the tables show comparable errors for the CP and
control groups.

Despite the good agreement, we believe some of the estima-
tion errors might be attributed to misalignment of the IMU frame
relative to the anatomical axes of rotation. When the IMUs are at-
tached to different body segments, they are not perfectly aligned
with the segment main axes of rotation. Therefore, we asked the
study participants to remain stationary in a neutral pose for about
three seconds at the beginning of the recording to estimate this mis-
alignment. This information is then used to realign the sensor data
for analysis using matrix rotation before calculating the joint angles.
While this addresses misalignment of the sensors relative to the
anatomical axes, it assumes the participant can both remain station-
ary and adopt a truly neutral initial pose. Often individuals with CP
will have joint contracture or limb-length deficiencies that prevent
them from standing in this neutral pose, and we hypothesize that
this contributed to the larger errors seen in this group. We are de-
veloping other analytical and procedural techniques to address this
potential issue.  

Another source of disagreement between the inertial and op-
tical systems could be attributed to skin motion artifact and muscle
movements, a known issue19 with systems that use markers 
attached to the body. Similarly, skin artifacts also influence the

Continued on page 46

pattern. Examples include a heel-first initial contact; existence of
controlled ankle plantar flexion (first rocker) and a knee flexion wave
during loading response; controlled ankle dorsiflexion (second
rocker) during midstance; hip extension with a trailing limb posture
during terminal stance; and rapid hip flexion with synchronous ankle
plantar flexion (third rocker) during preswing.14

The significance of this approach is that once these critical gait
events are identified, clinicians can use the IMU data to determine
functional reasons for why a particular critical event is absent, al-
tered, or delayed. Interventions can then be focused on restoring
delayed, altered, or missing critical events, leading to improved
walking performance.15 Figure 2 shows an example of hip, knee,
and ankle angles during a normalized gait cycle for a typically de-
veloping girl aged 10 years. The dark green and red lines represent
the average of right and left limb angles respectively across all gait
cycles during a two-minute walk. The light green and red bands rep-
resent ± 1 standard deviation. The green, red, and blue columns 
indicate the gait phases of loading response (LR), mid/terminal
stance (M/TS), and preswing (PS), respectively, and the correspon-
ding first, second, and third rockers of the foot and ankle.

Validation and results
Although optical systems may have limitations, they are the most
common and accurate method available for tracking movement in
a laboratory environment. Therefore, we used an industry standard
motion capture system as a reference to evaluate the performance
of our inertial tracking algorithm in children with and without CP.
The validation study was conducted at the Center for Gait and
Movement Analysis (CGMA) at Children’s Hospital Colorado/
University of Colorado in Denver, which is equipped with a 13-camera
motion capture system. We compared the inertial metrics with those
obtained from the motion capture system in five children with CP
and five age-matched typically developing children (13.6 ± 4.1
years; six girls). Primary inclusion criteria of the CP group include a
clinical diagnosis of cerebral palsy (spastic diplegia or hemiplegia),
GMFCS (Gross Motor Function Classification System) level of I-III,
aged between 7 and 21 years, able to walk continuously for two
minutes, able to provide informed consent or assent, and able to
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Figure 2. Ankle, hip, and knee joint angles quantified by the inertial system for a
healthy girl aged 10 years. The angles are normalized to 100% of the gait cycle with
the green, red, and blue columns indicating the phases in which critical events occur.
Green and red lines represent angles of the right and left leg.

Figure 3. Joint angles of the left (red) and right (green) lower limb of a left hemiparetic
girl with CP,  aged 10 years. The left foot is held in plantar flexion with a weaker dorsi -
flexion. Flexion of the left knee and hip is reduced during the swing phase compared
with the right knee and hip.





inertial sensor measurements, resulting in orientation changes in
the segments. These orientation changes may produce joint angle
estimates that are biomechanically unlikely, and lead to a disagree-
ment between the systems.

Figure 3 shows joint angles of the right (green) and left (red)
lower limb of a girl aged 10 years with left hemiplegic CP, measured
using the inertial system. The figure shows the left ankle is plantar
flexed throughout the gait cycle relative to the right side and relative
to the age- and gender-matched control participant shown in Figure
2. The child with CP also walked with reduced left knee flexion dur-
ing swing. The presence of both reduced knee flexion and excess
plantar flexion in swing can lead to a foot clearance problem during
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limb advancement, which increases the risk of tripping and falling.
In CP, lack of knee flexion in swing is an example of stiff-knee gait
described above, and excess plantar flexion throughout the gait
cycle is an example of “true equinus”—or, more specific to the swing
phase, drop-foot gait. Figure 3 illustrates that the inertial system can
detect common gait problems in a child with CP, which has impor-
tant clinical significance and treatment implications.

Conclusion 
Our findings suggest that it is feasible to use IMUs to measure nor-
mal and abnormal gait metrics that are clinically important. The sys-
tem is portable and unobtrusive, and requires no lengthy setup or
calibration, all of which make the system well suited for use in the
clinic. The system will enable clinicians to capture patients’ move-
ment during their unconstrained, spontaneous activities of daily life
either in their home environment, which could involve fewer sensors
depending on the measures of interest, or in the clinic. This would
provide clinicians with significantly more useful information than a
simple activity monitor or periodic video of their patients’ gait. The
impact of this technology may lead to better clinical decisions that
are more accessible to the disabled population than current meth-
ods of IGA. 

Individuals with CP may display an array of gait patterns, de-
pending on the severity and location of the original injury to the
brain. Gait analysis with the inertial system will make it easier for cli-
nicians to recognize these different gait patterns by quickly review-
ing the kinematics of the hip, knee, and ankle joints throughout the
gait cycle to detect delayed, altered, or missing critical gait events.
Clinicians can then use these objective, quantitative measures to
characterize their patients’ gait before and after an intervention, and
to compare each patient’s information to reference data from an
age-matched typically developing cohort. 

The inertial-system−based analysis is not a replacement for
clinical experience. Rather, it is a tool that complements clinical
judgment and can help improve diagnosis and recommendations
for therapeutic and alternative interventions or rehabilitation strate-
gies. It can also facilitate the collection of clinical trial outcome
measures in most outpatient clinics, rather than specialized labora-
tory settings. By extending the benefits of IGA to more individuals
with childhood disabilities such as cerebral palsy, clinical outcomes
can be continually improved and documented. 

Mahmoud El-Gohary, PhD, is a research engineer at APDM Wear-

able Technologies in Portland, OR. Sean Pearson, BS, is a signal-

processing engineer at APDM. Paul Vasilyev, BS, is a signal-

processing engineer at APDM. James McNames, PhD, is an APDM

fellow and professor and chair of the Department of Electrical and

Computer Engineering at Portland State University. James Carollo,

PhD, PE, is director of the Center for Gait and Movement Analysis

and the Musculoskeletal Research Center at Children’s Hospital Col-

orado and associate professor in the departments of physical med-

icine and rehabilitation and orthopedics at the University of

Colorado Denver.  
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Fluoroquinolones and
risk of tendon damage

As ciprofloxacin and other fluoroquino -
lones are prescribed more frequently, 
tendon-related adverse effects are also be-
coming more common. Experts often do
not recommend these drugs, particularly
for athletes or elderly patients, and empha-
size that all patients should know the risks.

By Barbara Boughton

Since the 1980s, scientific evidence has mounted about the tendon
damage—including tendinitis and even tendon rupture—that can
occur with use of the popular antibiotics called fluoroquinolones.
This past summer, the US Food and Drug Administration (FDA)
strengthened its black box warning for fluoroquinolones (such as levo -
floxacin and ciprofloxacin), warning of possible damage to tendons
as well as other health risks, and lower extremity clinicians have be-
come increasingly concerned about the side effects of these drugs.

Tendinopathy with fluoroquinolone use is rare, but since the
drugs are used so often, clinicians who specialize in orthopedics
and musculoskeletal injuries are likely to see patients with fluoro-
quinolone-associated tendinitis and tendon rupture, according to
experts interviewed by LER. In the medical literature, tendinitis has
been reported to affect 2.4 of every 10,000 patient prescriptions
for fluoroquinolones, and tendon rupture 1.2 of every 10,000 
prescriptions.1

“These are small numbers, but since these drugs are widely
prescribed, it’s important that musculoskeletal clinicians and those
who treat athletes be aware of the clinical presentation of
tendinopathy that can occur with fluoroquinolones,” said Trevor
Lewis, MSc, GDPhys, MCSP, a senior physiotherapist at Aintree Uni-
versity Hospital in Liverpool, UK, and author of a 2014 review on
fluoroquinolones and tendinopathy.1

Black box updates
In 2008, the FDA required a black box warning for fluoroquinolones
that advised health professionals of the risks for tendon rupture and
tendinitis. Now the FDA has strengthened its black box warning for
these antibiotics, which are taken by 26 million Americans each
year.2,3 In July 2016, the FDA approved safety labeling changes for
fluoroquinolones that warn of disabling side effects that can occur
together and can be irreversible—including damage to muscles, ten-
dons, joints, nerves, and the central nervous system; associated
conditions include tendinopathy, peripheral neuropathy, and 
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Athletes and others who have no other
option but fluoroquinolones for treatment
of infection should be monitored closely for
symptoms of tendinitis and tendinopathy.
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worsening symptoms for those with myasthenia gravis. 
“Fluoroquinolones have risks and benefits that should be con-

sidered very carefully,” said Edward Cox, MD, director of the Office
of the Antimicrobial Products in the FDA’s Center for Evaluation and
Research, in a news release about the black box changes. “It’s im-
portant that both healthcare providers and patients are aware of
both the risks and benefits of fluoroquinolones, and make an in-
formed decision about their use.”

The FDA also notes in its warning that fluoroquinolones should
be reserved only for patients for whom there is no alternative treat-
ments, including those with serious bacterial infections such as an-
thrax and bacterial pneumonia.

Almost all (95%) fluoroquinolone-associated tendinopathy oc-
curs in the Achilles tendon, since its weightbearing role makes it
more likely than other tendons to be injured.1,4,5 Yet researchers
have also reported tendinopathy associated with fluoroquinolone
use in other tendons, including the peroneus brevis, patellar tendon,
adductor longus, rectus femoris, triceps brachii, subscapularis, and
tendons of the hip, among others.6-10 Symptoms can occur within
two hours of taking fluoroquinolones and as long as six months after
the patient has stopped taking the antibiotic.11 Up to 50% of patients
experience tendon symptoms after the fluoroquinolone has been
discontinued.

Patients who use corticosteroids and those older than 60 years
are most likely to be affected by fluoroquinolone-associated ten -
dino pathy, according to recent research.1,4,12,13 One reason is that in-
haled and systemic corticosteroid use has been independently
associated with tendon damage and rupture.1,4,14 

“Older patients are also more likely to experience tendinitis from
fluoroquinolones, because they have tendons that have reduced
strength and elasticity.11 So using fluoroquinolones in an elderly pa-
tient, particularly patients with comorbidities and who are sedentary,
simply adds insult to injury,” said Adam Budny, DPM, a researcher

and practitioner at University Orthopedics Center in Altoona, PA. 
Other risk factors that increase the chance of tendinopathy with

fluoroquinolone use include renal insufficiency (fluoroquinolones
are cleared through the kidney);15 having undergone a kidney, heart,
or lung transplant; rheumatoid arthritis; and diabetes; among others.
Participation in strenuous sports activities and athletics is also a risk
factor.1,4,10,16-19

Tendinopathy has long been considered a side effect of most
fluoroquinolones, but recent studies in the pharmacology literature
have highlighted the particular dangers associated with levofloxacin
and its parent compound, ofloxacin. A 2016 review published in
Pharmacotherapy, in fact, found that data from in vitro studies, ani-
mal studies, patient-level analyses, and large national and interna-
tional surveillance reports showed levofloxacin and ofloxacin are
more likely to cause tendon damage than other fluoroquinolones.20

The risk associated with these two drugs appears to be dependent
on exposure—with higher doses and longer duration associated with
the greatest risk for tendinopathy. 

Weighing the options
Given the side effects and complications associated with their use,
and the sequelae associated with serious tendon injuries—including
chronic pain and mobility restrictions—most clinicians interviewed
by LER do not recommend prescribing these drugs, particularly to
athletes or elderly patients. If they must be prescribed—when there
are no other options—it’s vitally important that physicians inform
their patients of the potential risk for tendinopathy as well as other
possible side effects. 

“Informing your patients about the risks is the right thing to do
from a patient care perspective,” said Kris DiNucci, DPM, FACFAS,
a practitioner at the Foot and Ankle Center of Arizona in Flagstaff
and a former board member of the American College of Foot and
Ankle Surgeons. “Clinicians also need to be aware of the possible
physician liability if patients are not informed about the side effects
of fluoroquinolones. As physicians, we need to document that 
patients have been informed of the possible side effects of fluoro-
quinolones, since many patients with tendon injuries have suc cess -
fully sued pharmaceutical companies.” 

If a patient presents with tendinopathy while taking a fluoro-
quinolone, it’s best to switch them to an alternative antibiotic, ac-
cording to research reports and clinicians.1,21

“If it’s early enough in the process, stopping the antibiotic has
the potential to prevent an inflammatory condition such as tendinitis
from worsening and causing longer-term tendon damage,” said Kyle
Goerl, MD, assistant professor in the Department of Family and
Community Medicine at the Kansas University School of Medicine
in Wichita, and head team physician for Wichita State University 
athletics. 

Athletes who have no other option but fluoroquinolones for
treatment of an infection should also be monitored closely for symp-
toms of tendinitis and tendinopathy, Lewis said. 

“I would question the athlete on a daily basis about their tendon
status while on fluoroquinolone treatment, and for at least six
months following cessation of the drug,” he said.

Treating the tendinopathy
Yet most patients who present with tendinopathy after fluoro-
quinolone use do so weeks or months after the initial infection has

Continued from page 49
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resolved, and after they’ve finished the full course of antibiotics. In
these cases, the only option is to treat the tendinopathy or tendon
rupture in the most judicious way possible. 

The treatment of tendinopathy, however, is not always easy.
Goerl noted that athletes with tendon damage such as tendinitis or
tendinosis, who are typically managed nonoperatively, can miss six
to eight weeks of practice and competition. Tendon ruptures—
whether treated surgically or conservatively—can have an athlete
out of commission for up to a year. 

“Recovery is a fairly lengthy process for tendon injuries, and
many athletes struggle with getting back to their sport after tendon
damage,” Goerl said. “Getting an athlete back from a tendon prob-
lem is one of the most challenging things we do in sports medicine.” 

Goerl said that, in his experience, patients who sustain tendin -
opathy from fluoroquinolone use take longer than the average pa-
tient with tendon damage to return to activity. Researchers1,16 have
also found fluoroquinolone-induced tendinopathy can take longer
to heal than other tendinopathies, and a gradual approach to phys-
ical therapy is most likely to be successful, Lewis said.

Although the use of eccentric exercises in the rehabilitation of
otherwise-healthy athletes with tendinopathy is gaining popularity,
Lewis and colleagues suggested1 using eccentric exercise in pa-
tients with fluoroquinolone-related tendinopathy with caution—
based in part on the fact that in the medical literature the technique
has been less successful in nonathletes than in athletes.22,23

Lewis advocates a two-phase approach to rehabilitation similar
to that described by physical therapist Brenda Greene, PT, PhD, in
a 2002 case report.16 Particularly in the early stages of symptoms,

the first phase consists of rest, and possibly bracing, to allow the
tendon to recover from the chemical injury induced by fluoro-
quinolones, according to Lewis. Then a second phase of progressive
loading can begin. 

Greene, an assistant professor in the Department of Physical
Therapy at Emory University in Atlanta, GA, used techniques aimed
at protecting the tendon from load stresses in the first phase of re-
covery. The patient in the case report—a man aged 41 years who
typically walked or bicycled three to five miles per week—was ad-
vised to use axillary crutches and heel lifts during the initial two
weeks. In the third week, the physical therapist recommended the
use of a counterforce Achilles tendon brace. By the sixth week, the
patient was standing and walking for five minutes without crutches,
but still used the counterforce brace. By the eleventh week of reha-
bilitation, the crutches were discontinued.16

For three months, the patient’s physical therapy program also
emphasized progressive loading of the Achilles tendon. This pro-
gressive loading was accomplished by gradually increasing resist-
ance during exercises that included stretching with a towel, walking
on a rocker board, and walking in a pool of waist- to chest-deep
water. The patient then progressed to riding his 24-speed bicycle
in the lowest gear outdoors. After 11 weeks of physical therapy and
home exercise, the patient’s pain had decreased from 3 to 1 on a
10-point visual analog scale, and his Lower Extremity Functional
Scale score increased from 28 to 71 out of 80, according to the
study. After three additional weeks of home exercise, the patient
graduated to plyometric exercise, which Greene noted had the po-
tential to improve muscular performance.16

In the early stages, tendinopathy from fluoroquinolone use is
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often treated with icing, rest, and nonsteroidal medications—in the
hope these measures will prevent the tendon injury from getting
worse, clinicians interviewed by LER said. 

“We encourage athletes to rest and avoid aggressive exercise,
because we’re afraid that the tendon injury could get worse—and the
athlete could potentially rupture the tendon,” said Kristine Karlson,
MD, associate professor of family medicine and orthopaedics at the
Geisel School of Medicine at Dartmouth College in Hanover, NH.

The eventual use of eccentric exercise, since it loads and
strengthens the tendon, is also important for recovery. 

“Eccentric exercise is the gold standard for rehabilitation from
tendon injury,” Karlson said. 

Unlike Greene, however, Karlson does not recommend bracing.
“It really doesn’t make much of a difference in tendinopathy—

and it can also cause the tendon to become really stiff,” she said. 

More extensive damage
Once the tendon damage results in tendinosis—or worse, a tendon
rupture—more dramatic treatments are inevitable, according to
Stephen Conti, MD, a clinical professor of orthopedic surgery at the
University of Pittsburgh School of Medicine. Treatments for tendi-
nosis can include nonoperative procedures such as the injection of
platelet-rich plasma or percutaneous tenotomy and percutaneous
fasciotomy surgeries, performed with tools using ultrasonic energy
to cut and remove diseased tissue.

“Patients who have age-related tendinopathies have small, dis-
crete areas of internal damage to the tendon, whereas patients who
experience tendinopathy from fluoroquinolone use tend to have
more extensive abnormalities of the tendon,” Conti said. 

Thus, nonoperative treatments and recovery in these patients
tend to take longer, he added.

“Yet surgical treatments for tendinopathies are generally the
same, whether or not the tendon damage stems from use of a fluoro -
quinolone,” Conti said. 

Choosing the right surgical treatments relies instead on factors
such as the extent of tendon abnormality and whether the tendon
is salvageable, Conti noted.  

In the case of a tendon rupture, nonoperative procedures and
surgeries can be used as treatment. With nonoperative treatment
(such as use of a boot and heel lift), the two sections of the torn ten-
don are brought into proximity so the tendon eventually regrows
and heals, Goerl said. 

“With nonoperative treatment, you have no problems with infec-
tion or wound healing, but you can end up with a long, weak tendon,”
Conti said. “The benefit of surgery is that it can produce a better and
fuller repair without resulting in a weak tendon,” he added.

With surgery for a torn tendon, on the other hand, the two ends
of the damaged tendon can be sewn together. If there isn’t enough
healthy tendon tissue to salvage, a tendon transfer or graft can re-
pair the damage. 

“Once the tendon crosses the line to where it is no longer sal-
vageable, then it has to be removed, and a tendon transfer should
be performed,” Conti said. 

Barbara Boughton is a freelance writer based in the San Francisco

Bay Area.
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ActivMotion Bar
Exercise Guide

OPTP has published a new
physical therapy exercise guide
for the ActivMotion Bar. The 50-
page, softcover Activating Func-
tional Mobility manual is de-
signed to help patients develop
strength, mobility, and balance.
It features a full-body training
program, including the lower
extremities, with detailed in-
structions and color photos il-
lustrating more than 40 exer-
cise movements. The exercises
take advantage of the “rolling
resistance” of the 4.5-lb Activ-
Motion Bar (sold separately),
and are specifically designed to
increase patients’ core muscle
engagement while improving
range of motion. 

OPTP
800/367-7393
optp.com

Apex Bunion
Night Splint

Apex Bunion Night Splints help
keep the big toe aligned and
comfort the pain associated
with bunions. The soft bumper
pad cushions the big toe, while
the adjustable hook and loop
strap acts as a lever to gradually
align the big toe toward its natu-
ral position. Apex Bunion Night
Splints are intended to be worn
at night, and are not designed
for ambulation. Available in three
sizes: small (fits women’s shoe
sizes 4-7.5), medium (fits
women’s shoe sizes 8-10.5,
men’s 6-9.5), and large (fits
women’s sizes 11+ and men’s
sizes 10+). Specify when order-
ing whether the device will be
worn on the left or right foot. 

Apex
800/252-2739
apexfoot.com 

Exos Free
Motion Ankle

DJO Global now offers the Exos
Free Motion Ankle—a prefabri-
cated ankle foot orthosis that
can be fully customized and
formed to the patient, providing
functional stabilization of the an-
kle-foot complex and address-
ing bony abnormality, chronic
instability, and post-trauma re-
habilitation. The Exos Free Mo-
tion Ankle is moldable, reform -
able, removable, and adjustable.
It can be customized and fit
within 30 minutes, minimizing
time and cost while expediting
results for the patient. The light-
weight, durable device features
an open heel design for easier
shoe interfacing, as well as a
soft, antimicrobial liner.

DJO Global
760/727-1280
djoglobal.com 

Stride Short
Low-profile Insoles

Building on the success of the
company’s Stride insoles, Tread
Labs introduces the Stride Short
orthotic insole—a 2/3-length
product designed for lower vol-
ume shoes that may not have a
removable insole. Stride Short
insoles feature molded poly -
propylene arch supports and a
12-mm deep heel cup. Semi-
custom sizing, with a range of
21 sizes and four arch heights,
helps lower extremity clinicians
optimize patient fit. The insoles
also come with a replaceable
2-mm topcover. Low-profile Vel-
cro attaches the antimicrobial
topcover to the arch support,
making replacement or modifi-
cation fast and easy. 

Tread Labs
781/435-0662
treadlabs.com
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FS6+ Foot
and Calf Sleeve

Allied OSI Labs adds the OS1st
FS6+ Compression Foot & Calf
Sleeve to its growing catalog for
foot and ankle practices’ dis-
pensing programs. The FS6+
Compression Sleeve is designed
to prevent and/or relieve pain
associated with plantar fasciitis,
shin splints, leg cramps, and
Achilles tendinitis by offering 11
zones of compression and sup-
port. This Compression Zone
Technology provides light com-
pression at the openings of the
sleeve and greater compres-
sion in the forefoot, rearfoot,
and Achilles tendon area. In ad-
dition to enhancing circulation,
the FS6+ Compression Sleeve
is easy for patients to don and
doff.  

Allied OSI Labs 
800/444-3632
alliedosilabs.com

Stability+
Walking Poles

Exerstrider Products introduces
the new Stability+ Medisport er-
gonomically designed walking
poles, designed to meet the
needs of podiatric, physical
therapy, and orthopedic profes-
sionals and their patients. The
medical-grade aluminum alloy
Stability+ telescoping poles fea-
ture ergonomic strapless grips
to maintain a safe neutral wrist
alignment even as users apply
significant lower extremity re-
lieving force to the poles while
walking. The poles are easily ad-
justed from 41" to 51" to fit
users from 4ˈ4" to 6ˈ1", which
allows patients of different
heights to share poles, and
compact to 31" for portability.

Exerstrider Products
888/285-7392
exerstrider.com

Moji Foot Pro
Massage Tool

Designed for runners, but with
universal lower extremity ap-
peal, the Moji Foot Pro is a de-
vice designed to relieve foot
pain by stretching and massag-
ing the entire plantar fascia, pro-
viding intense deep tissue
kneading. The unit features six
stainless steel rotating massage
spheres; an elevated center
sphere pinpoints sore spots in
the arch as the patient rolls the
foot over the device, while five
surrounding 1" spheres work
the entire plantar fascia, heel,
and sides of the foot all the way
to the toes. The stainless steel
spheres also allow the tool to
be chilled in the freezer for ad-
ditional cold-therapy benefits.

Gomoji
800/593-2045
gomoji.com

Spectrum Trail
Midweight Crew

Injinji offers the new Spectrum
Trail Midweight Crew sock, en-
gineered for runners’ comfort
and fit while traversing unpre-
dictable terrain. This midcalf
sock incorporates design ele-
ments to optimize fit, feel, and
protection in any shoe, allowing
the wearer to focus on running.
The socks are built to handle
the impact of dirt paths and
rocky trails with a protective
cushion and midweight design.
The bold Spectrum colors and
graphics will not distort or fade
when worn. The Spectrum Trail
Midweight Crew socks are avail-
able in Appalachian, Coastal,
Forest, Grove, Sierra, and Woods
designs, and in three sizes
(S,M,L).

Injinji
858/270-3811
injinji.com

roducts
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Insite Insoles
for Athletes

The Insite Insoles team has cre-
ated an after-market line of in-
soles that are engineered specif-
ically for athletes and athletic
footwear. Insite’s insoles can be
used for preventing injuries like
plantar fasciitis, tendinitis, shin
splits, and other sports-related
injuries caused by malalign-
ment, impact, and overuse. The
company’s current replacement-
insole product line features
three products: Carbon Pro for
rigid support, Fusion Elite for a
balance of support and flexibility,
and Pulsion Core for full flexibil-
ity and soft support. Carbon Pro
is available in seven sizes for
men and women, and the other
styles come in eight sizes. 

Insite Insoles
603/766-0159
insiteinsoles.com

Vero and Vue
Vicon Cameras

Vicon’s two new cameras, Vero
and Vue, join the company’s
flagship camera, Vantage, to
form a new product family. Vero
is an affordable system suited
to a wide range of applications
with an optical high-resolution
camera range that offers power,
performance, flexibility, and
value for money in the motion
capture (mocap) market. Vue is
a full high-definition synchro-
nized video camera, providing
clear and precise video footage
in the mocap volume. It also en-
ables seamless calibration be-
tween optical and video vol-
umes, ensuring the optical and
video views are perfectly aligned
to capture the finest of details. 

Vicon
303/799-8686
vicon.com

Therafirm Ease
Microfiber Socks

Therafirm introduces Ease Mi-
crofiber Thigh Highs and Knee
Highs to round out the Ease Mi-
crofiber line. Like the previously
released tights, the new stock-
ings are made with high stretch
microfiber yarns that facilitate
donning and doffing. The gar-
ments have reinforced toes and
heels for durability; a smooth
and comfortable toe seam to
reduce irritation; and soft, com-
fortable, nonrestrictive knit-in
waist or top bands to help them
stay in place all day. (Thigh
Highs include a comfortable sil-
icone band at the top.)  The gar-
ments come in two compres-
sion levels: 15-20 mm Hg mild
and 20-30 mm Hg moderate
support.

Therafirm, a Knit-Rite company
800/462-4707
knitrite.com

Coral Cinnamon
Supplement

Coral introduces Coral Cinna-
mon 6—a supplement designed
to harness cinnamon’s ability to
assist the body in regulating glu-
cose, which can help relieve
symptoms associated with dia-
betic peripheral neuropathy.
Vegetarian capsules of Coral
Cinnamon 6 deliver calcium
from above-sea ecosafe coral,
chromium colynicotinate, and a
proprietary blend of cinnamon
extract and powder, gymnema
sylvestre, American ginseng,
nopal cactus, bitter melon, and
fenugreek. A 243-capsule con-
tainer of Coral Cinnamon 6 is
available for $49.95 (MSRP).
The recommended dose is
three capsules, three times daily.

Coral 
800/882-9577
coralcalcium.com



MISSION POSSIBLE:
Flip-Flops for Mike KinneyFlip-Flops for Mike Kinney

Mike Kinney, Footmaxx Territory Manager,
is more than just a great guy - he's a great case 
study in what Footmaxx custom milled orthotic 
flip-flops can do. With every pair, our certified 
pedorthists work with our highly-trained lab 
technicians to design a pair of custom milled 
orthotic flip-flops just for your patient. For Mike, 
Footmaxx custom milled orthotic flip-flops 
are the first and only flip-flops he can wear 
comfortably and safely.

2 Different Sized Feet

Without Custom Milled 
Orthotic Flip-Flops

With Custom Milled 
Orthotic Flip-Flops

Leg Length Inequality

Left: Size 13 / Right: Size 12

1.5 cm Lift

Flip-Flops for Mike Kinney

F | L Footmaxx.com
©2016 Footmaxx



AAOP names new executive director,
invests in O&P research initiatives 
The Washington DC-based
American Academy of Ortho-
tists and Prosthetists (AAOP) an-
nounced in December its ap-
pointment of Chellie Hollis
Blondes as executive director.
Blondes has more than 25
years of management experi-
ence in the nonprofit healthcare
industry and has served as
AAOP’s deputy executive direc-
tor for 15 years and as its in-
terim executive director for the
past eight months.  

She has championed inno-
vative O&P continuing educa-
tion offerings through the acad-
emy’s annual meeting and
through the creation, launch,
and growth of the Paul E.
Leimkuehler Online Learning
Center; she also has legislative
experience, according to an
AAOP release. 

Last November the acad-
emy reported it began investing
some of the $210,000 it plans
to spend on O&P research ini-
tiatives, which the AAOP hopes
will lead to new protocols to en-
hance patient care and to help
practitioners to increase insur-
ance reimbursements. 

AOPA has identified six key
areas for funding priority and
announced the first initiatives. 

These include the econom-
ics of transtibial prostheses, to
study the cost-effectiveness of
prosthetic rehabilitation for
transtibial amputee patients;
outcome measures for post-
stroke patients, to look at ef-
fects of ankle foot orthoses in
this population; and metabolic
costs in transtibial prosthesis
users, to provide justification for
prosthetic-related components
and services and inspire evi-
dence-based care. 

Data back AposTherapy device for hip OA 
Israeli researchers reported in
January that New York, NY-
based AposTherapy’s biome-
chanical shoe-like device, which
modulates center of pressure
during walking, was associated
with improved gait measures
and quality of life (QOL) in a
yearlong longitudinal study of
patients with hip osteoarthritis. 

Participants underwent gait
analysis and reported on QOL
measures in questionnaires. 

They completed the as-
sessments at baseline and after
three, six, and 12 months. QOL
measures improved, gait speed
and cadence increased, and

sagittal plane hip joint kinetics,
kinematics, and spatiotemporal
parameters improved com-
pared with baseline.  

The most substantial im-
provement occurred within
three months of starting treat-
ment, after which improvement
approximately plateaued but
was sustained at 12 months. 

Speed and cadence, as
well as several sagittal plane
gait parameters, were signifi-
cant predictors of QOL im-
provements. 

The Journal of Orthopaedic
Research epublished the study
January 4. 

market mechanics
By Emily Delzell

Pedorthic org calls for scholarship bids 
The Beaver Dam, WI-based Pe-
dorthic Foundation in December
announced that its scholarships
for pedorthic education and
training for students and contin-
uing education for credentialed
pedorthists and retail footwear
professionals are open for appli-
cation. 

Students can apply for tu-
ition support through two gen-
eral precertification scholarship
funds, and pedorthists and retail

employees can apply for assis-
tance though the Heather Moore
Bernard (HMB) Scholarship Fund
for continuing education, includ-
ing conference or seminar fees. 

Applications and detailed
information about scholarship
funds and requirements are on-
line at pedorthicfoundation.org.
Candidates may also call 920/
356-1200 or email info@pedor
thicfoundation.org to request an
application by mail.  

AAOS to launch open access journal
The American Academy of Or-
thopaedic Surgeons (AAOS) re-
ported in December that it is ac-
cepting submissions for its new
online-only journal, JAAOS:
Global Research & Reviews,
which will serve as an open ac-
cess companion title to the Jour-
nal of the American Academy of
Orthopaedic Surgeons (JAAOS). 

JAAOS: Global Research &
Reviews will evaluate and syn-
thesize up-to-date information on
diagnosis and treatment of mus-
culoskeletal conditions in review
articles, research articles and
clinical trials, surgical techniques,
case reports, and commentary. 

William N. Levine, MD, will
head the journal as editor in chief;
Jeffrey S. Fischgrund, MD, is re-
search editor; and the entire
JAAOS editorial board will provide
leadership for the new publica-
tion, which will emphasize content
that originates outside North
America and articles that may be
of high interest to international
readers. The first issue is slated
for publication early this year. 

Wolters Kluwer will publish

the journal. Visit editorialman
ager.com/jaaosglobal for more
information. 

The society also announced
in December that its board has
approved new Appropriate Use
Criteria (AUC) for three types of
surgical management for knee
osteoarthritis (OA): total knee re-
placement (TKR), unicompart-
mental knee replacement, and
realignment osteotomy. 

The AUC includes 864 sce-
narios that consider pain, knee
instability, patient age, knee
alignment and extension, the
number of knee compartments
affected, and varus/valgus. The
criteria lean toward recommend-
ing TKR in older patients, and
unicompartmental surgery and
realignment osteotomy in young -
er patients and those with more
limited OA, according to an
AAOS release. 

The AUC complements and
builds on the 2015 clinical prac-
tice guideline, “Surgical Man -
agement of Osteoarthritis of 
the Knee.” Both are available at 
orthoguidelines.org. 
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DJO Global appoints Shirley president, CEO
San Diego-based DJO Global in
November appointed Brady
Shirley president and CEO, suc-
ceeding Mike Mogul.

Shirley most recently served
as the president of DJO’s surgical

business and was previously
CEO and director of Innovative
Medical Device Solutions and
held several key leadership
positions with Stryker Corpo-
ration.  

Chellie Hollis Blondes. (Photo courtesy
of the AAOP.)



Algeos forecasts strong growth in 2017  
Medical products specialist Al-
geos, headquartered in Liver-
pool, UK, reported on December
28 that the business had
achieved a turnover of £11.2 mil-
lion and profit before tax of
£400,000 during the last 12
months and predicted turnover
will grow to at least £11.8 million
during 2017.

This year’s success was

partly due to the company being
awarded the Gulf Cooperation
Council (GCC) Rehabilitation ten-
der in the Middle East for the
fifth consecutive time, said Jackie
Fisher, Algeos’s CEO. At £1.7
million, it is the largest contract
in the company’s history.

Algeos employs 85 people
and has offices in the Middle
East and Australia.  

BOC board announces 2017 officers
The Owings Mills, MD-based
Board of Certification/Accredita-
tion (BOC) announced in January
that it has elected its 2017 exec-
utive committee and made two
additions to its board.

The recently elected offi-
cers are: Chair L. Bradley Wat-
son, BOCO, BOCP, LPO, presi-
dent of Clarksville Limb + Brace
+ Rehab in Tennessee and
Bowling Green, KY; Vice Chair
Rod Borkowski, CDME, presi-
dent of Health Essentials in
Costa Mesa, CA; Secretary
Wayne R. Rosen, BOCP, BOCO,
FAAOP, owner of W.R. Rosen,
which has multiple locations in
South Florida; Treasurer Shane
Ryley, BOCP, BOCO, area clinic

manager at Hanger Orthopedic
Group in Torrance, CA; and mem-
ber-at-large R. Jeffrey Hedges,
CDME, president of R.J. Hedges
& Associates in New Florence,
PA. 

The two new board mem-
bers are Von M. Homer, MSc,
BOCPD, clinical faculty assistant
professor and codirector of the
Motion Analysis Center at the
Barry University School of Podi-
atric Medicine in Miami Shores,
FL, and John “Sion” Owen, Jr.,
MA, BOCPD, CDME, owner of
Foot Solutions stores in Colum-
bia, SC, and in Nashville, TN.

James L. Hewlett, BOCO, of
Redding, CA, will continue to serve
as immediate past chair.
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Cefalu to lead ADA science, medicine
The American Diabetes Associ-
ation (ADA) in January appointed
William T. Cefalu, MD, its chief
scientific and medical officer
(CSMO) and reported the
renowned physician, educator,
and researcher will begin serving
in this role on February 20. He
replaces Robert E. Ratner, MD,
who retired on December 31 af-
ter serving as CSMO for nearly
five years. 

Cefalu has been associate
editor of the ADA’s journals Dia-
betes and Diabetes Care since
2004 and editor in chief of Dia-
betes Care since 2012, and will
assist in that publication’s transi-
tion to new editorial leadership. 

He joins the ADA from

Louisiana State University’s Pen-
nington Biomedical Research
Center in Baton Rouge, where
he continues to serve as execu-
tive director and the George A.
Bray, Jr. Endowed Super Chair in
Nutrition. 

In the January issue of Dia-
betes Care, the ADA published
a new position statement on di-
abetic neuropathy that includes
a classification of diabetic neu-
ropathies and recommendations
for prevention, diabetic auto-
nomic neuropathies, atypical
neuropathies, and neuropathy
endpoints for research and clin-
ical trials. 

Read the full statement at
care.diabetesjournals.org. 

16th ISPO congress set for Cape Town 
The International Society for
Prosthetics and Orthotics (ISPO)
reported in December that its
16th World Congress is slated
for May 8-11 in Cape Town, South
Africa. “Assistive technology for
all” is the motto for the biennial
event, which this year will include
a symposium on global assistive
technology issues organized
jointly by ISPO and the World
Health Organization.

The ISPO congress pro-
motes interdisciplinary discus-
sions between international pros-
thetists-orthotists, physicians,

therapists, and engineers, who
gather to consider develop-
ments in O&P treatments and
therapies. 

The congress is being held
in collaboration with ISPO South
Africa; major sponsors are Otto
Bock and Össur. 

More than 2000 delegates
and some 100 exhibitors are ex-
pected to attend the 2017 con-
gress, according to a release
from the society. 

Go to ispoint.org/events
/ispo-world-congress-2017 for
more information. 

Wiley, ASBMR journal open for submissions 
Hoboken, NJ-based John Wiley
and Sons and The American 
Society for Bone and Mineral 
Research (ASBMR) in January
opened submissions for its new
open access peer-reviewed pub-
lication, JBMR Plus. 

JBMR Plus joins ASBMR’s
flagship subscription journal, the
Journal of Bone and Mineral Re-
search, to fill a need in the grow-
ing interdisciplinary field involv-
ing endocrinology, orthopedics,
and rheumatology, according to
a Wiley release. 

JBMR Plus will publish orig-
inal research, reviews, detailed
protocols and methods, and spe-
cial articles in basic, translational,
and clinical science relevant to

bone, musculoskeletal metabo-
lism, and regenerative medicine
research.

Peter Ebeling, AO, MD,
MBBS, FRACP, head of the De-
partment of Medicine at Monash
University in Melbourne, is editor
in chief; Bo Abrahamsen, MD,
PhD, and Teresita Bellido, PhD,
will serve as deputy editors. 

All articles in JBMR Pluswill
be published under the Creative
Commons (CC-BY and CC-BY-
NC-ND) licenses on Wiley On-
line Library. 

The journal plans to publish
the first issue this summer. Visit
asbmr.org/jbmrplus for more in-
formation.  

Freedom’s Carkhuff joins COPA board 
Irvine, CA-based Freedom Inno-
vations in November announced
that Maynard Carkhuff, its vice
chair and chief innovation officer,
was elected to the California Or-
thotic & Prosthetic Association’s
(COPA’s) board of directors at
that organization’s annual meet-
ing in San Francisco.

“It’s an honor to represent
Freedom Innovations while step-
ping into a leadership role along-
side my industry colleagues at
COPA,” Carkhuff said. “COPA
does essential work promoting
the art and science of orthotics

and prosthetics to create and
communicate innovative solutions
for positive patient experiences—
which dovetails perfectly with our
own mission at Freedom. I look
forward to the opportunity to con-
tribute, particularly in the areas of
growing membership and strate-
gic planning.” 

Carkhuff joined Freedom in
2005 with more than 25 years
of leadership experience, includ-
ing president and CEO of Össur
North America and president
and CEO of Flex-Foot, according
to a Freedom release. 



market mechanics
Continued from page 61

Growth forecast for global orthotic mkt  
A to Z Research reported in
September that the global foot
orthotic insoles market, valued
at approximately $2.637 million
in 2015, is expected to reach
approximately $3.678 million
by 2021, growing at a CAGR
(compound annual growth rate)
of around 5.6% between 2016
and 2021.

Polypropylene was the mar-
ket’s leading segment, account-
ing for more than 42% of 2015’s
total revenue, while leather held

19% of the market. The medical
orthotic segment accounted for
more than 69% of total revenue
in 2015, and the report noted in-
creasing prevalence of diabetes
coupled with rising awareness of
foot complications as likely
causes. The sports orthotic seg-
ment had a 24% market share
in 2015, with growth attributed
mainly to increasing demand for
orthotic insoles in athletic shoes. 

Read more at atozresearch
.com. 

Dr. Comfort shoe improves foot pressure
Biomechanists from the UK re-
ported in January that an off-the-
shelf medical grade shoe made
by Mequon, WI-based Dr. Com-
fort was associated with in-
creased comfort and reduced
forefoot pressure compared with
participants’ preferred shoes. 

The investigators randomly
assigned 30 participants (18
women) to wear either the test
shoe or their own shoe and
asked them to score perceived
comfort using a visual analog
scale. They measured dorsal dig-
ital and interdigital pressures with
an in-shoe pressure system and
sensors placed on preselected
anatomical landmarks while par-

ticipants walked across a 6-m
walkway. 

Participants scored the test
shoe higher in comfort than their
own footwear. Overall peak pres-
sure, pressure time integral, and
contact time were lower with the
test shoe, while the time taken
to reach peak pressure in-
creased across all anatomical
landmarks. The investigators
noted statistically significant
changes for all measured vari-
ables relating to pressure on the
medial border of the first
metatarsophalangeal joint.

The Journal of Foot and An-
kle Research epublished the re-
sults on January 5.  

Pacers use PhysiMax for injury prevention
Indianapolis, IN-based PhysiMax
Technologies in December an-
nounced the National Basketball
Association’s (NBA) Indiana Pac-
ers will use its real-time visual
analysis technology to assess
player injury risk. 

PhysiMax’s cloud-based
technology incorporates ele-
ments of computer vision and
machine learning-based algo-
rithms to automatically analyze
full-body dynamic movement pa-

rameters and instantly score
jumping and landing patterns,
pelvic and trunk stabilization,
symmetry of motion, dynamic
balance, and other measures. 

The team will also use Physi-
Max to help measure the biome-
chanical impact of high training
loads throughout an NBA season.
Before fully deploying the tech-
nology, the Pacers used PhysiMax
to evaluate players leading up to
the 2016 NBA draft.  

AOPA calls for 2017 world congress papers 
The Washington, DC-based
American Orthotic & Prosthetic
Association (AOPA) in December
called for submissions for its 2017
World Congress, scheduled for
September 6-9 in Las Vegas. 

The organization is accept-
ing abstracts for clinical free pa-

pers, technician and business
education programs, symposia,
and a special student/resident
poster submission category.
Deadlines begin February 1. Get
more information, including a list
of topics of special interest, at
aopanet.org. 

Hanger foundation awards $424K in 2016 
The Austin, TX-based Hanger
Charitable Foundation in De-
cember completed its final
round of 2016 grants, awarding
$225,000 to five nonprofits, the
foundation reported. These
awards bring the foundation’s to-
tal 2016 grants awarded to more
than $424,000, given to 25 or-
ganizations, according to a
Hanger release. 

The most recent grants are:
$100,000 to the Amputee Coali-
tion of America to expand its na-
tional advocacy program to raise
awareness about access issues;
$100,000 to the No Limits Foun-
dation to provide scholarships
for campers and teen mentors
at nine nationwide camps for

children living with limb loss or
limb difference; $10,000 to The
Painted Turtle to offer children
with serious medical conditions
the opportunity to participate in
recreational camp program;
$5000 to Spaulding Adaptive
Sports to fund an adaptive ski-
ing program for children and
adults in the greater Boston
area; and $10,000 to the Amer-
ican Stroke Foundation to help
provide care that addresses
stroke survivors’ cognitive, so-
cial, physical, and emotional
well-being.

The deadline for applicants
for the next round of funding is
February 1. Visit hanger.com for
more information.   
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USOC names Paralympian to board
The Colorado Springs, CO-based
United States Olympic Commit-
tee (USOC) on January 3 an-
nounced its addition of Cheri
Blauwet, MD, as an independent
member of its board of directors. 

She chairs the International
Paralympic Committee Medical
Committee, serves as a member
of the International Olympic Com-
mittee Medical and Scientific Ex-
pert Group, and until September
2016, served as treasurer on the
US Anti-Doping Agency board of
directors.

Blauwet is a three-time track
and field Paralympian who sus-
tained a spinal cord injury in a

farm accident when she was 18
months old. 

Medline wins podiatry GPO contract 
Responding to US Bureau of
Labor statistics that estimate
employment of podiatrists is
expected to grow 14% by
2024, Northfield, IL-based
Medline in November an-
nounced a collaboration with
Indianapolis, IN-based Talar

Capital Partners (TCP), a podiatry-
specific Group Purchasing Or-
ganization (GPO). 

Under the three-year agree-
ment Medline will be TCP’s man-
ufacturer of choice for medical/
surgical products, according to
a Medline release.  

Cheri Blauwet, MD. (Photo courtesy of
the USOC.)






