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out on a limb:
Imperfect symmetry

Psychologists tell us that the

means the injured limb has become stronger; it might just as often

symmetry of a person’s face

mean that the uninjured limb has become weaker—a common pit-

influences whether he or she

fall of rehabilitation programs that focus solely on the injured limb.

is perceived as attractive. But
when it comes to rehabilitation
of anterior cruciate ligament
(ACL) injuries, some types of
symmetry are more desirable
than others.

To address this potential problem, the Delaware researchers
suggest that return-to-sports criteria could be based on comparing
the injured limb post-rehab to the uninjured limb shortly after injury,
instead of comparing the post-rehab limbs to each other. Of the
nine athletes in their study who suffered second ACL injuries, only
three would have been cleared to return to sports based on the

One of the primary criteria

suggested Estimated Preinjury Capacity (EPIC) criteria.

used to clear athletes for
return to sports after ACL
reconstruction is between-limb symmetry for quadriceps strength.
Because quadriceps strength deficits have been reported in ACL-

Quadriceps strength symmetry after ACL
reconstruction doesn't necessarily mean
the injured limb has become stronger.

injured limbs, the reasoning is if quadriceps strength is found to be
similar in both limbs, that indicates strength in the injured limb has
reached a normal level, which in turn should be protective against
the risk of reinjury.
But research from The Ohio State University, presented in February
at the annual Combined Sections Meeting of the American Physical

To be sure, significant between-limb asymmetry is not a good

Therapy Association, found that quadriceps strength symmetry in

thing. Asymmetries can lead to malalignments and compensatory

athletes who had been cleared to return to sport after ACL recon-

movement patterns that can have negative ramifications throughout

struction was not necessarily associated with symmetry between

the kinetic chain. And given that 41 of the 93 athletes in the Ohio

limbs in terms of single-leg landing mechanics. Even in athletes

State study had between-limb quadriceps strength LSIs of less

whose quadriceps strength limb symmetry index (LSI) was greater

than .85—despite having been cleared to return to sports—that’s

than .90, knee flexion excursion LSI and knee extension moment

something practitioners could pay more attention to during ACL

LSI both differed significantly from those of uninjured controls.

injury rehabilitation.

That study did not look at actual reinjury rates, but another study

But just because asymmetry is a risk factor for injury doesn’t

presented in the same session did. Researchers from the University

mean that symmetry will magically make that injury risk go away.

of Delaware found that nine of 90 athletes suffered a second ACL

Between-limb symmetry must be considered in the context of other

injury after returning to sports, and seven of those had demon-

contributing factors, including the status of the uninjured limb. The

strated between-limb symmetry for quadriceps strength and single-

EPIC system may not prove to be the ultimate solution, but it’s a

leg hop testing before being cleared.

step in the right direction. .

One big problem with using between-limb symmetry as a criterion
for return to sports is that we can’t actually assume that symmetry

lermagazine.com
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in the moment: sports medicine
By Emily Delzell and Jordana Bieze Foster

All about the ALL
Knee ligament stabilizes internal rotation
The anterolateral ligament (ALL) of the
knee, a structure not well-documented or
consistently reported before the 2013 publication of a Belgian study, is a key stabilizer
of internal rotation—though only when the
knee is ﬂexed at high angles—and may be
an appropriate target for surgical reconstruction in certain patients, according to
research from the University of Washington
in Seattle epublished in January.
“Our study found that, once the knee has flexed more than thirty five
degrees, the ALL is actually the most important structure that resists
internal rotation,” said Peter Cavanagh, PhD, DSc, coauthor of the
study assessing the ALL’s biomechanical function under internal

Shutterstock.com #72103960

rotation and anterior drawer knee flexion.
“It was always known there were some strong fibers in the anterolateral region of the knee joint capsule,” Cavanagh said. “The
clue was the existence of the Ségond fracture—an avulsion fracture
that sometimes pulled off a small piece of bone from the tibia in a
severe knee injury where the ACL is damaged. Something more substantial than just the joint capsule was attached—and that something
turned out to be the ALL.”
Continued on page 12

Female high school basketball players
beneﬁt from neuromuscular training
A six-week progressive neuromuscular training program is associated with significant improvement
in single-leg balance on unstable
surfaces in female high school basketball players, according to research from Bellarmine University
in Louisville, KY.
Prompted by a girls’ high
school basketball coach who was
concerned about preventing injuries in his players, the researchers
assessed balance, strength, and
self-reported function in all 15 team
members before and after completion of a six-week neuromuscular training program. The eightminute program, incorporated into
the team’s regular warm-up three
days per week during the competitive season, emphasized balance
on unstable surfaces while per-

forming basketball-specific skills.
After completing the program, the athletes demonstrated
significant improvement from
baseline for the Balance Error Scoring System single-leg stance on
foam and for the Foot and Ankle
Ability Measure global score.
“These tasks may have transference to athletic activities, but
more research is needed,” said
Kevin Mooney, a doctoral student
in physical therapy at Bellarmine,
who presented the findings in February at the Combined Sections
Meeting of the American Physical
Therapy Association. –JBF
Source:
Mooney K, Zuber C, Klenke J, et al. A
neuromuscular balance training program for female high school basketball
athletes to prevent ankle sprains. J Orthop Sports Phys Ther 2015;45(1):A55A56.

Baseball players maintain improved
balance 6 months after UCL surgery
Improved balance in baseball players who have had Tommy John
surgery is maintained after their release from physical therapy, according to research from Fort
Worth, TX.
In a 2014 study, the Texas
Health Ben Hogan Sports Medicine investigators found that baseball players who had undergone
ulnar collateral ligament (UCL) reconstruction had significant balance deficits prior to surgery but
had normal balance when they began the throwing stage of their rehabilitation, about three months
after surgery.
The same researchers performed a follow-up study of 28
UCL-reconstructed players and 28
healthy players, presented in February at the Combined Sections
Meeting of the American Physical
Therapy Association, to assess
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lower extremity balance and shoulder range of motion at the time of
the injured players’ release from
physical therapy, about six months
after surgery.
Y Balance Test scores did not
differ significantly between groups
for either the stance or lead leg.
Glenohumeral internal rotation
deficit and total shoulder rotational
motion were also similar for the
two groups. –JBF
Sources:
Garrison C, Hannon J, Conway J. Baseball players with an ulnar collateral ligament reconstruction demonstrate
lower extremity balance and shoulder
range of motion measurements similar
to healthy controls at the time of release from physical therapy. J Orthop
Sports Phys Ther 2015;45(1):A59.
Hannon J, Garrison JC, Conway J.
Lower extremity balance is improved at
the time of return to throwing in baseball players after an ulnar collateral ligament reconstruction when compared
to preoperative measures. Int J Sports
Phys Ther 2014;9(3):356-364.
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in the moment: sports medicine
Continued from page 11

Cavanagh, professor and
vice chair for research in University of Washington’s Department of Orthopedics and Sports
Medicine, and his colleagues
identified the ALL in 11 cadaveric knees using descriptions of
its insertions from the 2013
study.
The researchers used a robotic testing system to apply
134 N of anterior drawer force
at flexion angles between 0˚
and 90˚ and separately applied
5 Nm of internal rotation at the
same angles. They also determined in situ forces on the ALL,
anterior cruciate ligament
(ACL), and lateral collateral ligament (LCL).
In all but one knee, the ALL
attached just anterior to the insertion of the LCL on the
femoral epicondyle, with the tibial attachment located posterior

to the Gerdy tubercle and anterior to the tip of the fibular
head on the ridge of the tibial
plateau, the authors wrote. They
also noted a convergence of
the ALL with the LCL insertion
on the femur proximally and
confluent with the anterolateral
joint capsule and the deeper
lateral meniscus.
During internal rotation the
ALL’s biomechanical contribution increased significantly with
increasing flexion, while the
ACL’s work significantly decreased. The ALL’s contribution
outstripped the ACL’s when
knee flexion angles exceeded
30˚.
During anterior drawer, ALL
forces were significantly lower
than ACL forces at all flexion angles. For both anterior drawer
and internal rotation at all flexion
angles, LCL forces were signifi-

cantly lower than those of the
ACL or ALL.
The American Journal of
Sports Medicine epublished the
study on January 2.
For a number of years, Cavanagh said, surgeons have suggested that structures that are
both internal and external to the
joint capsule should be repaired
after serious knee injuries such
as an ACL rupture.
“Our finding that the ALL is
an important stabilizer of internal
rotation again puts the emphasis
on the need for an extra-articular
repair when the ALL has been
damaged, which is likely to be
caused by excessive internal rotation and knee varus,” he said.
Robert F. LaPrade, MD,
PhD, an orthopedic surgeon at
The Steadman Clinic and chief
medical officer at the Steadman
Philippon Research Institute in

Vail, CO, also agreed that ALL
reconstruction is probably indicated in some patients.
“I believe that for patients
in whom the ALL is found to be
torn and who have significant rotatory instability, an attempt at a
reconstruction based upon
anatomic principles is reasonable, but definitely more study
is necessary,” LaPrade told LER.
Cavanagh noted that, even
after ACL repair, a damaged ALL
could cause rotational knee instability at higher flexion angles
that may be resolved by extraarticular repair of the ruptured
ALL. –ED
Sources:
Claes S, Vereecke E, Maes M, et al.
Anatomy of the anterolateral ligament of
the knee. J Anat 2013;223(4):321-328.
Parsons EM, Gee AO, Spiekerman C,
Cavanagh PR. The biomechanical function of the anterolateral ligament of the
knee. Am J Sports Med 2015 Jan 2.
[Epub ahead of print]
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in the moment: rehabilitation
By Jordana Bieze Foster

Heel pain gains
Studies support multimodal treatment
Multimodal physical therapy is associated
with signiﬁcant symptom relief in patients
with plantar heel pain, but may be most
effective for those with symptoms lasting
fewer than seven months, according to
research presented in February at the
annual Combined Sections Meeting of the
American Physical Therapy Association.
Investigators from Bellarmine University in Louisville, KY, assessed
self-reported pain and function in 19 patients with chronic heel pain
who completed one of two four-week therapy protocols. Ten patients
did stretching only, while nine patients did the same stretching protocol plus strengthening exercises and roller massage.
After four weeks, only patients in the multimodal group demonstrated significant improvement from baseline, specifically for the
Foot and Ankle Ability Measure (FAAM) sports and activities of daily

Reason for beneﬁts of balance training
eludes ankle instability investigators
Eight pathological factors do
not explain the self-reported improvements in perceived disability associated with balance
training for functional ankle instability (FAI), according to research from the University of
Kansas Medical Center in
Kansas City.
The investigators assessed
eight pathological factors (joint
position sense at 15° and 30°
of ankle inversion, isometric
and isokinetic peroneal muscle
strength, and inversion/eversion stiffness and neutral zone)
in 24 individuals with unilateral
FAI, 12 of whom were randomized to four weeks of balance
training. The training was associated with significant improvement on the Cumberland Ankle

Instability Tool (CAIT) questionnaire, but the eight pathological
variables combined explained
only 27% of the variance in
CAIT score improvement.
“There was a limited role for
the factors we tested, so we will
need to look at additional outcome measures,” said Tarang
Jain, PT, PhD, DPT, a former University of Kansas graduate student who is now an assistant
professor of physical therapy
and athletic training at Northern
Arizona University in Flagstaff.
Jain presented the findings
in February at the APTA Combined Sections Meeting.
Source:
Jain TK, Wauneka CN, Liu W. Contributing factors to balance training in people
with functional ankle instability. J Orthop Sports Phys Ther 2015;45(1):A22.

Istockphoto.com #47636266

living subscales, a visual analog scale weekly pain rating, and an average score for daily first-steps pain.
The differences between groups might have been even greater
with a few more weeks of therapy, said Corey Malone, PT, DPT, a former Bellarmine doctoral student who is now a physical therapist at
the Rubin Institute for Advanced Orthopedics in Baltimore, MD, and
who presented the findings at the Combined Sections Meeting.
“Typically it takes six to eight weeks to see physiological changes
Continued on page 14

Progressive strengthening improves
function after total knee arthroplasty
Patients who do progressive
strengthening exercises after total knee arthroplasty (TKA) are
significantly more likely than
those who do conventional rehabilitation to have normalrange functional outcomes at
one year, according to research
from the University of Delaware.
Investigators performed
functional assessments in 205
TKA patients at three to four
weeks and one year postsurgery;
165 patients did six weeks of
progressive strengthening while
40 patients received standardof-care rehabilitation. Functional
assessment included the timed
up and go (TUG), stair climbing,
and six-minute walk tests; quadriceps strength was also assessed.
Normal outcome range was

lermagazine.com

defined by the 95% confidence
interval for each test in a group
of 63 healthy controls.
At one year, the percentage
of patients within normal range
was significantly higher for the
progressive strengthening group
than the standard of care group
for quadriceps strength, the TUG
test, and the stair climbing test,
according to Frederico Pozzi, PT,
a graduate student in the Biomechanics and Movement Science Program at the university,
who presented the findings in
February at the APTA Combined
Sections Meeting.
Source:
Pozzi F, Snyder-Mackler L, Zeni J. Effectiveness of a progressive strengthening
rehabilitation protocol in restoring function 1 year following total knee arthroplasty. J Orthop Sports Phys Ther 2015;
45(1):A34.
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in the moment: rehabilitation
Continued from page 13

with exercise,” Malone said. “So
with a longer protocol, the
strengthening component would
have had more of a chance to
shine.”
Malone also noted that the
duration of symptoms in the
overall study population ranged
from two months to three years,
and that this variability could
have affected the results.
“Patients with a longer duration of symptoms might not
have had as much improvement,” he said.
This assessment was consistent with the findings of a second study presented at the
Combined Sections Meeting, in
which patients with a shorter duration of heel pain symptoms
were most likely to respond to
multimodal physical therapy.
In that study, researchers
from Des Moines University in

14
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Iowa analyzed data from an earlier clinical trial to identify significant predictors of a positive response to physical therapy for
heel pain. The earlier trial, which
was published in the August
2009 issue of the Journal of Orthopaedic and Sports Physical
Therapy, randomized 60 patients to one of two four-week
therapy protocols: electrophysical agents plus exercise, or manual therapy plus exercise. In the
secondary analysis, the two
groups were combined.
Treatment success was defined by achieving a minimal clinically important change in the
FAAM and numeric pain rating
scale, with a second, more stringent definition that included the
global rating of change scale.
Patients with symptoms for
less than 7.2 months were 4.2
times (based on the more strin-

gent definition) or 8.5 times
(based on the less stringent definition) more likely to respond
than those with a longer history
of symptoms.
The study, which was epublished in November 2014 by
Foot & Ankle International, also
found that age and body mass
index did not predict treatment
response. The latter result is
particularly encouraging, said
Shane McClinton, DPT, an assistant professor of physical therapy at Des Moines University
who presented the findings at
the Combined Sections Meeting.
“On average we do see individuals with this condition who
are overweight, but these findings suggest that these patients
do respond to treatment,” McClinton said.
McClinton also noted that
the age of the oldest patient in
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the study was 63 years, so the
finding that age did not predict
treatment response may not apply to populations with larger
numbers of older patients.
Sources:
Malone CT, Chorley S, Brosky JA, Topp
R. Comparison of a stretching protocol
with the first step to foot relief protocol
on selected clinical outcome measures
in patients with heel pain. J Orthop
Sports Phys Ther 2015;45(1):A24-A25.
McClinton S, Cleland J, Flynn T. Investigation of age, body mass index, and
symptom duration as predictors of response to physical therapy intervention
for plantar heel pain: A retrospective
cohort analysis. J Orthop Sports Phys
Ther 2015;45(1):A23.
Cleland JA, Abbott JH, Kidd MO, et al.
Manual physical therapy and exercise
versus electrophysical agents and exercise in the management of plantar heel
pain: a multicenter randomized clinical
trial. J Orthop Sports Phys Ther 2009;
39(8):573-585.
McClinton SM, Cleland JA, Flynn TW.
Predictors of response to physical therapy intervention for plantar heel pain.
Foot Ankle Int 2014 Nov 3. [Epub
ahead of print]
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Assessing Injury Risks

As increasing
numbers of fitness
enthusiasts embrace
high-intensity
training, reports of
injuries have sparked
a debate among
clinicians about the
benefits and risks
associated with
these programs.

By Cary Groner

High-intensity training (HIT) programs are attracting increasing numbers of participants who want to improve their conditioning for
other activities including sports and the military, but they’ve
also become a kind of sport themselves. Such programs
often include a mix of aerobic, core strengthening, weight
training, gymnastic, and endurance elements, typically
performed at high intensity with little recovery time
between exercises. The growing list of HIT programs
includes CrossFit, Insanity, TRX, and Tough Mudder
and, although their approaches differ in the
specifics, the general philosophy is to push people—alone or in groups, and sometimes competitively—through their perceived limitations in
order to reach new levels of fitness.
Some HIT participants are reporting that
they’ve pushed too far too fast and become
injured, however. This has sparked a debate
among clinicians about the benefits and risks
associated with the programs.
“On the one hand, I see health and physical benefits,” said Yasmin Dhar, MD, an
orthopedic surgeon in Harrison, NY, who is
also chief of sports medicine at Montefiore
New Rochelle Hospital. “On the other hand,
there’s a definite amount of overuse, as well as
significant training and supervision variability.”
Dhar knows a little more about such programs than your average orthopedist because
she’s a fitness enthusiast herself and has participated in CrossFit.
Assessing risk is difficult because HIT is a relatively new field, having emerged in the last 15 years,
and research is scarce. Moreover, studies typically have
relied on retrospective reporting by patients, which is
notoriously unreliable.
Shutterstock.com #209568979
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“If someone is involved in a certain program and has had good results from it, they
may be biased to downplay injuries,” Dhar
said. “Conversely, if someone didn’t have
good camaraderie with their group or
didn’t feel it worked as well for them, they
may play up injuries.”
David Geier, MD, an orthopedic
surgeon and sports medicine specialist
in Charleston, SC, agreed about the
methodological challenges, but with a
caveat.
“Surveys are unreliable because the
people who fill them out may largely be
the ones who got hurt, whereas the ones
who never had a problem may not bother
to respond,” Geier said. “Even so, surveys
may help develop a sense of what injuries
people are suffering so you can take steps to
minimize them.”

The research
Prospective research does suggest that such programs can help users improve their fitness. In one
2013 study, 43 CrossFit participants (23 men) completed 10 weeks of supervised training, after which their
maximal aerobic capacity (VO2max) increased while body
fat percentage declined.1 The authors concluded the program
significantly improved aerobic capacity and body composition in
both sexes and at all fitness levels.
A recent retrospective study by UK researchers sought reports from CrossFit participants and found that 73.5% sustained
an injury during training, 7% of which required surgical intervention.2 The authors noted these injury rates were similar to
those reported for sports such as Olympic weightlifting and
gymnastics, and were lower than those in competitive contact
sports such as rugby.
One larger—though also retrospective—study tracked 386
CrossFit participants and found an overall injury rate of 19.4%,
significantly lower than that reported by the UK study above.
Men were injured more often than women, but there was no difference in risk associated with age, length of participation, or
training days per week. The most common injuries were shoulder, lower back, and knee, and most were relatively mild.3 Such
rates are at the low end of other athletic endeavors; for example, 20% to 80% of runners are injured annually.4
The military is interested in HIT approaches for improving
the fitness of soldiers but has been concerned about injuries. In
2011, the Consortium for Health and Military Performance and
the American College of Sports Medicine (ACSM) published a
consensus paper on HIT programs and military personnel.5 They
noted that “there is an apparent disproportionate musculoskeletal injury risk from these demanding programs, particularly for
novice participants,” and concluded that “certain distinctive
characteristics of [the programs] appear to violate recognized
accepted standards for safely and appropriately developing
muscular fitness.”
That sounds definitive but didn’t really settle anything. In a
2013 paper, for example, other researchers described a military
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regimen called
the Advanced Tactical Athlete Conditioning (ATAC) program,
which consisted of high-intensity aquatic exercises, agility circuits, core conditioning, and interval speed training; some battalions also incorporated components of CrossFit.6 And although
participants experienced an increase of 12% in overall injuries
and 16% in overuse injuries after six months, soldiers who didn’t
participate saw rises of 14% and 10%, respectively, in the same
injury categories. This left the researchers unable to recommend for or against the HIT approach.

Clinical perspectives
Speak with clinicians, however, and a few themes appear that
may help guide the discussion. One is that HIT regimens vary
not only between programs, but within them.
“Every kind of extreme conditioning program is different,
and every single CrossFit gym is different,” said Rami Hashish,
PhD, DPT, a physical therapist at UrbanMed in Los Angeles.
Practitioners are concerned about the effect of rapid repetitions of exercises, without rest, on proprioception and kinematics, Hashish said.
“Research shows that in people doing continuous barbell
squatting exercises, there is a major change in kinematics with
fatigue,” he said.
The paper he referred to was published last year, was
conducted in 12 men and 13 women with at least six months of
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experience with resistance training, and involved measuring
knee and hip angles throughout 55 repetitions of a barbell back
squat.7 The authors concluded that “the technique changes that
occur in high repetition sets do not favor optimal strength development and may increase the risk of injury.”
Hashish noted that runners are often unaware of their foot
strike pattern,8 and that the same deficiencies in proprioception
likely occur in HIT regimens as well.
“People doing a squat may get down to ninety degrees, but
by the twelfth rep they’re getting fatigued and are trying to do
it by any means necessary,” he said. “Their knees may fall in
slightly, their feet may not be as externally rotated, they’re loading differently with a compensatory mechanism, their proprioception decreases, and their kinematics change.”
Hashish noted that osteoarthritis is one long-term risk of
repetitive or high-impact loading, particularly if the knees tend
toward valgus, but that HIT may put athletes at risk for different
kinds of injuries.
“From a biomechanical perspective, something like a squat
loads the glutes and the quads more than running, which tends
to overload the hamstrings,” he said. “Running has a higher impact rate, but a squat has a higher total load. That load is more
associated with energy absorption by the musculotendinous unit
around the knee—the quadriceps or patellar tendons, or the
quad muscle itself. I think there will be different types of injuries
at the same joint—more like lateral meniscal pain, or to a lesser
extent, medial meniscal pain or injuries.”
According to Barry Bowden, MD, an orthopedic surgeon
with a subspecialty in sports medicine who practices at the
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Orthopedic Center in Rockville, MD, most of the HIT-associated
problems he sees are overuse injuries.
“In the lower extremities we see things like patellofemoral
pain and patellar tendinitis as well as Achilles tendinitis,” he said.
“These are the kinds of problems you’d see with running and
other sports, though I do see more shoulder injuries in HIT participants.”
Yasmin Dhar said that repetition without rest can lead to
a deterioration in technique, which increases injury risk.
“One problem is that they do these exercises to [the point
of] fatigue, and once people fatigue they lose their form and
technique,” Dhar said. “They have to know when their body is
telling them it’s too much; there’s a difference between the
soreness you get from working your muscles and the pain that
comes from harming your body. My feeling is that more experienced people will have fewer injuries because they find that balance and know what to do.”
According to Robert Gillanders, DPT, OCS, clinic director for
Sports and Spinal Physical Therapy in Washington, DC, patients
who are injured doing HIT tend to have underlying patterns of
instability in their workout movements.
“Most of the time, they’re moving with such speed and intent that they’re not cognizant of those instabilities,” Gillanders
said. “It’s valid to have concern about form when a person is fatigued; you can easily connect the dots in the kinetic chain toward these abnormal movements causing problems.”
Gillanders worries that if athletes proceed for months with
poor techniques, small repetitive stresses will add up to bigger
problems.
“It makes me wonder if these gyms are using adequate
screening tools,” he said. “Are the instructors trained well
enough to catch subtle instabilities? I’m all for people exercising,
but you have to go slow and ramp up over months rather than
weeks.”
Gillanders noted, tellingly, that instructors from one of the
large HIT organizations have been among his injured patients.

Trainers
When instructors are getting hurt, of course, it tends to raise
red flags. Other clinicians expressed concern about the quality
of instruction at HIT facilities, even while acknowledging that
some instruction is better than no instruction. And indeed, some
research has concluded that the presence of trainers at a CrossFit facility decreased the likelihood of injury.3
“It’s always a good idea to work with somebody to learn
proper form, especially if you haven’t done these types of movements,” said David Geier. “If you do them incorrectly, you’re
going to put stress where it shouldn’t go, and then you’re more
likely to get hurt.”
According to Gillanders, good trainers ought to spot dynamic valgus occurring at the knees, for example, and intervene.
“Trainers should be cueing them about that,” he said.
“They’re pushing them to do more, or more quickly, when clearly
they’re topping out and their form is breaking down.”
Yuri Feito, PhD, MPH, an assistant professor of exercise
science at Kennesaw State University in Kennesaw, GA, told
LER that trainers at some HIT facilities may not be well trained
themselves.
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“It comes down to who is educating participants about
these programs,” Feito said. “It’s easy to get a CrossFit certification and open your own gym, but that’s no different from the
industry standard for personal trainers. The important part is
that the instructors know what they’re talking about.”
Feito and his colleagues presented a paper at the 2014
meeting of the ACSM reporting that, of 737 CrossFit participants
who responded to a survey, 373 (51%) reported some kind of
injury in the previous year. However, most of those (84%) were
considered minor, and almost all affected the upper body. The
researchers did not correlate injury rates with working with a
trainer. They did note, however, that there were three reported
cases of rhabdomyolysis, a potentially fatal form of kidney failure
that results from exercise so intense that it causes destruction
of skeletal muscle.9 Greg Glassman, who developed the CrossFit
workout, has been candid about the risk of rhabdomyolysis—
there have been several documented cases—and has designed
beginning classes to help avoid it that are offered by most
gyms.10 Clinicians seem to consider the risk low as long as facilities provide reasonably competent supervision.
Jim Thornton, MA, ATC, is concerned about competency,
however. Thornton, president of the National Athletic Trainers Association (NATA), said that CrossFit coaches may study for a few
days or weeks; by comparison, NATA-certified athletic trainers
have a minimum of a four-year degree. (According to the CrossFit
website, several levels of certification are available, from entrylevel certificates to more advanced credentials such as certified
CrossFit trainer or coach. A visit to the TRX website reveals an
array of training videos described as eight-hour courses.)

Istockphoto.com #32898758
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“An athletic trainer can reduce injury because first of all we
assess whether participants are prepared to do that type of
work,” Thornton said. “Second, if we start to see a breakdown
in the kinetic chain, we can identify that and adjust the individual’s workout. A person who’s just been through a course is not
going to have the knowledge of the kinetic chain and physiology,
in general, compared to a certified athletic trainer.”

Group dynamics
Because some HIT programs emphasize a group dynamic of encouragement and competition, experts agree that another important job for coaches is management of the degree to which
group members push each other.
“They create a community that helps people adhere to the
program, and in some ways that works,” said Yasmin Dhar. “For
example, a lot of women may not feel as comfortable going to
the weight room at their gym as they are in a class with other
people, where they have a sense that they belong. The risk, I
feel, has to do with fatigue and with the trainer. You’re trying to
push people, and as a sports physician I understand that mentality. But, in that group dynamic, some people feel they need
to push because everybody else is doing it, and they may push
too far. I think there has to be increased focus on maintaining
proper technique throughout the workout, and not as much concern for the competitive side of it. As a physician, I always tell
people that pain is your body’s way of telling you something’s
not right. You should push, but you should also rest when you
need to, because not everybody is going to be able to do all
those exercises to the same extent.”

David Geier agreed.
“In a lot of the group programs, there is team motivation to
push, and I think people get hurt trying to do too much too
soon,” he said. “I’d caution them to listen to their bodies, not
push through pain, vary their activities, and take rest days when
they need them.”
Barry Bowden added that customization of workout regimens is important for avoiding injury.
“When you exercise as a group, and people are starting at
different levels, they can’t all do the same things,” he said. “You
really need to individualize the workout; overuse injuries occur
when you try to increase your activity level too quickly. It’s critical
to have someone with a good physical education background assess these individuals and see what they should be starting with.”

Interventions
Most of the clinicians LER spoke with said that, once an athlete
is injured, treatment protocols are similar to those in any sport,
particularly the emphasis on evaluating the source of the problem so it doesn’t repeat itself.
“More often than not, I’m having them just do some foundational things—put them in front of a mirror and break down
the movements, so they can see when there’s femoral internal
rotation or adduction,” said Robert Gillanders. “The people I’ve
worked with, as overzealous as their training can be, are usually
really good about focusing on form once they’re banged up.”
Barry Bowden said that clinicians need to pay attention to
patient age, as well.
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“You have to do age-appropriate exercise,” he said. “As
you move into your forties and fifties, you want to transition
from high-impact exercises to more low-impact ones—elliptical
training, biking, swimming, light weight training—to lower your
injury risk.”
For Hashish, initial rehab is similar regardless of whether the
injury resulted from HIT or another sport.
“Once you’re past that acute phase, however, the primary
emphasis has to be neuromuscular reeducation to ensure the
optimal movement pattern,” Hashish said.

Treatment protocols for HIT injuries are
similar to those in any sport, particularly
the emphasis on evaluating the source of
the problem so it doesn’t repeat itself.

Footwear
Although a few shoe manufacturers are responding to the popularity of HIT, the field is new enough that designs are still evolving. The weightlifting aspect of the sport has affected trends,
but it’s difficult to find a shoe that does everything well in such
a varied regimen, and personal preferences also tend to vary.
“Weightlifting shoes are probably better than running shoes
for the lifting parts of the workout, because there’s less trunk
lean and greater reliance on the legs instead of loading the
back,” said Rami Hashish. “I also like them because they prevent
foot pronation, which helps keep the knees from falling inward
and overloading the menisci.”
Robert Gillanders said that minimalist footwear may find a
place in HIT training because it allows lightness and flexibility in
more active parts of the workout while providing a platform similar to lifting shoes for hefting weights.
“Plyometric work—squat and scissor jumps, those kinds of
things—are going to be fundamentally different in a lighter shoe
that isn’t built up,” he said. “The person is also going to be lower
to the ground, which provides a more stable base; you don’t
want to be teetering on something when you’re lifting weights.”

Evolution
Any athletic endeavor entails some possibility of injury, of
course, and the particular risks associated with new forms of exercise tend to become clearer over time. The extent to which
HIT programs gain popularity or fade from view in the next few
years will likely have much to do with how well the programs
train their staff and prepare their participants—not just to get
healthy, but to stay that way.
Cary Groner is a freelance writer based in the San Francisco Bay Area.
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Peripheral neuropathy
in Lyme disease patients
Reported cases of Lyme disease have been
rising steadily over the past 30 years, but
its diagnosis can be challenging. Left
untreated, patients with Lyme disease can
go on to develop neurological symptoms,
including those that are characteristic of
peripheral neuropathy.
By Greg Gargiulo

Shutterstock.com #196724855

Some of the symptoms of Lyme-related
peripheral neuropathy overlap with those of
diabetic peripheral neuropathy, but other
symptoms are unique to Lyme patients.

Francis Bean, DPM, has been experiencing neurological symptoms
in his lower extremities for more than six months. When they arise,
he feels a tingling in his hallux, his heels go numb, and he develops
a hypersensitivity to temperature and touch that leads to a painful
burning sensation. On paper, these sound like common symptoms
of diabetic peripheral neuropathy—a condition with which Bean, as
a podiatrist, is quite familiar.
But Bean doesn’t have diabetes. His peripheral neuropathy developed as a result of Lyme disease, and in the US, he’s one of a
growing number of people with similar complications.
Lyme borreliosis, or Lyme disease, is a multisystem infectious
disease caused in the US by the spirochete Borrelia burgdorferi
(Bb), which is transmitted almost exclusively through tick bites.1,2
Though cases are concentrated primarily in limited geographic
areas where the tick is endemic, Lyme disease is the most commonly reported vector-borne infection in the country, and reported
cases of its occurrence have been rising steadily over the past 30
years.3,4
Early diagnosis and treatment are extremely important to stop
the progression of Lyme disease, and most patients treated appropriately in the acute phase recover without any residual effects;
however, if left untreated, Lyme can go on to cause neurological
symptoms, including those that are characteristic of peripheral neuropathy.5-7
Delayed diagnosis occurs because many adults don’t recall being
bitten by a tick, don’t develop a rash (erythema migrans, often in a
bulls-eye pattern) from the bite, or do develop a rash but don’t notice
it.8 About 10% to 15% of untreated patients will develop Lyme neuroborreliosis, in which Lyme leads to neurological involvement.4
Lyme neuroborreliosis can manifest as a number of complications—including meningitis, radiculopathy, and encephalitis, as
well as peripheral neuropathy—and symptoms may appear weeks
or months after the tick bite.7,9,10 Unfortunately, managing Lyme
neuroborreliosis presents a clinical challenge far greater than
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treating acute Lyme. Confirming a diagnosis can be difficult, and
often neurological symptoms don’t resolve immediately after treatment with typical antibiotic therapy.11,12
“Early treatment can prevent most neurological complications
in the majority of cases, and most patients can be treated early if
they have the rash,” said Arthur Weinstein, MD, director of rheumatology and associate chair of the Department of Medicine at MedStar Washington Hospital Center in Hyattsville, MD, who has clinical
research experience with Lyme. “But if patients don’t have the rash
or they don’t receive early treatment, effective management can become quite problematic.”

Lyme basics
In the US, the Bb spirochete is predominantly transmitted by the
bite of hard-shelled Ixodes scapularis ticks.3,11 Infection requires the
tick to be attached for at least 24 to 48 hours, during which time
ingested blood triggers spirochete proliferation within the tick, followed by injection into the human host.11
The progression of Lyme disease is generally broken down into
three stages. Stage 1 occurs three to 30 days after the bite and is
characterized by fever, malaise, muscle or joint pain, and flu-like
symptoms. The presence of erythema migrans may also appear and
is useful for identifying Lyme, but statistics for rash appearance vary
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widely, and its incidence has been reported to be as low as 40% of
affected adults.13,14
Stage 2, the neuroborreliosis stage, arises about one to six
months after stage 1 and usually includes arthritis with associated
muscle pain and swollen lymph nodes. It’s also during stage 2 that
neurological symptoms like peripheral neuropathy may begin to develop in untreated Lyme patients. If it continues to progress, stage
3 Lyme disease can occur many months or even years after exposure. It indicates chronic neurological involvement and often includes chronic arthritis in large joints, especially the knee.5,15
The prevalence of Lyme varies greatly based on geographic location and season. More than 93% of cases are reported in highly
endemic areas, which are mainly the mid-Atlantic and northeastern
states from Maryland to Maine, as well as Michigan, Minnesota, and
Wisconsin.3,11 Lyme disease also occurs in a bimodal age distribution, with peaks between ages 0 to 10 years and 40 to 70 years.
Seasonal peaks are seen during summer months, when ticks are
most prevalent and people and their pets are most likely to engage
in outdoor activity.3,16
Approximately 30,000 cases of Lyme disease are reported to
the Centers for Disease Control and Prevention (CDC) every year,
though the actual number of diagnosed cases is much higher.17 This
results in a mean annual national incidence of 9.7 cases per
100,000, but in highly endemic Connecticut, that figure is 74 per
100,000.2,4 Whether through increased awareness, incidence, or
reporting, the annual number of reported cases of Lyme has more
than doubled since 1991.3,4
“It’s possible that with the publicity surrounding Lyme, and
physicians and patients being more aware of it, it may just be getting
diagnosed more frequently because it’s being looked for more,”
said David Simpson, MD, professor of neurology and director of the
Clinical Neurophysiology Laboratories at the Icahn School of Medicine at Mt. Sinai in New York, NY .
When patients fail to receive appropriate treatment for Lyme,
Bb may persist by evading the immune system and spreading infection further.18,19 This can occur in any part of the body, but Bb
has a general tendency to affect the joints and the nervous system.20
“Lyme disease itself is a neuropathic disease as far as I’m concerned, because the bacterium penetrates into the nervous system
and that’s how it moves through the body. The difficulty is that it
tends to mutate between at least three identified forms, possibly
four,” said Francis Bean, the Lyme patient described earlier, who has
a podiatry practice at the Foot & Ankle Center of Mooresville in
Indiana.
Once Lyme neuroborreliosis develops, it can affect the central
and peripheral nervous systems in a number of ways that span the
entire anatomic spectrum of possibilities.11 But, according to Weinstein, the three major neurologic features of Lyme are meningitis,
radiculopathy, and cranial neuropathy, which most often mimics
Bell’s palsy.
While those are generally regarded as the most common manifestations of Lyme neuroborreliosis, other neurological complications may also arise, including encephalopathy, polyneuropathy,
myelopathy, and motor neuron disease.10,11 Though firm figures are
hard to come by, peripheral nerve involvement has been estimated
to occur in approximately 25% of untreated patients.21,22 Richard
Rhee, MD, a neurologist at Jersey Shore Neurology Associates in
Neptune, NJ, who specializes in neurological Lyme disease, esti-
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mates that about 30% of patients who develop neurological complications will have peripheral neuropathic symptoms.
Only a small fraction of cases of peripheral neuropathy are related to Lyme disease. Of the more than 20 million Americans with
peripheral neuropathy, about 30% of cases are due to diabetes, another 30% are idiopathic, and the remaining 40% are unevenly divided among other disorders and conditions, including Lyme.23
“On a histogram of peripheral neuropathy causes, you’d have
diabetes as the major one, alcoholism as a small one in second
place, and maybe twenty to thirty extremely uncommon other possible causes,” said David Armstrong, MD, PhD, director of the Southern Arizona Limb Salvage Alliance and professor of surgery at
University of Arizona in Tucson, who has experience treating Lyme
patients. “Lyme would be in one of those categories, and there’s so
little literature on its prevalence because it’s so unusual.”
Symptoms of peripheral neuropathy from Lyme tend to be primarily sensory, occurring in a stocking-glove pattern, but patchy
paresthesia may also occur. Though some of its characteristic symptoms overlap with those of diabetic peripheral neuropathy, others
are unique to Lyme patients.11
“When it’s advanced, whether the peripheral neuropathy is from
diabetes or Lyme, the symptoms are the same: numbness, tingling
sensation, and loss of strength of muscle and control of the foot,”
Rhee said.
But, in Weinstein’s experience, Lyme-related peripheral neuropathy can have a somewhat different presentation.
“It’s not chronic stocking-glove diabetic peripheral neuropathy,
and it’s not associated with leg ulceration, which is mainly due to
vascular problems,” he said. ”You can also get a mononeuritis multiplex, which is much more rare and affects individual motor or sensory nerves.”
Bean noted that a number of his symptoms are not typical of
diabetic peripheral neuropathy. For example, he sometimes experiences hypersensitivity rather than a loss of sensation, and at other
times his heels will feel numb while sensation in the forefoot is preserved—neither of which is typically seen in a patient with diabetes.

When symptoms indicate that Lyme may be present, the CDC recommends a two-tiered systematic approach that measures changes
in IgM (immunoglobulin M) and IgG (immunoglobulin G) antibodies
along with evidence of possible exposure to confirm diagnosis. But,
because Lyme neuroborreliosis frequently has clinical overlap with
other illnesses, there are many obstacles to securing a diagnosis
with laboratory confirmation.12,24
First-tier screening is an enzyme-linked immunoassay (ELISA),
which should be performed in all suspected patients three to four
weeks after initial exposure; however, serological test results may
be falsely negative and misleading during the early phase of exposure due to a lag between infection and serum antibody changes.4,25
Therefore, borderline and reactive first-tier test results should
prompt second-tier confirmatory Lyme IgM and IgG Western Blot
tests.4
This two-tier testing system is generally accepted as reliable
when interpreted properly, but some believe the process is in need
of an update.2,11
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“Most of the standard assays that the CDC uses are grossly outdated and they don’t find any active antibodies for the bacteria that
are hidden in the body,” Bean said. “The Western Blot is more accurate, but even that will often show a lot of false negatives because
it’s not sensitive enough.”
When Lyme disease is confirmed, a spinal tap or brain magnetic resonance imaging (MRI) should be considered when there is
suspected central nervous system involvement.4 To make a diagnosis of Lyme-related peripheral neuropathy, objective evidence of peripheral nerve damage, either obtained clinically or through
electromyography (EMG), is needed.26
“You have to confirm the neuropathy with EMG and nerve conduction studies first to document the diagnosis and eliminate other
causes of neuropathy,” Rhee said.

Treatment
According to John Halperin, MD, a neurologist at Overlook Medical
Center in Summit, NJ, who has authored numerous papers on Lyme
and the nervous system, “Standard care is oral antibiotics and if that
fails you go to IV antibiotics. The three most common are doxycycline, amoxicillin, and cefuroxime axetil.”
For Lyme neuroborreliosis without brain or spinal cord involvement, including peripheral neuropathy, there is evidence and consensus that oral doxycycline (100-200 mg twice a day) or
amoxicillin (500 mg three times a day) for three to four weeks are
both safe and highly effective.4,11,25 Parenteral IV antibiotic therapy,
if needed, can be done with ceftriaxone, cefotaxime, or high-dose
penicillin.4,10,11
Although nonpharmaceutical treatments for Lyme-related peripheral neuropathy have not been studied in the medical literature,
anecdotally a number of therapies have been found to be helpful
for symptom management.
“Physical therapy is important, especially soaking and massaging, and I also recommend vitamin B6 and B12 supplements, which
provide nutrition to damaged nerves,” Rhee said.
Ilkcan Cokgor, MD, a neurologist at the Neurology Clinic of
Marin in San Anselmo, CA, who has treated patients with Lymerelated neurological complications, takes it a step further.
“I recommend hyperbaric oxygen therapy if it’s financially feasible, as well as biofeedback, neurofeedback, acupuncture, physical
or occupational therapy, and osteopathic cranial sacral massage,
depending on their complications,” Cokgor said.
Damaged nerves take time to recover, and patients may continue to remain symptomatic for weeks to a few months after antibiotic treatment.11
“You can have prolonged symptoms even if the bug is eradicated,” Weinstein said. “The nervous system, like some other systems, heals slowly. Or there may permanent damage. I’ve seen
patients with permanent facial weakness from Lyme, where they didn’t
heal, others with prolonged but eventually subsiding pain in the extremities, because healing can take many months. This can occur
from inadequate therapy, or in cases where patients don’t seek
treatment early enough and there’s already been a lot of damage.”
The clinical presence of a chronic form of Lyme disease—what’s
referred to as chronic Lyme—that persists after a confirmed diagnosis and appropriate antibiotic management remains a topic surrounded by ongoing controversies that are beyond the scope of this
article.27-30

According to Weinstein, though, one important distinction must
be made.
“There are two different terms that must not be confused: one
is chronic Lyme, which is very slow healing of damaged nerves and
nerve roots that can lead to prolonged symptoms for months or
years,” he said. ”The other is post-Lyme syndrome, which is when
patients have prolonged symptoms years after Lyme—aches, pains,
fatigue, forgetfulness, and other neuropathic symptoms—and there’s
no evidence that it’s due to chronic infection, and it’s not known
why they still have these symptoms. Treating post-Lyme syndrome
is very difficult because we don’t know the cause, and I think it takes
a sophisticated doctor to sort it out and give proper treatment.”
Additional difficulties in treating Lyme complications can relate
to the experience, geographic location, and clinical philosophy of
the practicing physician.
“Patients can get into trouble because they may get a different
diagnosis and a different treatment based on the physician they see,
which is not a good situation,” Simpson said.
Because Lyme disease is prevalent on the East Coast, awareness of the risks is higher and treatment is more accessible there
than in other areas of the country, Bean noted.

Going forward
Lyme disease has been the subject of extensive study over the past
30 years and a great deal is now understood about its diagnosis
and treatment; however, some controversies and misconceptions
still remain.4,30 The fact that some patients with Lyme are not properly diagnosed and others continue to experience neurological
symptoms after antibiotic treatment has added to this and caused
confusion among both physicians and patients.2,11,30
Although additional research and discussion may help improve
testing methods and settle ongoing debate, experts say what’s more
important now is increasing awareness and education about early
diagnosis and treatment of Lyme disease—especially in geographic
areas where it’s less common—and helping patients cope with longterm complications like peripheral neuropathy.2,29,30
“The problem is when it starts to spread to new areas where
the doctors and the population don’t know much about it,” Weinstein said. “That’s where you can get patients who are left untreated
and go on to get more serious issues. In endemic areas, where
Lyme is common, patients should know that Lyme can cause these
complications.”
Symptoms of peripheral neuropathy in patients who do not
have diabetes or other obvious underlying conditions should
prompt practitioners to consider Lyme disease as a differential diagnosis, Rhee said.
“Physicians should always ask if there’s been a tick bite, and
you should always consider that as a possibility if their symptoms
suggest it,” Rhee said. “You have to think about the disease to make
a diagnosis.”
Greg Gargiulo is a freelance medical writer based in the San Francisco Bay Area.
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An eccentric approach
to hamstring injuries
The effectiveness of eccentric training
for the prevention and rehabilitation of
hamstring strains has been established in
the medical literature. The next step is to
identify an eccentric hamstring exercise
that addresses the limitations of existing
eccentric strengthening techniques.
By Karl F. Orishimo, MS, CSCS, and Takumi Fukunaga, DPT, ATC, CSCS

Hamstring muscle strain is a very common injury in many sports
such as soccer, rugby, and track and field.1-4 Recurrence rates for
this injury have been reported to be as high as 30%.5 The significant
time loss to the athlete associated with this injury, combined with
the high rate of reinjury, has spurred much research into rehabilitation and prevention methods. Eccentric exercises have emerged as
essential components of effective rehabilitation6,7 and injury prevention programs.8

Injury mechanism
Before examining the utility of eccentric exercises for treating and
preventing hamstring strains, an understanding of a common injury
mechanism is necessary. Hamstring strains typically occur during
high-speed running and cutting. Motion analysis studies of sprinting
have shown that peak hamstring lengthening occurs during the late
swing phase.9,10 During this phase, the hamstrings are acting eccentrically to slow the lower leg and to prepare and position the leg for
ground contact. Schache et al11 were fortunate to record a hamstring strain injury during a sprinting trial and confirmed that the injury most likely occurs around this point in the gait cycle. With the
understanding that the hamstrings must be conditioned to withstand
the high forces associated with this point in the gait cycle, the authors recommended that “hamstring injury prevention and rehabilitation programs should preferentially target strengthening exercises
that involve eccentric contractions performed with high loads at
longer musculotendon lengths.”12

Istockphoto.com #15588879

Researchers have found that increases
in hamstring strength at longer muscle
lengths occur only after bouts of eccentric
exercises, not concentric exercises.

Rehabilitation after hamstring strain
Given the high rate of reinjury, it is essential for an athlete who sustains a primary hamstring strain to undergo a formal rehabilitation
program before returning to his or her preinjury level of sports. At
our institution, we utilize a three-phase, evidence-based rehabilitation program and a battery of tests before clearing an athlete for
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Figure 1: The Nordic hamstring exercise. (Reprinted with permission from Arnason A, Andersen TE, Holme I, et al. Prevention of hamstring strains in elite soccer: an intervention
study. Scand J Med Sci Sports 2008;18[1]:40-48.)23
full sports participation. This program is rooted in the basic science
of muscle injury and treatment methods validated in previous clinical studies. A comprehensive description of our rehabilitation program was published recently by Schmitt et al.13
We recommend that all athletes who sustain a hamstring strain
go through all three phases of our rehabilitation protocol, which is
differentiated from most others by the inclusion of “lengthened
state” eccentric training. The time required to complete the program
may vary individually, however, depending on the severity of injury,
its mechanism, and the specific demands of particular sports. Objectives of the acute phase of rehabilitation, to be initiated immediately after injury, are to protect the injured muscle and minimize loss
of motion and strength.
The athlete may present with significant pain, discoloration, and
gait deviations. Use of therapeutic modalities (eg, ice, electric stimulation, pulsed therapeutic ultrasound) and manual soft tissue mobilization may be started immediately after the injury and can be
effective for pain modulation. If a significant gait deviation is observed, then use of crutches for ambulation is recommended. Experimental evidence suggests that active mobilization after muscle
injury results in superior histochemical and biomechanical recovery
compared to immobilization,14 and riding on a stationary bike is effective for encouraging early active motion.
Further, isometric hamstring contractions are performed at multiple knee flexion angles (eg, 30°, 60°, 90°) to start exerting tension
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in the injured muscle. Progressive introduction of tension in the injured muscle is believed to strengthen the scar between fractured
muscle fibers and help approximate the fiber stumps.15 It is important at this phase of rehabilitation that all activities and rehabilitation
exercises are performed without pain.
Once the athlete is able to walk with a normal gait pattern and
perform a submaximal (up to 75%) isometric contraction of the
hamstrings without pain, the athlete is progressed to phase 2 of the
rehabilitation. The objectives of this second phase are to increase
isotonic hamstring strength throughout the range of motion and to
improve neuromuscular control of the lower extremity in preparation for sport-specific movements. Appropriate exercises in this
phase include isotonic hamstring curls, deadlifts, single-leg deadlifts,
Nordic hamstring exercises,6,13 as well as other eccentric-biased exercises, such as the L-protocol exercises described by Askling et
al.16 Upon achieving full motion and minimal strength deficit (< 20%
of contralateral side) in the hamstrings, the athlete is progressed to
phase 3.
The third phase of rehabilitation involves sport-specific drills
and lengthened-state eccentric exercises. The sport-specific drills
may consist of sprints, agility drills, and plyometric training. The
eccentric-biased exercises are progressed to performing them in
positions where the hamstrings are under maximal tension. This
lengthened-state method of eccentric training is thought to
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Figure 2: Four eccentrically biased exercises studied by Orishimo and McHugh. The
hip extension, Diver, and Slider exercises were adapted from Askling et al.16 For the
Glider, subjects performed a supine single-leg bridge and then lowered their torso
to the floor by extending the knee of the supporting leg and sliding the foot forward.
A rep was completed when the subject lowered his or her body to the floor and then
returned to the starting position by sliding both feet into full knee flexion, then assuming the bridge position and lifting one leg off the floor.

strengthen the hamstrings in their longer muscle length and contribute to reduction in incidence of recurrent hamstring strains.13
Once the athlete has completed all three phases of the rehabilitation program without pain or compensatory patterns, a battery
of tests are carried out to ensure the athlete can safely return to full
sport participation. Strength testing of the hamstrings is performed
with an isokinetic or hand-held dynamometer and compared with
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the noninjured side. A manual muscle test may be performed in the
prone or supine position if a dynamometer is not available. The athlete must have minimal strength deficit (less than a 10% deficit relative to the contralateral side, as measured with a dynamometer)
throughout the range of motion before returning to sports participation. Recently, a rigorous functional test, named the H-test, has
been proposed as a tool to determine safety in returning to sports
after hamstring injury.17 Using this H-test as the primary return-tosport criterion, Askling et al16 reported only one case of hamstring
reinjury among 75 athletes followed over 12 months after return to
sports.
Once an athlete has been cleared to return to sport participation, we recommend incorporating the eccentric exercises (eg,
Nordic hamstring exercise, L-protocol, etc) into his or her strength
and conditioning routine, as these exercises have been shown to
reduce recurrence of hamstring strains.1,16

Why eccentrics?
Eccentric exercises have been shown to add sarcomeres in series18
and increase muscle strength at longer lengths (ie, the descending
limb of the length-tension curve).19 These physiological adaptations
act to protect a muscle against injury by reducing the damage
caused by repeated eccentric contractions. Studies by Kilgallon et
al20 and Mjolsnes et al21 have compared the effects of eccentric versus concentric hamstring strengthening exercises and showed that
increases in strength at longer muscle lengths occur only after bouts
of eccentric exercises. Therefore, training the hamstrings eccentrically may give them the ability to resist the high forces experienced
during high-speed running and to avoid disruption of the muscle
fibers.

Nordic hamstring exercise
A popular and highly effective eccentric exercise for the prevention
of hamstring strains is the Nordic hamstring exercise (NHE). To
Continued on page 36
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perform this exercise, the athlete starts in an upright kneeling position with arms at the sides and a partner holding the ankles on the
ground. From this position, the athlete falls forward and, as slowly
as possible, lowers the torso to the ground using only the hamstrings. In the end position, the athlete is lying prone on the ground
with straight knees, hips, and torso (Figure 1). The athlete then returns to the starting position by pushing up with the hands while
using minimal concentric contractions of the hamstrings.
Brockett et al22 demonstrated that a single bout of the NHE (12
sets of six repetitions) produced a shift in the angle of peak torque
toward longer muscle lengths. Additionally, this adaptation was

Although the Nordic Hamstring Exercise
has been shown to be very effective in
preventing hamstring strain injuries, it
does have a few limitations.

shown to have a long-lasting protective effect against subsequent
muscle damage. Studies in soccer players have shown an 11% increase in eccentric hamstring strength21 and a 65% reduction in hamstring strains in teams that used the NHE compared with those that
did not.23 Additionally, in a randomized controlled trial, Petersen et al24
found that using the NHE was associated with a rate of recurrent hamstring injury that was 85% lower than the recurrence rate in the control
group, which followed their usual training program.
Although the NHE has been shown to be very effective in preventing hamstring strains, it does have a few limitations. First, a partner is needed to hold the ankles while the athlete performs the
exercise. While this may work well in a team setting, it may not be
suitable in a rehabilitation or home exercise program. Secondly, the
NHE is a bilateral exercise (ie, performed on both legs simultaneously). This could allow for one side to compensate for the other
and to further reinforce side-to-side strength imbalances in patients
rehabilitating a hamstring strain. These limitations have led researchers to investigate alternative eccentric exercises that are just
as effective in preventing injury.

Other eccentric exercises
In a prospective randomized controlled clinical trial, Askling et al16
compared the time to return to sport in soccer players treated for
hamstring strains using the eccentric “L-protocol” compared with
conventional rehabilitation exercises consisting of stretching and
concentric strengthening. All three exercises in the L-protocol (the
Extender, the Diver, and the Glider) were simple unilateral eccentric
exercises that participants performed using minimal equipment and
the weight of their body as resistance. The time required to return
to sport following the hamstring injury was 45% shorter in players
performing the eccentric protocol than those performing the conventional protocol. Additionally, there were no reinjuries during the
one-year follow-up period in the eccentric training group, compared
with two in the conventional exercise group. The same authors
found similar results in sprinters and jumpers using the L-protocol
compared with conventional strengthening and stretching.25
To further understand the underlying causes of these clinical
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however, requires the use of an isokinetic dynamometer to provide
sufficient overload to the muscle, a device that may not be readily
available in most physical therapy clinics. Therefore, more research
is needed to design eccentric exercises that position the hamstrings
in a lengthened state and require little or no equipment.

Figure 3: Lengthened state eccentric hamstring strengthening on an
isokinetic dynamometer. (Reprinted
with permission from Schmitt B,
Tyler T, McHugh M. Hamstring injury rehabilitation and prevention of
reinjury using lengthened state eccentric training: a new concept. Int
J Sports Phys Ther 2012;7[3]:333341.)13

Conclusions
Eccentric exercises have been shown to be effective in reducing
primary and secondary hamstring strains. The NHE is the method
used most commonly for injury prevention, but simpler unilateral
exercises have also been shown to be highly effective. Lengthened
state eccentrics offer targeted training to address weakness at the
end of the range of motion. However, the requirement of specialized
equipment (an isokinetic dynamometer) to perform this type of training may preclude its use. Future research needs to focus on designing an exercise that produces similar adaptations as the NHE or
lengthened state eccentrics, but does not require a partner and can
be done with minimal equipment.

results, Orishimo and McHugh26 investigated the effects of an eccentrically biased exercise program inspired by the L-protocol on
the angle-torque relationship of the knee flexors in 12 healthy individuals. A secondary objective was to characterize the electromyographic activity of the hamstrings during each of the four exercises
(Figure 2). After a four-week training period, overall knee flexor
strength increased by about 10%, but the strength gains were not
angle-specific (ie, there was no shift toward longer muscle lengths).
Although these exercises were considered eccentrically biased,
electromyographic data showed substantial hamstring activity during the concentric portions of the exercises, as well. Unlike the
Nordic hamstring exercise, which is exclusively eccentric, the
L-protocol exercises require considerable concentric contraction to
return to the starting position. Therefore, considering the findings
of Kilgallon et al20 that the angle of peak isometric torque increased
with concentric training but decreased with eccentric training, it is
possible that the concentric portions of these exercises may be
counteracting the adaptations produced by the eccentric portions.
Despite not shifting the angle of peak torque of the hamstrings
toward a longer muscle length, these alternative eccentric exercises
improved strength, flexibility, and core control, all of which have
been shown to be instrumental in reducing the incidence of primary
and secondary hamstring strains.27,28 Strength exercises that combine elements of balance and flexibility may accelerate an athlete’s
progression through rehabilitation to the return-to-sport phase more
effectively than using exercises that address each element
individually.

Karl F. Orishimo, MS, CSCS, is a biomechanist and research associate at the Nicholas Institute of Sports Medicine and Athletic Trauma
at Lenox Hill Hospital in New York City. Takumi Fukunaga, DPT, ATC,
CSCS, is a senior physical therapist and research assistant at the
Nicholas Institute of Sports Medicine and Athletic Trauma.
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“Lengthened state” eccentric training
Recently, Schmitt et al13 have introduced and advocated the use of
“lengthened state” eccentric exercise to improve hamstring strength
at the end of the range of motion. The lengthened state is achieved
by combining maximal or near-maximal hip flexion and knee extension, so that the knee flexors are stretched over both the hip and
knee articulations (Figure 3). Preliminary data have shown that
patients treated with this modified form of eccentric training in the
context of a three-phase rehabilitation program had greater hamstring strength at longer muscle lengths and experienced fewer reinjuries than athletes who were noncompliant.29 This type of training,
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Chronic ankle instability:
Effects on quality of life
Patient-reported outcomes can be used to
monitor health-related quality of life in
patients with chronic ankle instability, and
lower extremity practitioners can design
rehabilitation approaches to speciﬁcally
target physical impairments that are
known to contribute to quality of life.
By Megan N. Houston, PhD, ATC, and Matthew C. Hoch PhD, ATC

There is clear evidence that individuals
with chronic ankle instability experience
HRQOL deficits in addition to the physical
impairments associated with the condition.

Physical activity is associated with a variety of health benefits, but
individuals who engage in it are also vulnerable to injury. Lateral
ankle sprains are one of the most common injuries sustained during
physical activity. Within the past decade, ankle sprains have represented approximately 80% of ankle injuries in athletes1,2 and military cadets,3 placing an immense economic burden on the
healthcare industry.
Following the occurrence of one or more acute ankle sprains,
individuals often go on to develop chronic ankle instability (CAI).
CAI is a health condition characterized by residual symptoms that
include feelings of giving way along with instability, recurrent ankle
sprains, and functional loss.4 While much emphasis has been placed
on the physical impairments associated with this condition, less is
known about the influence of CAI on the person as a whole.
The World Health Organization conceptualizes health as a positive state of physical, mental, and social well-being, to be viewed
as a continuum.5 Emphasis on the multidimensional profile of health
has shifted attention toward the assessment and promotion of
health-related quality of life (HRQOL).6 HRQOL is a broad term that
focuses on the physical, personal, and social changes that result
from injury, and has become an important component of health surveillance. Physical changes as a result of injury are often termed
“disease-oriented,” whereas the personal and social changes are
termed “patient-oriented.”
The majority of CAI research efforts thus far have focused on
capturing disease-oriented evidence. However, increasing effort has
been made to capture patient-oriented evidence in recent years.
With added emphasis on evidence-based practice, it is important
for clinicians to consider the patient’s perception of his or her health
status when making clinical decisions. In this review, we discuss the
influence of CAI on HRQOL, the associations between physical impairment and HRQOL in individuals with CAI, and the importance
of integrating the patient’s values and perceptions of their condition
into the rehabilitation process.
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Figure 1. Clinical and laboratory tests used to measure physical impairments that contribute to HRQOL. Top left: Star
Excursion Balance Test. Top right: a Semmes-Weinstein
Monofilament being used to test plantar cutaneous sensation. Bottom left: Weight-bearing lunge test for dorsiflexion
range of motion. Bottom right: ankle arthrometer.

HRQOL and CAI
CAI has been linked to long-term residual symptoms that affect daily
life and sport activity for years following the initial injury.1 To gauge
the patients’ perception of their HRQOL, clinicians and researchers
often assess patient-reported outcomes. Patient-reported outcomes
are determined using questionnaires or survey instruments that ask
patients to self-report their perception of a condition, injury, or
health status. Due to the multidimensional nature of HRQOL, a variety of patient-reported outcomes have been designed to measure
generic, region-specific, and dimension-specific health components.
Generic outcomes (ie, the Short Form-36 [SF-36]) are not specific
to a body region or condition and are designed to assess the patient’s overall health.7 Region-specific outcomes (ie, the Foot and
Ankle Ability Measure [FAAM]) are specific to a joint (eg, the ankle)
or region of the body (eg, the lower extremity). Dimension-specific
outcomes (ie, the Fear-Avoidance Beliefs Questionnaire [FABQ]) are
used to capture one aspect of an individual’s health, such as pain
or injury-related fear.
CAI has been associated with generic, region-specific, and
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dimension-specific HRQOL deficits. Therefore,
CAI appears to be a condition that, from the patient’s viewpoint, has widespread influences on
HRQOL.
For the past decade, researchers and clinicians have identified HRQOL deficits in those
with CAI using region-specific patient-reported
outcomes, such as the FAAM.8 Most recently,
the International Ankle Consortium has designated that a region-specific patient-reported outcome be used to describe the level of disability
in CAI research participants and only be used as
an inclusion criterion if the level of self-reported
function is important to the research question
posed.9 Endorsed questionnaires include the
FAAM and Foot and Ankle Outcome Score
(FAOS). Arnold et al10 were the first to expand
the multidimensional profile of HRQOL in individuals with CAI and assess general health and
well-being using the SF-36. Compared with uninjured participants, those with CAI reported
more functional limitations on the FAAM and decreased physical but not mental health on the
SF-36.
Our study11 broadened the HRQOL profile
of individuals with CAI by capturing regionspecific (FAAM), generic (Disablement in the
Physically Active Scale [DPA]), and dimension-specific (FABQ, Tampa
Scale of Kinesiophobia-11 [TSK-11]) patient-reported outcomes.
Compared with healthy participants, those with CAI reported functional limitations on the FAAM, decreased function on the DPA, and
increased fear of reinjury on the FABQ and TSK-11.
More recently, we conducted a systematic review12 to provide
a comprehensive overview of HRQOL as measured by patientreported outcomes in those with CAI. The evidence obtained from
the systematic review12 suggested that individuals with CAI report
HRQOL deficits in comparison with healthy controls and ankle
sprain copers (those who do not develop chronic ankle instability
following an acute ankle sprain), particularly on region-specific
patient-reported outcomes.
Thus, there is clear evidence that individuals with CAI experience HRQOL deficits in addition to the physical impairments associated with the condition. Accordingly, such deficits should be taken
into consideration when treating CAI and ankle sprains that precede
the condition.
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Clinical implications

HRQOL, physical impairment, and CAI

While the exact cause of the self-reported HRQOL deficits is unknown, if left unaddressed, these deficits may have long-term consequences associated with the condition. To date, researchers have
observed beneficial changes in HRQOL on region-specific patientreported outcomes (ie, FAAM and FADI) following joint mobilizations,16 balance training,17 and a comprehensive rehabilitation
program.18 Hoch et al16 observed improvements in self-reported
function on the FAAM (preintervention, 78.3% ± 12.6%; postintervention, 87.3% ± 11.07%) and FAAM-Sport (preintervention, 58.6%
± 11.1%; postintervention, 73.7% ± 17.7%) following a two-week
posterior talar glide joint mobilization intervention. McKeon et al17
reported similar improvements on the FADI (pretest, 85.5 ± 8.4;
post-test, 93.7 ± 7.4) and FADI-Sport (pretest, 69.9 ± 12.1; posttest, 85.0 ± 14.4) following a four-week balance training protocol.
Hale et al18 detected similar improvements on the FADI (change
score = 7.3) and FADI-Sport (change score = 11.1) using a comprehensive rehabilitation program that included strength, range of motion and balance exercises, and functional tasks. Hence,
region-specific outcomes appear to be modifiable postintervention.
Thus, clinicians should use patient-reported outcomes to better
monitor patient status and evaluate treatment efficacy.
Furthermore, when monitoring patient-reported outcomes, one
should have an understanding of change scores for HRQOL assessment tools to know whether or not the treatment was effective and
whether the effect was clinically meaningful. Change scores include
the minimal detectable change (MDC) and the minimal clinically important difference (MCID). Currently, the only patient-reported outcome in the CAI literature with well-established change scores is
the FAAM. An MDC of 7.8% on the FAAM or 9.5% on the FAAMSport16 indicates the change in score has exceeded measurement
error. In addition, an MCID of 15.5% on the FAAM or 28.1% on the
FAAM-Sport16 indicates the patient has perceived a beneficial
change. Thus, MDC and MCID scores should be used to interpret
patient progress and adjust treatment protocols accordingly. For example, the change score observed following joint mobilizations in
the previously mentioned study16 for the FAAM was 9%. Thus, the
change observed was beyond statistical error ( > 7.8%) but not necessarily meaningful to the patient (< 15.5%).
While there are various reasons that the change score did not
exceed the MCID in this particular study (eg, time, mobilization as
the only form of treatment), clinicians can monitor patient-reported
outcomes and make modifications to aid the patient. For instance,
the clinician could look at the patient’s scores on the individual
items of the FAAM and make sure that the tasks (ie, walking up hills,
jumping, running) associated with the items for which the patient
has lower scores are being properly addressed by the rehabilitation
protocol. By using patient-reported outcomes the clinician would
also be able to monitor effective treatment strategies. The clinician
may find that patients with CAI demonstrate immprovement following a manual therapy technique, such as joint mobilizations, and adjust their treatment protocol accordingly. Additionally, clinicians
should continue to monitor the literature for change scores relevant
to the patient-reported outcomes they use and for the populations
they treat.
In addition to monitoring patient status through patientreported outcomes, clinicians can also target physical impairments
that are known to contribute to HRQOL. We found that postural

Despite the knowledge that physical impairment and decreased
HRQOL both significantly affect those with CAI, few studies13-15 have
investigated the relationships between impairment and HRQOL.
Hubbard-Turner13 concluded that mechanical laxity contributes to
region-specific deficits as reported on the Foot and Ankle Disability
Index (FADI). Anterior laxity strongly correlated with FADI (correlation
coefficient r = -.65) and FADI-Sport (r = -.88) scores, and inversion
rotation moderately correlated with FADI (r = -.53) and FADI-Sport
(r = -.45) scores. Therefore, as laxity or rotation increased, the patient’s perception of function decreased. However, in a previous
study15 the relationship between ankle laxity and FADI scores was
weak, with correlation coefficients ranging from -.06 to -.26.
We examined relationships between well-known physical impairments associated with CAI and patient-reported outcomes and
identified a combination of mechanical and functional impairments
(ie, postural control, dorsiflexion range of motion, plantar cutaneous
sensation, and ankle arthrometry) that contributed to HRQOL.14
Therefore, utilizing rehabilitation strategies that target the physical
impairments with known contributions to HRQOL may in turn improve both physical function and HRQOL in individuals with CAI.
From the current literature, we know that HRQOL deficits exist
in individuals with CAI. Additionally, there appears to be some overlap between clinician and laboratory-oriented measures of physical
function and patient-oriented measures of HRQOL. Consequently,
the patient’s perception of health status as seen through patientreported outcomes should be an integral part of the rehabilitation
paradigm for CAI.
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control, dorsiflexion range of motion, plantar cutaneous sensation,
and ankle arthrometry contributed to 18% to 35% of the variance
in patient-reported HRQOL outcome scores.14 In theory, targeting
the physical impairments known to contribute to patient-reported
outcomes may improve both physical function and HRQOL in individuals with CAI. Thus, clinicians can utilize balance exercises,18-20
foot orthoses,21,22 plantar massage,23 joint mobilizations,16 taping,24
and bracing25 to treat the identified impairments. However, it is imperative that clinicians tailor rehabilitation programs to match the
unique needs of the individual patient, as not all CAI patients will
exhibit identical physical impairments, and HRQOL may not be contributing to a patient’s overall disability in all cases.
Despite the links we have identified between physical impairment and HRQOL it is important that clinicians recognize that the
variables identified accounted for only up to 35% of the variance in
HRQOL. Thus, it is clear that there are other variables contributing
to HRQOL detriments. Accordingly, it is important that clinicians recognize that some health issues may be beyond the scope of their
control and require referral. For example, heightened fear of reinjury
or mental components of HRQOL such as social anxiety or altered
relationships may be better addressed by mental health professionals. Clinicians should endeavor to recognize when a patient’s ailments are beyond their scope of practice and refer to the
appropriate healthcare professional.

copes with injury in his or her own unique way. Patient-reported outcomes provide an outlet for the patient and a resource for clinicians
to obtain pertinent information regarding the individual’s perception
of his or her physical impairment, activity limitations, and participation restrictions following injury. This information can be used to design and implement evidence-based treatment and rehabilitation
strategies that emphasize the best available evidence, clinical expertise, and patient values.
Overall, the current literature suggests that CAI impacts the
multidimensional profile of HRQOL and reiterates the usefulness of
implementing patient-reported outcomes as clinical assessment
tools. Using patient-reported outcomes to capture the patient’s perception of disablement following injury is vital to improving the overall quality of care provided and ensuring a complete recovery.
Megan N. Houston, PhD, ATC, is a postdoctoral research fellow in
anatomical and clinical neurotrauma at A.T. Still University in Mesa,
AZ. Matthew C. Hoch PhD, ATC, is an assistant professor in the
School of Physical Therapy & Athletic Training at Old Dominion University in Norfolk, VA.

Conclusion
It is evident from the current literature that individuals with CAI exhibit HRQOL deficits. As a result, clinicians must recognize the value
of whole-person healthcare and acknowledge that each patient
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Knee OA brace experts
revisit persistent issues
Systematic reviews and meta-analyses
show that bracing for knee osteoarthritis
(OA) is associated with signiﬁcant beneﬁts
with regard to pain and function. But links
to disease progression remain elusive, and
the challenges of patient compliance are
becoming even more complicated.
By Larry Hand

Bracing for patients with knee osteoarthritis (OA) has been a popular
topic in the medical literature lately, with four review articles epublished in the latter half of 2014.1-4 And, although research continues
to suggest that knee OA bracing can lead to improvements in pain
and function, questions remain as to the best way to ensure compliance with brace wear and whether or how bracing affects disease
progression.
“I don’t think that practitioners should deter patients from trying
braces based on the risk of complication alone,” said Rebecca F.
Moyer, MPT, PhD, a physiotherapist in the Faculty of Health Sciences
and at the Fowler Kennedy Sport Medicine Clinic at the University
of Western Ontario in London, Ontario, Canada.
Moyer was the lead author of a recent systematic review and
meta-analysis of randomized trials of knee OA bracing.1
“In order to improve compliance and adherence, practitioners
need to buy into the treatment and sell it to the patient if the patient
is an ideal candidate for the treatment,” she said. “Whether that
practitioner is a primary care physician, an orthopedic surgeon, or
a physiotherapist, if a patient is a candidate that could benefit from
the brace, then as clinicians they need to help educate the patient
on why they’re wearing it, when they should be wearing it, and really
support the patient’s use of the brace.”

In review

Systematic reviews found only limited data
about bracing outcomes for specific patient
subgroups that would help clinicians match
braces with patients most likely to benefit.

In the meta-analysis, Moyer and colleagues found that bracing is associated with small to moderate improvements in pain and function
in patients with medial knee OA, with varying effect sizes depending
on trial design and the type of control devices compared with
braces. The meta-analysis covered six randomized trials involving
445 patients, 274 of whom used a valgus knee brace.
Overall, bracing was associated with a small but statistically significant improvement in pain and function. Five of the studies compared an OA brace group to a control group that used a control
orthosis (neutral knee brace, neoprene knee sleeve, or shoe insert);
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the Steadman Philippon Research Institute in Vail, CO,4 similarly
concluded that knee OA bracing was associated with improvements
in symptoms and gait parameters but did not appear to affect disease progression.
The findings are tempered, Moyer and colleagues warned, by
substantial uncertainty regarding clinical benefit and by consistent
reports of poor compliance in the medical literature.5-8 Although
two of the biomechanical studies included in the review found that
greater valgus angulations in the brace are associated with greater
reductions in the external knee adduction moment,6,9 the metaanalysis did not find a significant association between brace angulation and treatment effect. Moyer and colleagues suggested this
could be due to poorer patient compliance associated with discomfort at greater angulations.
The most recent review “is a very good overview of the state
of knowledge on what we know about the changes in the biomechanics with bracing,” said Cheryl Hubley-Kozey, PhD, professor in
the School of Physiotherapy and School of Biomedical Engineering
at Dalhousie University in Halifax, Nova Scotia, Canada.

Continued from page 45

Disease progression
Hubley-Kozey lamented, however, the lack of original studies on
bracing and OA progression outcomes, with most researchers citing
a 2002 study linking baseline peak knee adduction moment to radiographic OA progression,10 and using the peak as the indirect link

Photo courtesy of medi USA.
when those five studies were analyzed as a group, a small difference
favoring OA bracing remained with respect to pain, but not function.
“Depending on how we made the comparison of bracing,
whether it was standard of care versus some other kind of treatment
like an orthotic or a knee sleeve, the effects for pain and function
differed,” Moyer said. “What’s most important is that the effect on
pain decreased when you compared it to, say, an orthotic, but it was
still significant.”
All six trials reported details regarding the instructions practitioners gave patients for brace wear, but those instructions varied
greatly; some advised patients to wear the brace all day, while others recommended wearing it only during activity, as needed, or a
minimum of four hours a day.
Three studies reported on brace-related complications, which
were minor and included constraining fit, slipping, swelling, blisters,
and skin irritation.
In another recent systematic review and meta-analysis published online in late November 2014, Moyer and colleagues concluded that valgus knee braces alter knee joint biomechanics during
walking, with moderate to high effect sizes, and involve a combination of mechanisms.2 The analysis included 30 studies and 478
patients.
The potential mechanism that was most often supported by the
review findings involved the application of a valgus moment to oppose the external knee adduction moment. Another potential mechanism involves increasing knee joint stability, which decreases
muscle co-contraction.
Two other 2014 reviews, one from the University of Social Welfare and Rehabilitation Sciences in Tehran, Iran,3 and another from
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to progression.
“There really aren’t any longitudinal studies that look at the effectiveness of bracing on slowing structural disease progression,”
Hubley-Kozey said. “Any of the biomechanical studies will look at
different measures—for example, the knee adduction moment, or
some measures of what’s happening as far as alignment is concerned, or fluoroscopy measures that look at changes in joint space.
It’s inferred that the braces will help slow progression from these
changes in biomechanical metrics.”
Neil A. Segal, MD, professor and faculty physiatrist and director
of clinical research in rehabilitative medicine at Kansas University
Medical Center in Kansas City, agreed that studies of braces and
disease progression should be a priority.
“I don’t think people have studied whether braces affect progression of disease. I think that’s what we really need to do,” Segal
said. “We really need to find out whether the course of the disease
is affected.”
The studies that show more of an effect of bracing, Segal said,
are ones that involve dynamic aspects, including those analyzed in
the second review by Moyer and colleagues.
“It’s the dynamic effect of the brace—if anything does affect disease status, it would be that. We’ve known for several years that abnormal alignment of the knee as well as loading of the joint
increases risk for worsening of disease and physical function,” he
said.
Most OA bracing studies have focused on the knee adduction
moment, Hubley-Kozey noted.
“The Moyer review shows that there really is a relatively good
effect size for knee adduction moment magnitude reduction with
braces,” she said. “But I think it’s not just a single factor, because
the knee adduction moment doesn’t tell the whole story.”
Her group is now using a comprehensive 3D motion analysis and
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electromyographic assessment to investigate other potential contributing factors, such as 3D kinematics, loading patterns, and muscle activation patterns, to understand the effectiveness of bracing.
“You can change the knee adduction moment, but if a person
is actually loading their joint too high or too long because they have
a lot of muscle co-contraction or they have a really high knee flexion
moment, that’s not a good thing,” Hubley-Kozey said. “There is variability in how people respond, and we haven’t had a whole lot of information on who responds to bracing well and who doesn’t
respond with respect to biomechanical factors.”
Some of the variability seen among studies may be due to the
severity spectrum, Hubley-Kozey added, because some studies
focus on people with less severe OA while other studies focus on
moderate or more severe disease.
Another thing that contributes to variability in findings is the design of the braces themselves, Segal said.
“The systematic reviews have shown small symptomatic effects
to moderate dynamic biomechanical effects. But there are so many
different types of braces, and the braces that are in the studies may
not be the types that are used more popularly, because there is
poorer compliance than with some of the braces that have been
studied. They’re more rigid and they’re bulkier, and people just find
them uncomfortable and, unfortunately, don’t want to wear them
frequently,” he said.
Studies and real life don’t necessarily coincide, Segal said.
“What happens in studies is not always what’s going to happen
in clinical practice. The people who volunteer for studies could be
those who would benefit more from wearing a brace, and compliance in studies may be higher [than in the clinic] because they know
they’ve volunteered for a research study,” he said. “When we
extrapolate from the studies to clinical practice, we probably can’t
expect outcomes that are as good because the patients for whom
we prescribe braces aren’t necessarily volunteering to wear them.
We need to be careful about the generalizability of study findings. I
think there’s self-selection in those who volunteer for brace studies,
and compliance might be greater in the studies than in the general
population.”

Compliance and dosing
Compliance and dose are also key issues, researchers said.
“We also need to figure out ways to design effective braces with
which patients will be compliant. If patients don’t take the therapy,
it doesn’t matter if it works or not, it’s not going to work if the brace
sits in a closet,” Segal said.
Although Hubley-Kozey’s group reported in 2012 that higher
OA brace wear dose was positively associated with physical activity
level and did not result in muscle impairment,11 it’s also possible
that too much dosing leads to lower compliance.
“If someone is sitting at their desk, do they really need to be
wearing [a brace] for x hours a day?” she said.
Segal concurred with the assumption in the second Moyer review—that the longer braces are used and the more correction provided, the lower the compliance.
“If you tell people to wear it for longer durations during the day
or more months of the year, then compliance goes down with either
of those increases in dose,” Segal said. “I think it’s problematic that
the more effective dosing is less well tolerated. We have some work
to do with that.”
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tervention. We monitored the participants and found that potentially
harmful forces to the knee joint were reduced in the knee, and the
participants reported improved function and reduced pain,” Lamberg told LER. (The force data were not presented at the AOPA
meeting but will be included in a manuscript that is currently under
review, Lamberg said.)
“I believe braces should be prescribed early on in the course
of the disease rather than using medication as the only intervention,” he continued. “By using the brace, people can reduce their
pain and increase their function. Absolutely these should be tried
before going through any kind of surgical technique. It’s a noninvasive therapy that is relatively low-cost.”
But detailed instructions, proper fitting, and follow-up are key,
Lamberg added.
Bracing “should be thought of as a treatment when applied
properly—and I think that’s the key word, properly,” he said.
About half of the patients in his study needed a reminder about
how to fit the brace after having worn it for two weeks, he said.
“They might not tighten the straps tight enough, or they don’t
bring the brace up high enough when they start. Then they’ll start
complaining that the brace slips and is a nuisance,” Lamberg said.
“Clinically, patients will get a brace and never come back to see the
orthotist again. So if they didn’t catch on to how to put that brace
on the very first time, the brace isn’t fitting them properly, and that
could potentially be a reason why people say braces don’t work.”

Continued from page 48

Finding the best match

Photo courtesy of Townsend Design.
In a study that has not been published yet, Hubley-Kozey and
colleagues instructed patients to use braces as needed for six
months.
“We saw a wide range of ways in which people would use it,
but most didn’t change over the six months. They stayed at their
particular level of wear,” she said.
Still, she said, the studies that have been done are important
and ultimately provide the valuable groundwork for designing trials
that will focus on disease progression.
“Those trials are very expensive, and you have to make sure
you have a solid foundation on which to base your hypotheses,”
Hubley-Kozey said.

Focusing on ﬁt
Doing more to ensure that correct brace fit is maintained over time
could go a long way toward improving compliance, according to
Eric Lamberg, EdD, PT, CPed, an associate professor in the Department of Physical Therapy at Stony Brook University in New York.
In a study that was presented as a poster in September at the
most recent annual meeting of the American Orthotic and Prosthetic Association (AOPA),12 Lamberg and colleagues assessed the
effects of a decompressive knee brace in 17 adults with unilateral
knee OA over a period of eight weeks.
Knee extensor and flexor muscle function was assessed at
baseline and again after two and eight weeks of brace wear. Use of
the brace was associated with improvement in average peak torque
and average power for both the flexors and extensors after two
weeks, and improvement continued after eight weeks, though the
affected limb remained weaker than the unaffected limb.
“We pretty much selected individuals with medial compartment
knee OA and gave them a brace. We did not provide any other in-
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Overall, Moyer told LER, what everything comes down to is matching individual patients with the best treatment. Unfortunately, however, while doing their systematic reviews Moyer and colleagues
found there are only limited data available about bracing outcomes
for specific patient subgroups.
“We need to evaluate these devices in one OA population versus another in order to be able to determine who’s going to respond
best and who’s not going to respond,” she said. “We wanted to be
able to do subgroup analyses and separate out the populations
looking at men versus women, obese versus not obese, and there’s
just not enough information there yet to do it confidently.”
Stricter recruitment criteria for trials may help, Moyer suggested.
“Rather than just recruiting anybody who has knee OA, let’s try
these devices in somebody who has knee OA and some other characteristic,” she said.
In the meantime, practitioners will continue to rely on their own
clinical expertise to find the right match between brace and patient.
“Do you need a very rigid lateral support for somebody that
has instability? If your patient is not presenting with instability, then
do you necessarily need those rigid lateral supports, or can you attain that unloading effect via other mechanisms of a brace? That’s
where an orthotist is going to have a much larger role in matching
patients with the ideal brace and then determining optimal dosage
for that brace, whether that’s angulation or just frequency of use,”
Moyer said.
Larry Hand is a writer in Massachusetts.
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Achilles rehab: Focusing
on insertional tendinosis
Research supports eccentric strengthening for treatment of midportion Achilles
tendinopathy, but a new study suggests
the same approach may not be warranted
for insertional tendinopathy. Other physical therapy techniques, however, work well
in both patient populations.
By Lisa H. Jain, DPT, OCS; Kevin J. McCarthy, MD; Michael Williams, PT,
OCS; Marie Barron, PT, OCS; Nick Bird, MPT; Brian Blackwell, PT, OCS;
G. Andrew Murphy, MD; David R. Richards, MD; Susan Ishikawa, MD; and
Margaret Kedia, PhD, DPT

For insertional tendinopathy, there was no
benefit of adding eccentric strengthening
to conventional treatment with stretching,
ice massage, night splints, and heel lifts.

Achilles tendinosis is a chronic condition characterized by diffuse
thickening of the tendon, without histologic evidence of inflammation, which is caused by increased demand on the tendon.1 When
such tendinopathy occurs 2 to 6 cm proximal to the calcaneal insertion, it is classified as midportion Achilles tendinosis.2 When the
tendinopathy occurs at the insertion of the Achilles tendon onto the
calcaneus, it is classified as insertional Achilles tendinosis.3
Achilles tendinopathy is common among adult athletes, particularly runners and middle-aged people,4-6 but also is seen among
patients with a sedentary lifestyle.7 The etiology of insertional
Achilles tendinopathy may be attributed to training errors, nonoptimal footwear, uneven training surfaces, muscle weakness, and biomechanical factors, such as cavus foot, pes planus, genu varum,
decreased ankle dorsiflexion, decreased mobility of the subtalar
joint, and leg-length differences.8
The American Orthopaedic Foot and Ankle Society recommends at least six months of nonsurgical treatment before clinicians
consider surgical intervention for Achilles tendinopathy. Conservative treatment includes stretching exercises for the Achilles tendon,
night splints, custom orthoses, rest, corticosteroid injections, heel
lifts, cryotherapy, and nonsteroidal anti-inflammatory medications.9
In addition, eccentric training has become a popular and successful treatment option for tendinosis. An eccentric contraction occurs when a muscle lengthens as it yields to an external resistance.
Eccentric contractions have a much lower metabolic cost than concentric contractions, meaning fewer muscle fibers are recruited to
produce the same force as a concentric contraction. Previous research has revealed that eccentric training provides greater increases in strength and greater muscle hypertrophy compared with
concentric training.10,11
Recent evidence adds further support for the use of eccentric
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reverses the process of neovascularization and nerve ingrowth,
which is a cause of pain with Achilles tendinosis.14
Stanish et al stressed the importance of eccentric training as
part of the clinical rehabilitation of tendon injuries.15 Influenced by
this work, Alfredson et al designed a special heavy-load eccentric
strengthening protocol for midportion Achilles tendinosis.16 The results showed that, following a 12-week training period, 100% of the
participants were able to return to their preinjury levels with full running activity.16 In a study by Fahlström et al, 89% of patients with
midportion Achilles tendinosis returned to their preinjury activity
levels after a 12-week eccentric training regimen, with a significant
reduction in pain.17 Mafi et al, Roos et al, and Ohberg et al also reported comparable results.18-20
Results from four other studies that evaluated the effects of eccentric training for insertional Achilles tendinosis17,21-23 have not
been as promising as the aforementioned studies of patients with
midportion Achilles tendinosis. Fahlström et al, Jonnson et al,
Knobloch, and Rompe et al, in independent studies of 12-week eccentric training protocols utilizing a numerical pain scale as an outcome measure, reported an overall decline of 2.7 points on a
10-point scale (weighted mean).17,21,23 Three of the studies17,21,23 documented patient satisfaction, reporting a combined result of “extremely satisfied” or “satisfied” in only 42% of the participants.3
Our previously published study24 investigated the effect of eccentric training and conventional treatments on pain and function
in patients with insertional Achilles tendinosis.

Continued from page 53

Kedia et al24 study design

Figure 1. Conventional stretches for insertional Achilles tendinopathy. Top left: Gastrocnemius stretch. With the knee straight and heel on the floor (involved foot back),
the patient leans forward. Top right: Soleus stretch. With the knee bent and the heel
on the floor (involved foot back) the patient leans forward. Center: Hamstring stretch.
Lying supine, the hands (or a towel) are placed around the posterior aspect of the
knee. The knee is slowly straightened until a stretch is felt. Then, maintaining this
position, the foot is pulled toward the face. Bottom: Sitting in an upright position with
the involved knee straight, a towel is placed around the ball of the foot. Using both
hands, the patient pulls the towel, bending the foot toward the face. (Reprinted with
permission from Kedia et al.24)
strengthening specifically for Achilles tendinopathy. Langberg et al12
showed eccentric training causes an increase in type I collagen in
diseased Achilles tendons, which suggests that eccentric training
stimulates mechanoreceptors in tenocytes to produce collagen,
thus helping to reverse the tendinopathy cycle. Eccentric training
lengthens the musculotendinous junction, thus applying less strain
on the Achilles tendon during movement.13 Finally, eccentric training
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We collected data from 2007 to 2010. The sample population consisted of patients aged 18 years and older who had received a diagnosis of insertional Achilles tendinosis and experienced
symptoms for at least three months. The diagnosis of insertional
Achilles tendinosis was made when the primary area of pain was
localized to the Achilles tendon at its insertion, and there was pain
with activity or start-up pain.
Patients were randomly assigned to either a control group,
which received conventional physical therapy treatment, or an experimental group that received conventional physical therapy treatment (same as the control group) plus eccentric strengthening.
Conventional physical therapy included stretches for the gastrocnemius, soleus, and hamstring muscles (Figure 1); ice massage on
the Achilles tendon twice a day for five to 10 minutes; a dorsal night
splint that held the ankle in a neutral position; and bilateral adjustable heel lifts, which started at 3/8" and were lowered 1/8"
every two weeks, to no lift at all at six weeks. The patients in conventional therapy did not perform any strengthening exercises.
The patients in the experimental group were instructed to perform all of the above plus two eccentric strengthening exercises:
(1) Having the patient stand on one step and use both feet to rise
onto the balls of the feet, slightly flex the knee of the involved leg,
lift the uninvolved leg, and then lower the involved heel from plantar
flexion to dorsiflexion in a count of five (two sets of 15 repetitions),
and (2) having the patient repeat the aforementioned exercise, only
this time with the involved knee straight, again slowly lowering from
plantar flexion to dorsiflexion to a count of five (two sets of 15 repetitions) (Figure 2). The eccentric strengthening protocol used one
less set of 15 repetitions than Fahlström et al17 to accommodate the
varied activity level of our patient population.
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Figure 2. Eccentric training exercises. In the first exercise, the patient stands bearing weight on the involved foot in plantar flexion with the knee slightly bent (left) and slowly
lowers the heel into dorsiflexion to a count of five (center). In the second exercise, the patient stands bearing weight on the involved foot in plantar flexion with the knee straight
and lowers the heel to a count of five (right). (Reprinted with permission from Kedia et al.24)
Patients were instructed in all the exercises and issued the heel
lifts at the initial evaluation. They returned to the physical therapy
department to monitor progress and check patient performance
and exercise technique at one, three, and five weeks after the evaluation. However, patients were instructed to continue performing
the protocol for a total of 12 weeks, even though they were not still
seeing the physical therapist.
Orthopedic surgeons who specialized in treating the foot and
ankle made the initial diagnosis and collected data at baseline, six
weeks, and 12 weeks. The surgeons were blinded to the protocol
patients followed. Patient status was measured using a 100-mm visual analog pain rating scale (VAS), with 0 indicating no pain and
100 indicating pain so bad the patient would be in the emergency
department; the Short Form Health Survey (SF-36) and SF-36 Bodily
Pain subscale, which are designed to measure patients’ general
health status; and the Foot and Ankle Outcomes Questionnaire
(FAOQ), which uses 25 questions to determine foot and ankle pain,
stability, and the degree of disruption from normal daily activities
due to the ankle and foot pain. The physicians also collected demographic and anatomical data, including age, sex, ethnicity, height,
weight, tendon calcification present on radiographs, reported activity level, and the patient’s overall complaint and symptoms.

Pain and function outcomes
Sixteen patients followed the experimental protocol, and 20 followed the control protocol. Patients were predominantly women,
with only five men in each group. The average age was 51.7 years
in the experimental group and 55.3 years in the control group. Body
mass index (BMI) indicated obesity in both groups, with a mean of
37.6 for the experimental group and 32.7 for the control group.
Most patients (87%) had calcification in the tendon, and three
patients experienced symptoms bilaterally. (For our study we included only the tendon deemed worse at initial evaluation, but instructed patients to do the exercises bilaterally for their own benefit.)
The self-reported levels of activity at baseline were quite varied,
ranging from sedentary to manual labor in a warehouse to recreational athletics.
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Patients in both groups experienced statistically significant reductions of pain and improvements in function (Wilcoxon U tests)
(Figure 3). The addition of eccentric training was not associated with
any significant difference in the outcome for any outcome measure
(Mann-Whitney tests). Even though the patient population was
heavy, patients with higher BMIs did not experience inferior outcomes relative to those with lower BMIs.

Discussion
Our study of patients with insertional Achilles tendinopathy demonstrated no benefit of adding eccentric strengthening to the conventional treatment regimen, which involved stretching, ice massage,
night splints, and heel lifts.24 However, both the conventional physical therapy treatment group and the conventional plus eccentric
training group demonstrated significant clinical improvement. For
both groups combined, 86.7% improved their VAS scores. The
mean change in VAS was 20 mm, with a mean percentage difference of 41.3%.24 This is a clinically significant improvement based
upon the work of Jensen, Chen, and Brugger, who found that an absolute change between 20 and 30 mm on the 100-mm VAS and a
33% decrease of pain on the VAS were associated with clinically
relevant pain relief.25,26 Improvement also was noted in 84.2% of
patients on the SF-36, with a mean change of 10;24 an improvement
of five points on the SF-36 is considered clinically significant.27,28 In
addition, improvement was noted in 73.7% of patients on the Bodily
Pain subscale of the SF-36 and in 93.3% of patients on the FAOQ;24
to our knowledge, clinically significant improvement for those measures has not yet been defined.
Importantly, these results indicate that conventional therapy can
significantly reduce pain and improve self-reported function in patients with insertional Achilles tendinopathy. Several of the control
group interventions that we used, including Achilles stretches and
heel lifts, have been used successfully in previous studies of midportion Achilles tendinopathy.9-16 Many patients in our study23 had
been treated with at least one of these interventions prior to entry
into our study, indicating that combining multiple interventions may
be required to achieve clinical success.30
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The improvement noted in our study24 was greater than the
improvement seen in prior studies of insertional Achilles tendinosis.17,21 Fahlström et al used eccentric strengthening in only 31
patients with insertional Achilles tendinopathy, and only 32% were
able to return to their previous activity levels. In a third of their patients, the mean VAS score improved from 68.3 to 13.3; however,
the remaining 68% of patients did poorly and experienced little improvement in their VAS score.17 It should be noted that Fahlström
et al’s outcome measurement was return to prior level of activity,
which usually was a high-level recreational sport, whereas our measure was improvement of an outcome scale, with a population that,
while active, was not generally involved in competitive athletics. Jonsson et al21 described a modified eccentric strengthening regimen
for insertional Achilles tendinopathy that avoided loading in a position of dorsiflexion. Their results in 27 patients (34 tendons) showed
a change in mean VAS from 69.9 to 21 and an overall rate of 67%
of patients returning to activity and satisfied with treatment.
As stated previously, eccentric training has been shown to be
a successful treatment for midportion Achilles tendinosis.15-20 Although insertional Achilles tendinopathy and midportion tendinopathy are both chronic conditions of the Achilles tendon, and both are
associated with increased microcirculatory blood flow, the two are
considered distinct clinical entities.31 Insertional tendinopathy is
thought by many clinicians to be more difficult to treat. Additionally,
patients with posterior heel pain may have other contributing

Continued from page 56

A
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Figure 3. Changes in outcome scales. In the top graph, note decrease in the VAS and
in the FAOQ, representing improvement in status. In the bottom graph, note increase
in the SF-36 Bodily Pain Subscale, representing improvement in status.
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sources of pain, such as retrocalcaneal bursitis, which is diagnosed
when the patient has significant pain with palpation anterior to the
Achilles tendon. Some patients with insertional Achilles tendinopathy have an associated Haglund’s deformity. The role of the
Haglund’s deformity as a pain generator is poorly understood, but
it may be an important factor in certain patients. With these multiple
differences between midportion and insertional Achilles tendinosis,
it is not unexpected that a certain treatment modality, such as eccentric strengthening, may be effective for one condition but not
for the other.

Conclusion
In addition to supporting the use of stretching, cryotherapy, night
splints, and heel lifts for insertional Achilles tendinopathy, the study
by Kedia et al24 specifically isolated the independent variable of
eccentric strengthening. Although several previous studies have examined eccentric strengthening for insertional Achilles tendinopathy, to our knowledge, this was the first randomized study
comparing identical therapy programs with and without eccentric
strengthening. The study findings did not support the use of eccentric strengthening for treatment of insertional Achilles tendinopathy;
however, they did support the use of conventional therapy modalities, especially in a less athletic patient population.24

therapy at Campbell Clinic Orthopaedics in Germantown. Marie Barron, PT, OCS, is the senior manager of physical therapy at Campbell
Clinic Orthopaedics in Southaven, MS. Nick Bird, MPT, and Brian
Blackwell, PT, OCS, are physical therapists at Campbell Clinic Orthopaedics in Germantown. G. Andrew Murphy, MD, and David R.
Richardson, MD, are associate professors in the Department of Orthopaedic Surgery at the University of Tennessee and staff members
at Campbell Clinic Orthopaedics in Germantown. Susan Ishikawa,
MD, is assistant professor and foot and ankle fellowship director in
the Department of Orthopaedic Surgery at the University of Tennessee and a staff member at Campbell Clinic Orthopaedics in Germantown. Margaret Kedia, PhD, DPT, is a physical therapist at
Campbell Clinic Orthopaedics in Southaven, MS.
Disclosure: Murphy is an unpaid consultant for Wright Medical Technology and has received research support from Biomimetic Therapeutics
and Smith & Nephew. Ishikawa reports institutional support from Smith
& Nephew, Stryker, Synthes, OREF (Orthopaedic Research and Education
Foundation), and Wright Medical. Murphy, Ishikawa, and Richardson receive royalties from Elsevier. No other authors report any conflicts of interest. No funding or support was received for this paper.
Note: The results of the central study described in this article were originally published by the International Journal of Sports Physical Therapy.24

Lisa H. Jain, PT, DPT, OCS, owns Kinetic Physical Therapy and practices at the Healthcare Gallery, both in Baton Rouge, LA. Kevin J.
McCarthy, MD, is completing a foot and ankle fellowship in the Department of Orthopaedic Surgery at the University of Tennessee in
Memphis and is a staff member at Campbell Clinic Orthopaedics in
Germantown, TN. Michael Williams, PT, OCS, is director of physical
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newp
Offloading
Pulseboot

PF Sock
Night Splint

Orthotimer Wear
Time Monitor

Armor1 Ankle
Roll Guard

Pulseboot footwear is designed
to improve diabetic foot ulcer
healing, reduce limb loss, and
help lesions stay healed. Pulseboot offloads pressure using an
advanced material (D3O) and
contoured insole design. A discreet rigid offloader controls
unwanted foot motion and stabilizes the midfoot and ankle
mortise. Pulseflow technology—
a battery-powered air bladder
incorporated into the sole of the
shoe that compresses the plantar plexus intermittently—helps
address reduced blood flow
and poor perfusion. Wear-time
tracking software allows practitioners to monitor patient
compliance at each clinic visit.

The PF Sock is a specialist-designed night splint that is intended to provide an optimum
stretch of the plantar fascia and
speed recovery. The PF Sock
is designed to hold the ankle
joint in a neutral position while
dorsiflexing the toes—a combination that can facilitate maximum results, including relief of
pain with the patient’s first
steps in the morning. In addition to plantar fasciitis, the PF
Sock can be used to alleviate
tight calf muscles and Achilles
tendon pain. A comfortable alternative to traditional night
splints, it is constructed from
lightweight, breathable material
and features an adjustable Velcro strap.

Pro-Tech Orthopedics is the exclusive North American distributor of the Orthotimer, an electronic monitoring system that
documents the wear time of
orthopedic devices for outpatients. The heart of the Orthotimer system is a small microsensor (9 x 13 x 4.5 mm)
that can easily be integrated
into orthotic devices, shoes, insoles, prostheses, or bandages,
and is controlled with a wireless reading device. Wear time
data are transferred to the
analysis software via the reading device through a USB connection. The data can be
viewed in terms of total wear
time or for a range selected
from the monitoring period.

The new Armor1 Ankle Roll
Guard is designed to prevent
ankle sprains by cushioning the
ankle during an inversion, or
“roll.” Unlike a brace, the Armor1 Ankle Roll Guard wraps
securely around the outside of
any shoe type and allows the
user to retain full ankle mobility
and comfort. The device can
be used in sports or rehabilitation activities and provides ankle stability and protection for
users with chronic lateral ankle
instability. Made of lightweight
(2.3 oz), durable EVA (ethylene
vinyl acetate), the Armor1 Ankle
Roll Guard is one-size-fits all,
easy to put on and take off, and
comes in left or right versions.

Plantarfasciitisgone.com
44-779-250-4913
plantarfasciitisgone.com

Pro-Tech Orthopedics
866/819-1157
protech-intl.com

Diabetic Boot Company
44-129-667-8596
pulse-flow.com
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Ankle Roll Guard
208/598-1861
anklerollguard.com

roducts
Rocktape
RockGuards II

Squid Cold
Compression

‘Garden Stretches’
Patient Education

Fascia Therapy
Book and Tools

Rocktape now offers RockGuards II, designed to protect
the shins of the wearer during
physical activity such as rope
climbs, CrossFit, dead lifts, and
cleans and snatches. RockGuards II are lightweight shin
skins that protect the body
from cuts, scrapes, rope burn,
and infections. The guards are
made of neoprene and easily
zip on and off. Footstraps ensure the guards stay in position, and four-way Lycra stretch
helps provide a better fit. RockGuards II come in a variety of
sizes for both men and women,
and are available in two colors:
black and a black-and-white
“manifesto” design. They retail
for $60 per pair.

Squid, a dynamic cold compression system, combines sequential compression with cold
therapy. The cold compression
directs edema away from the
extremities and toward the
heart, promoting venous return
and increasing local circulation.
Squid is a recovery tool for athletes and those suffering from
joint or muscle pain, with treatments that last only 15 minutes.
Each of the six Squid Wraps
(which include leg, ankle, and
knee) is designed to direct
swelling away from the treated
body part while driving cold
deep into the tissue. A proprietary gel formula allows the
Squid Gel Packs to maintain
their shape.

Stretching Inc. presents stretching as a simple, gentle activity
that can be done by anyone,
anywhere, at any time. “Garden
Stretches” provides detailed instructions and illustrations of
stretches to do before, during,
and after gardening to help relieve lower extremity stress and
pain, maintain flexibility, and increase efficiency and time in
the garden. This publication is
designed with the illustrations
of the stretches on the front
side of each page and more
detailed instructions on the
back side. Available in pads of
40 identical 8 ½" x 11" sheets,
printed front and back, or in an
individual laminated pad sheet.

Eric Franklin’s new book, Fascia
Release and Balance, educates
the reader on how connective
tissues integrate the body’s
components and facilitate all
movements. This knowledge is
reinforced by Franklin Method
ball-rolling and imagery exercises that release tension and
train the fascia for expansive
movement. Created more than
25 years ago, the Franklin
Method combines an understanding of anatomy, metaphorical imagery, and proprioceptive ball rolling to improve
function. Fascia Release and Balance and Franklin Method balls,
rolls, and massagers are exclusively available from OPTP.

Rocktape
408/213-9550
shop.rocktape.com/rock-guards-iishin-skins

Squid Compression
281/823-9600, ext 1004
squidcompression.com

Stretching Inc.
800/333-1307
stretching.com

OPTP
800/367-7393
OPTP.com

Visit
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products
Vicon
Nexus 2

Sonostics
HeartPartner

Tommie Copper
Compression Gear

Sigvaris Merino
Wool Socks

Nexus 2 is the newest version
of Vicon’s data capture software for sports, rehabilitation,
gait analysis, and biomechanical research. New major updates address speed, methodology, and accuracy challenges
faced by both clinicians and researchers. The Functional Calibration feature allows multiple
frames of dynamic trials to be
analyzed rather than singleframe calibration, improving
tracking capabilities and generating more accurate and reliable
results. Nexus 2 facilitates powerful modeling, automated quality assessment, improved labeling, and customized workflows
for managing data collection
and processing.

Sonostics develops and markets “pacemakers for the second heart”—the soleus muscle—to provide nonpharmacologic relief from unexplained fatigue, swollen feet
and ankles, muscle/joint pain,
cold hands/feet, dizziness,
brain “fog,” varicose veins, and
other symptoms associated
with fluid pooling in the lower
limbs. HeartPartner is a passive
exercise footrest that stimulates the soleus muscle to clear
fluid from the lower limbs, helping to improve circulation and
cardiac output. It features technology developed at Binghamton University in New York that
identifies the optimal frequency
to trigger soleus contraction.

Tommie Copper’s recovery line
of compression products includes multiple colored sleeves,
apparel, and accessories such
as shorts and tights for all the
pain points of the body, designed to be comfortably worn
all day and throughout the
night. The 4D compression
helps speed joint and muscle
recovery and offers relief from
aches and pains. All Tommie
Copper products feature
100% CopperZnergy copper
and zinc-infused fabric, which
is engineered to eliminate
odors caused by microbes and
offers UPF 50+ sun protection,
while Cool Copper technology
keeps the wearer dry and cool
for skin health benefits.

Sigvaris is pleased to announce
that its All Season Merino Wool
Socks are joining the Sigvaris
Medical collection, designed
for men and women who wear
20-30 mmHg medical graduated compression socks every
day. Made from extra-fine Australian Merino wool, these
socks are as soft as cashmere,
and the premium wool construction keeps feet dry, for
comfortable wear in any season. Wool socks are naturally
thermoregulating to keep feet
warm in cooler months and
cool in hotter months. The All
Season Merino Wool sock line
is currently available in navy,
brown, and black, for both men
and women.

Vicon
303/799-8686
vicon.com

Sonostics
855/696-9283
secondaryheart.com

Tommie Copper
855/692-8291
tommiecopper.com

Sigvaris
800/322-7744
sigvarisusa.com
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market mechanics
By Emily Delzell

Trial ﬁnds Pluristem product safe,
improves post-THA muscle strength
A phase I/II trial of Pluristem Therapeutics’ expanded placental cell
product for treatment of muscle
injury after total hip arthroplasty
(THA) found significant improvements in maximal voluntary muscle contraction force six months
postsurgery in both operated and
nonoperated gluteal muscle.
The Haifa, Israel-based company reported the surprising
improvements in nonoperated
gluteal muscle on February 2,
following its January announcement that the PLX-PAD (placental
expanded) product had successfully met its primary safety and
efficacy endpoints (the primary
efficacy finding was significant
improvement in maximal voluntary isometric contraction force
of the gluteal muscle in the operated leg).
The 20 patients in the randomized, double blinded, placebo-

controlled study conducted at the
Orthopedic Clinic of the University Hospital Charité in Berlin, Germany, received injections of 150
or 300 million PLX-PAD cells or
a placebo shot into gluteal muscle traumatized during THA.
Patients treated with 150 million cells showed 500% improvement over placebo in maximal
contraction force of the operated
gluteal muscle, while those
treated with 300 million cells had
improvements of about 300%
compared with placebo. In nonoperated legs, the magnitude of
improvement in muscle force was
approximately 40 times larger in
patients treated with 150 million
cells compared with placebo.
Investigators will present the
complete dataset, including biopsy
results and functional assessments, once final analyses are
completed, the company said.

Sigvaris partners with wound care expert
Compression garment manufacturer Sigvaris in January partnered with physical therapist and
wound care and lymphedema
management expert Robyn
Bjork, MPT, CWS, WCC, CLTLANA, CLWT, to help support
innovation for patients with lymphedema, chronic venous insuffi-

ciency, and venous ulcers.
Bjork, founder and CEO of
the International Lymphedema &
Wound Care Training Institute in
Hayward, WI, will provide insight
and training on wound and lymphedema care to the Peachtree,
GA-based company’s internal
teams and customers.

13th DFCon event scheduled for March
The 13th Diabetic Foot Global
Conference (DFcon) 2015 is
scheduled for March 19-21 at
the Loews Hollywood Hotel in
Los Angeles.
The international event will
cover diagnostic and interventional strategies for diabetic foot

ulcers and amputation prevention in didactic talks, panel discussions, Q&A sessions, and
specialty symposia and workshops.
Visit dfcon.com to view the
conference program and faculty
or to register for the event.

Hanger revamps peer support program
Birmingham, AL-based Hanger
Clinic in early 2015 changed the
name of its Amputee Empowerment Partners Peer Support Program to the AMPOWER program
(empoweringamputees.org).

The AMPOWER Peer Support Program will continue matching amputees with certified peer
mentors and has launched an online resource center at hangerclinic.com/ampower.

PT foundation awards $2.5M COE grant
The Alexandria, VA-based Foundation for Physical Therapy announced February 5 that it has
awarded Brown University in Providence, RI, $2.5 million to establish the Center on Health Services
Training and Research (CoHSTAR)
over the next five years.
Brown will administer and
lead the multi-institutional center,
which will train physical therapist
scientists, in partnership with
Boston University and the University of Pittsburgh to increase
and improve physical therapy research capacity and further integrate the practice into mainstream medicine.
Funding for the CoHSTAR,

formerly known as the Center of
Excellence, came from a $1 million gift from the American Physical Therapy Association (APTA)
and gifts from 50 APTA components and physical therapists,
foundations, and corporations
throughout the country.
In January the Foundation
received $1.58 million, one
of its largest planned gifts to
date, from the estate of an
Akron, OH, couple, Emil and
Magdalen Goergeny, PT, who
was an APTA Life Member at
the time of her death in 2013.
Proceeds from their estate will
support the Foundation’s research programs.

Arcopedico donates 2200 pairs of shoes
Sparks, NV-based Arcopedico
USA reported on February 3 that
it has gifted more than 2200 pairs
of its Portuguese-made comfort
footwear to young women in villages throughout Haiti.
The shoe company donated
its Cinderella knit flat in seven

colors through Soles4Souls, a
Nashville, TN, nonprofit fighting
poverty through the distribution
of shoes and clothes. Shipping
company Mountain Valley Express in Stockton, CA, covered
all costs for transporting shoes
to Soles4Souls.

Koven, LEAP collaborate to save limbs
The Preventive Foot Care Centers of America, a managed
care podiatry network administered by the Las Vegas-based
Lower Extremity Amputation
Prevention (LEAP) Alliance,
announced on January 22 a
collaborative amputation prevention effort with Koven Technology, based in St. Louis, MO.

Koven, which manufactures
specialized Doppler ultrasound
devices for detection of lower extremity peripheral artery disease,
is helping fund LEAP Alliance
public and healthcare provider
education programs through its
sales of the SmartDop device and
software, used to screen for and
diagnose the condition.

BOC reaccredited, elects 2015 board
The Board of Certification/Accreditation (BOC) reported February 11 that the National Commission for Certifying Agencies
has reaccredited its pedorthist
certification program for another five-year period. Approximately 275 professionals are
currently certified as BOC pedorthists (BOCPDs).

In late January the BOC
Board of Directors announced
the names of officers elected for
one-year terms to its 2015 Executive Committee, which guides
the organization’s mission, activities, and standards. Visit the
BOC’s website, bocusa.org, for
a full list of new and reelected
officers.
Continued on page 66
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PFA invites Meanwell memorial fund gifts

FDA clears MedShape’s bone-sparing plate

The Pedorthic Footcare Association (PFA) invites its members
to contribute to a memorial
fund for the family of Bill Meanwell, CPed, a longtime PFA
member and pedorthist who
died on November 14, 2014, in
Broken Arrow, OK.
His friends and colleagues

Atlanta-based MedShape noted
on February 2 that the US Food
and Drug Administration has
given 510(k) clearance to its
3D-printed FastForward Bone
Tether Plate, a primary component of the company’s FastForward Bunion Correction System.
The geometry of the plate,
made with medical grade titanium alloy, closely matches second metatarsal anatomy and is

created the fund, and contributions can be sent to: the Bill
Meanwell Memorial Fund, CO/
Community Trust Bank, 775
Lake Harbour Drive, Suite A,
Ridgeland, MS 39157.
Contact Terry Abeles at
shoeman@tabeles.com with any
questions about the fund.

Ottobock gives $1000 photo contest prize
Ottobock North America has
named Carlos Gonzalez of San
Francisco, CA, winner of its 2014
C-Leg Heroes photo contest
grand prize.
Ottobock North America,
which recently relocated its
headquarters from Minneapolis,
MN, to Austin, TX, ran the photo
contest throughout 2014 to celebrate the 15th anniversary of
the US introduction of its above-
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knee microprocessor prosthetic
leg. The company awarded
weekly and monthly prizes, and
in December 2014 selected
Gonzalez as winner of the
$1000 grand prize.
The winning photo submission shows Gonzalez practicing
martial arts, a sport he took up
after his amputation that he said
helped rebuild his confidence
and self-esteem.

designed to allow for optimal distributions of stresses on the bone
and for wrapping suture tape securely and safely around the second metatarsal without drilling
through the bone.
MedShape showcased the
FastForward System at the American College of Foot and Ankle
Surgeons Annual Scientific Conference, held February 19-21 in
Phoenix, AZ.

Altra introduces smart running shoe
Orem, UT-based Altra introduced
its Halo running shoe with an integrated gait-detecting sensor in
January at the 2015 International
Consumer Electronic Show in
Las Vegas.
The iFit sensor is built into
the Halo’s midsole and sends
real-time data on foot strike

lermagazine.com

zone, cadence, and ground impact force to a synched smartphone or iFit GPS Watch so runners can adjust their gait during
workouts.
Altra plans to make the
Halo available commercially
in late 2015 priced at approximately $180.
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