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Surgeons can effectively reattach

Currently, the Veterans’

Administration (VA) serves
more than 90,000 Veterans who
have lost limbs and performs
more than 12,000 amputation
surgeries annually. Ensuring the quality of their O&P
care is goal of new legislation.
	
By Eve Lee, MBA, CAE, Executive Director, AOPA
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tendons and bone, but they can’t
recreate the conditions that built
this efficient attachment system.
By Nicole Wetsman
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 ORRECT POOR CRANK-ARM
C
FIT TO RELIEVE CHRONIC
KNEE (AND HIP) PAIN

A 2015 workforce analysis showed demand for

P&O professionals will be about 60% higher than
the available supply of certified providers. New
legislation is meant to address the shortfall as a
highly ranked program fights to find a home.

Roughly half the cyclists who

seek my services complain of
chronic knee pain—pain that has
gotten so bad that, if they cannot
get relief, they tell me, they are
going to give up cycling.

	
By Keith Loria and Janice T. Radak
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COMMON CLASS OF
ANTIBIOTICS CAN LEAD TO
TENDON RUPTURE

Half of the musculoskeletal

injuries in the United States
each year involve tendons and
ligaments, and of the tendon
injuries that can occur, those that
strike the Achilles tendon are the most common.

	
By Nicole Wetsman
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Guest Editorial
The Wounded Warrior Workforce
Enhancement Act: A Win-Win for
Patients and the Profession
By Eve Lee, MBA, CAE, Executive Director, American Orthotic and Prosthetic Association

iStockphoto.com #1167054268

our aging population and Veterans.

Currently, the Veterans’ Administration (VA)

2014 there were 6,675 licensed and/or certified

serves more than 90,000 Veterans who have

orthotists and prosthetists in the United States

lost limbs and performs more than 12,000

and concluded that, by 2025, “the overall

profile enough, and do not generate enough

amputation surgeries annually. Additionally, al-

supply of credentialed O&P providers would

revenue, for universities to build out a suffi-

though the number of Veterans with significant,

need to increase by about 60% to meet the

cient number of master’s programs to meet

chronic limb impairment is unclear, it is unques-

growing demand.” Fewer than 250 clinicians

tionably large. While there are new technologies

combined will graduate this year from the 13

the current and future patient demand. The

and devices available to treat these individuals

schools with accredited O&P programs, one of

and help improve the quality of their lives, use

which graduated its last class (see ”Wounded

of these devices requires more sophisticated,

Warrior Workforce Enhancement Legisla-

advanced training on the part of clinicians.

tion Introduced as Georgia Tech Deactivates

At present, O&P programs are not high

Wounded Warrior Workforce Enhancement
Act (WWWEA) (H.R. 2487 in the House of
Representatives and S. 1315 in the Senate),
introduced earlier this year, would authorize
five million dollars per year for three years to

Orthotists and prosthetists are required to

MSPO Program,” page 43). On top of this, a

have, at a minimum, a master’s degree from an

significant percentage of our nation’s trained

O&P-accredited institution and complete a res-

and experienced O&P clinicians are eligible to

idency program. A 2015 study commissioned

retire in the next 10 years. When combined,

ited advanced education programs in prosthetics

by the National Commission on Orthotics and

these elements result in a dire shortage in the

and orthotics. Priority will be given to programs

Prosthetics Education (NCOPE) found that in

number of O&P clinicians needed to care for

lermagazine.com

provide limited, one-time competitive grants to
qualified universities to create or expand accred-

Continued on page 10
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Continued from page 9

partnering with the VA or Department of

Eve Lee, MBA, CAE, is Executive Director of the

Defense facilities, including opportunities for

American Orthotic and Prosthetic Association.

clinical training, to ensure that students become

Founded in 1917, AOPA is the largest non-profit

familiar with and can respond to the unique

organization dedicated to helping orthotic and

needs of service members and Veterans with

prosthetic (O&P) businesses and professionals

limb loss or limb impairment.

navigate the multitude of issues surrounding

If this legislation were to pass it would

the delivery of quality patient care. With more

take the burden off the current O&P providers

than 2,000 member locations and headquarters

by infusing the profession with the additional

in Alexandria, Virginia, AOPA serves the O&P

workforce needed now and in the future. With

profession with advocacy on Capitol Hill, premier

the workforce increase comes the ability to

publications, high-quality coding products, expert

provide more effective, quality treatment to

reimbursement guidance and a full slate of edu-

patients in the VA, Medicare, and Medicaid,

cation programming on O&P-specific issues.

ultimately resulting in fewer co-morbidities. It

The American Orthotic and Prosthetic Association (AOPA) needs your help to get support for
this important legislation, write your Representative and Senator and ask them to cosponsor
the Wounded Warrior Workforce Enhancement

has also been demonstrated that with proper

Reference

and prompt access to O&P care overall health

1. Dobson A, Murray K, Manolov N, DaVanzo

costs are lower.1

Call To Action!

Act (WWWEA). To do this, please visit https://
aopa.freeenterpriseaction.com/Xlm00yT, it will

JE. Economic value of orthotic and prosthetic

only take you a few minutes to send a message

services among medicare beneficiaries: a

to them, and the more support we can garner

win-win for both patients and the profession

claims-based retrospective cohort study, 2011–

for the bill, the more likely it is to pass. If you

would be an understatement. We need an ade-

2014. J Neuroeng Rehabil. 2018; 15(Suppl

have any questions, please reach out to Justin

quate workforce to meet the needs of Veterans

1): 55.

Beland, AOPA’s Director of Government Affairs

To say this cost-effective legislation is a

living with limb loss and limb impairment. The

at jbeland@AOPAnet.org. Thank you for your

WWWEA helps do this.

efforts on behalf of our profession.
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• Ankle-foot orthotics
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allows the Editors and the publication’s
advisors to make recommendations for
improving the utility of the manuscript for
readers.
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If you’re like most, you probably wonder how some of your colleagues
achieve so much notoriety. Why are they considered “experts” and you’re
not? The difference is the amount of publicity they create. The good news
is: You can build your own media presence and we’ll show you how.
Think about the patient. How does the patient know
who is an expert and who is not? The only thing the
patient sees is who is on the news and who is quoted
in the newspaper or who comes up first on Google
or Twitter. Patients often assume the more publicity a
provider receives, the better provider they are. But we
know there are plenty of excellent providers who never
get quoted in the press. The patient doesn’t realize
that you may be as good as—if not better—than the
providers they see in the media. Is it time for you to
get noticed?
We know what you’re thinking: I don’t know how
to do that. True: Most healthcare professionals are
more focused on their work and less focused on their
marketing and public relations efforts.

Let’s look at how we can help you create the visibility
and exposure that you need to help grow your practice.
For 10 years, you have placed your trust and loyalty
in LER. Now it’s time to let us help you develop a
complete branding and market differentiation plan
for patient retention, patient satisfaction, and greater
patient referrals. Let our team of marketing, public
relations, and branding experts take your practice to
the next level.
We are offering a complimentary practice-building
strategy session to the first 250 applicants who log on
to the address below by September 31, 2019. Let us help
you take your practice to the next.

Visitwww.lermagazine.com/expertto
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Survey Identifies Quality of Care
Indicators for AFO Users
By Laura Fonda Hochnadel

ment regarding quality themes. Over 60% of orthotists and PTs rated
these 9 quality themes as extremely important: organizational characteristics, clinician competency, good clinician-patient communication, care
coordination, device characteristics, device usage, device fit and comfort,

Lower limb orthoses are worn by nearly 2 million Americans of all ages.

body function, activity and participation. The 10 th theme, importance of

Certified orthotists have reported spending 59% of their time providing

the care environment, was rated extremely important by 52.4% of ortho-

lower limb orthoses, of which 18% is spent providing ankle foot orthoses

tists and 37.6% of PTs.
Again using a >60% threshold, of the 35 subtopics, orthotists rated

(AFOs). Despite such a substantial time commitment spent providing patients with lower-limb orthoses, and specifically AFOs, patient

26 as extremely important and PTs rated 28 as such, also indicating a

satisfaction reporting and quality of care assessment have not been fully

high degree of consensus. Topics that did not meet this threshold for

documented.

either group were facility ambiance, device adjustability by patients,

“As in all aspects of healthcare practice, patients, providers, payers,

patients’ evaluation of device aesthetics, joint range of motion (ROM),

and insurers recognize that quality measurement is vital to monitor

gait speed, and endurance. Topics that did not meet this threshold for

services, improve systems, and obtain reimbursement,” explains Allen

orthotists were collection of meaningful data, device weight, and social

Heinemann, PhD, ABPP, FACRM, director, Center for Rehabilitation

confidence wearing the device, while facility layout was the only topic

Outcomes Research and professor, Department of Physical Medicine and

that did not meet this threshold for PTs.
Survey respondents were also asked to identify who or what would

Rehabilitation, Feinberg School of Medicine, Northwestern University.
“We must identify what aspects of quality stakeholders value and how to

be the best source for quality care markers. They could choose from

measure those aspects.”

patient self-report, clinician report, performance measures and tests,

Heinemann and a multidisciplinary team of researchers surveyed
461 orthotists and 153 physical therapists (PTs) to rate the importance of

facility/patient records, or a combination thereof. A threshold of >50%
consensus was applied. The responses are presented in the table.

10 broad themes related to quality of care, and to determine which of 16

The subtopics of device durability and balance met the >50%

standard performance measures they thought feasible and good to use in

threshold, but without consensus. Over 50% of orthotists indicated

AFO users. Themes were rated as extremely, somewhat, slightly, and not

device durability is best assessed via clinician report, while >50% of PTs

at all important. If a theme was rated extremely or somewhat important,

said patient self-report is a better care indicator. Over 50% of orthotists

the respondent was then asked to rate subtopics; in total, 35 subtopics

said balance is best assessed using patient performance measures com-

were available for responses. The 10 broad themes were previously deter-

bined with patient self-report, while >50% of PTs indicated that patient

mined and were relevant to patients who use AFOs.

performance measures should be combined with clinician report.

The results indicate the two professional groups are largely in agree-

While the study shows patient self-report and clinician report could

Table. Consensus among orthotists and physical therapists identifies quality of care markers for AFO users.
Patient Self-Report

Clinician Report

• Ease of scheduling

• Material quality

• Device weight

• Device
modifiability

• Ease of donning and
doffing
• Adherence to device
use

• Joint ROM

Facility Records
• Timeliness of
device delivery
• Clinician
follow-up

Patient Performance
• Gait speed

Patient Self -Report/
Clinician Report
• Skin integrity

Patient Performance/
Clinician Report
• Gait pattern

• Walking endurance

• Device durability*

• Beneficial effect of
the device
• Activity level and
independence
• Quality of life
Continued on page 14
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be used to assess a majority of the care indicators, the respondents
clearly indicated that patient performance measures should be used to
assess how well the AFO helps the patient ambulate. In the context of
this study, to measure gait speed and pattern, walking endurance, and
balance in AFO users, a >60% consensus of the two groups rated 12 of
the 16 measures presented below as feasible and/or excellent/good to
use. Those measures were:
• Ankle passive ROM using a goniometer
• Timed Up and Go test
• 5m walk test
• 10m walk test
• 6-minute walk test
• Berg Balance Scale

iStockphoto.com #488245466

• Timed Up and Down Stairs test

gine was attached; the TRAD group used a Smith machine sans robotic

• Functional Ambulation Categories

engine. Supervised, progressive RT was undertaken 2 to 3 times per week

• Borg Rating of Perceived Exhaustion

for 8 weeks.
The RT programs were designed to increase strength and power.

• Physiological Cost Index

They included single-leg and double-leg heavy squats and explosive jump

• Modified Emory Functional Ambulation Profile, and

squats. Participants were evaluated pre- and post-training in the back

• Rivermead Mobility Index.
The authors’ stated purpose was to provide insight into quality care
indicators and how to collect and measure that data. The results can
provide focus for additional studies.
Source: Heinemann AW, Fatone S, LaVela SL, Slater BCS, Deutsch
A, Peterson M, Soltys NT, McPherson V CPO. Orthotists’ and physical
therapists’ perspectives on quality of care indicators for persons with custom ankle-foot orthoses. Assist Technol. 2019; 15:1-11.

squat performed at one rep-maximum (1RM), 30m sprint performance,
counter movement jump (CMJ) and drop jump (DJ) performance, body
composition, and quadriceps muscle thickness.
The results indicate that increases in maximum strength and power
output were similar for both groups. The ISO/ECC group experienced
greater gains in quadriceps muscle size compared to the TRAD group.
In fact, the researchers noted the muscle hypertrophy was to a similar
degree as study interventions that were actually focused on increasing

Isokinetic Training + Eccentric
Overload = >Muscle Size, >Performance
By Laura Fonda Hochnadel
A team of researchers undertook a study to examine changes in performance and muscle size in young ice hockey players who underwent a
program of multiple-joint isokinetic (ISO) resistance training (RT) and
eccentric overload (ECC) compared to a control group that underwent
a traditional (eg, isotonic) RT program. According to the literature, ISO
training and ECC, when performed individually, result in muscle hypertrophy; however, there is a lack of data on the combined effect of the two.
The new study appears in the Journal of Science and Medicine in Sport.
The study cohort comprised 22 Swedish and Norwegian junior
league–level ice hockey players who were similar in terms of weight/
height, performance, body composition, and muscle thickness. While all
participants had participated in RT, none had previously engaged in ISO

muscle size, rather than being designed for strength and power as in
this study. The increase in muscle size was an unanticipated finding, the
researchers noted, as the cohort already had 2 years of weight training
experience. The ISO/ECC group also experienced greater improvements
in DJ performance compared to the TRAD group. Trivial changes were
seen in body composition across both groups; no improvements were
realized by either group in the 30m sprint and CMJ performance; and
both groups realized similar changes in the 1RM back squat.
Given these results, the authors state that an ISO/ECC RT program “represents a more optimal short-term strategy to induce muscle
adaptations in resistance-trained athletes.” This study adds to the body of
research that examines the combined effects of undertaking an ISO/ECC
RT program.
Source: Horwath O, Paulsen G, Esping T, Seynnes O, Olsson CM.
Isokinetic resistance training combined with eccentric overload improves
athletic performance and induces muscle hypertrophy in young hockey
platers. J Sci Med Sport. 2019; 22(7):821-826.

training or ECC. Participants were randomly assigned to either the ISO/
ECC group or the traditional (TRAD) group. ISO RT was implemented
using a custom-made Smith machine to which a computerized robotic en-
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EXCERPT

Shin Splints, Achilles
Tendinopathy Top Runningrelated Diagnoses Among Injured
Recreational Runners
By Benjamin Mulvad, Rasmus Oestergaard Nielsen, Martin
Lind, and Daniel Ramskov
The purpose of the present study was to describe the incidence propor-

oral pain (PFP), iliotibial band syndrome (ITBS) and plantar fasciopathy
(PF). The diagnosis-specific injury proportions (IP) and 95% confidence
intervals (CI) were calculated using descriptive statistics. The time to
recovery was defined as the time from the first registration of pain until
total pain relief in the same anatomical area. It was reported as medians
and interquartile range (IQR) if possible.
Results: A total of 140 runners were injured at least once leading to
a 24-week cumulative injury proportion of 32% [95% CI: 26%; 37%]. As
detailed in Table 1, the diagnoses with the highest incidence proportion
were MTSS (IP = 16% [95% CI: 9.3%; 22.9%], AT (IP = 8.9% [95%

tion of different types of running-related injuries (RRI) among recreation-

CI: 3.6%; 14.2%], PFP (IP = 8% [95% CI: 3.0%; 13.1%]. The median

al runners and to determine their time to recovery.

time to recovery for all types of injuries was 56 days (IQR = 70 days).

Methods: A sub-analysis of the injured runners included in the

Diagnosis-specific time-to-recoveries included 70 days (IQR = 89 days)

839-person, 24-week randomized trial named Run Clever. During

for MTSS, 56 days (IQR = 165 days) for AT, 49 days (IQR = 63 days)

follow-up, the participants reported levels of pain in different anatomi-

for PFP.

cal areas on a weekly basis. In case injured, runners attended a clinical

Conclusion: The most common running injuries among recreation-

examination at a physiotherapist, who provided a diagnosis, eg, medial

al runners were MTSS followed by AT, PFP, ITBS and PF. In total, 77

tibial stress syndrome (MTSS), Achilles tendinopathy (AT), patellofem-

injured participants recovered their RRI and the median time to recovery

Table 1. Incident cases, incidence proportion, and characteristics of the 25 different diagnoses of running-related injuries.

Injuries are presented in descending order starting with the most frequent. n = number. The total count is presented. Non-recovered injuries are the number of RRIs still sustained at
the end of follow-up. The incidence proportion of the injuries and their related confidence interval, CI 95%, are presented in percentages. The distribution of gender is presented as
the number of females with each diagnosis. y = years. Furthermore, the mean age, stated in years.
Continued on page 18
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for all types of injuries was 56 days and MTSS was the diagnosis with
the longest median time to recovery, 70 days.
Mulvad B, Nielsen RO, Lind M, Ramskov D. Diagnoses and time
to recovery among injured recreational runners in the RUN CLEVER trial.
PLoS ONE. 2018;13(10): e0204742. Both text and graphics are used in
accordance with Creative Commons Attribution License.

Skipping Tops Running for
Knee Joint Contact Forces and
Metabolic Costs

iStockphoto.com #138300295

Running’s high rate of sport-related injury is a prime driver of reduced
exercise participation, despite its bountiful health benefits. Skipping—
that childhood symbol of carefree whimsy—presents a lot like running,

rate of 2.68 m/s.
Using musculoskeletal modeling with GRF and 3D kinematic data

but when compared to running, provides unique benefits: shorter steps,

as well as oxygen consumption to determine metabolic cost, the research-

reduced vertical ground reaction forces (GRFs), and lower knee exten-

ers found that, when compared to skipping:

sor torques. Understanding these differences, researchers from North
Carolina sought to determine if skipping would have lower tibiofemoral
and patellofemoral joint contact forces. Given that previous studies had
shown skipping has a high metabolic cost, they also looked to determine
what role the larger vertical displacement played in skipping’s overall

running (both per step and per kilometer).
• Peak and impulse patellofemoral loads were 98% higher when
running (both per step and per kilometer).
As for energy expenditure and those prior studies, the researchers

metabolic cost.
The researchers recruited 20 young, healthy volunteers and then
had them run and skip on an instrumented treadmill at a predetermined

18

• Peak and impulse tibiofemoral loads were 30% higher when
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also found that 30% more calories were burned when skipping than
previously reported. Additionally, vertical displacement when skipping
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was nearly double compared to running and that displacement correlated

elevated uric acid levels (51% don’t know); family history (45% don’t

with higher metabolic cost. The authors attributed the lower joint loads to

know); and obesity (61% don’t know).

the shorter steps, and the larger vertical displacement was associated with

• Additionally, even fewer Americans associate gout with other serious

the greater metabolic cost.

health issues, such as diabetes, high blood pressure and kidney

The authors concluded that skipping presents an attractive exercise

disease/kidney health issues.

alternative with added increased aerobic benefits.

“This reinforces a tremendous need to provide ongoing education

Source: McDonnell J, Zwetsloot KA, Houmard J, DeVita P. Skipping
has lower knee joint contact forces and higher metabolic cost compared to

about gout and the consequences of not seeking prompt and ongoing

running. Gait Posture. 2019;70:414-419.

treatment,” added Dr. Edwards.
Additional information and gout resources—including a new medical

Gout: Well Known, But
Misunderstood

professional locator—are available, free-of-charge, at GoutEducation.org.

Gout may be well known, but there is a tremendous misunderstanding of
what it takes to treat this serious inflammatory disease. Those are among
the findings of a recent survey conducted for the Gout Education Society
by Wakefield Research. The online survey of 1,000 nationally representative Americans, ages 18+, with an oversampling of 100+ interviews of
adults who have been diagnosed with gout was conducted in the spring
of 2019.
According to survey, two-thirds of gout patients have not had their
uric acid levels checked within the past 6 months, as recommended by
the American College of Rheumatology. Additionally, while just half of
gout sufferers say their uric acid level is at the recommended 6.0 mg/
dL or below, only 1 in 3 is taking uric acid-lowering medications, as prescribed—and nearly 2 in 3 incorrectly believe they can stop taking these
medications if they aren’t having flares.
“Elevated uric acid in the body is the root cause of gout, so it’s
critical for anyone with gout to take steps to ensure that levels are at a
healthy 6.0 mg/dL or below,” said N. Lawrence Edwards, MD, MACP,
MACR, chairman of the Gout Education Society. “In most cases, daily
uric acid-lowering medications are needed to keep levels low and flares at
bay—and these medications need to be taken even after flares are under
control. Not taking this step can put gout patients at risk for increased
flares and damage, plus other serious health complications—ranging
from diabetes, to kidney disease, to heart attack and stroke.”
In addition to non-adherence by many gout patients, nearly 70%
admitted to not eliminating or reducing foods known to trigger gout
flares, and nearly 60% admitted that they aren’t maintaining a healthy
body weight.

Early Sports Specialization Tied to
Increased Injury Rates in College
Athletes
Nearly 60 million children and young teens participate in organized
athletics each year with ever-increasing numbers of kids specializing in one
sport before the age of 14 with hopes of a college scholarship or profession-

Gout Is Widely Misunderstood

al career on the line. However, researchers presenting their work at the

According to the survey, many Americans—and even those with gout—
don’t fully understand the disease or its risk factors.

American Orthopaedic Society for Sports Medicine/Arthroscopy Association of North America 2019 Specialty Day found that this early intense
participation might come at the cost of increased injuries during their

• 7 in 10 do not know that gout is a form of arthritis.
• 4 in 10 don’t know that the disease can affect both men and women.
• Half of Americans falsely believe that gout only affects the feet and/
or toes.
• Few Americans also understand the risk factors for gout, including

athletic careers.
“Our research indicated that athletes who specialized in their varsity
sport before the age of 14 were more likely to report a history of injuries
and multiple college injuries during the course of their athletic career,” said
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may significantly minimize a child’s injury chances and promote long-term,
athletic college or even elite success,” said Cash.
The authors concluded that NCAA Division I athletes who specialized in their varsity sport prior to age 14 were more likely to be recruited
and receive an athletic scholarship. However, these individuals, as well as
those with high training volume prior to high school, had increased rates of
injury and injuries requiring surgery.

OVERUSE INJURIES REACH EPIDEMIC
LEVEL AMONG YOUTH ATHLETES

iStockphoto.com #860880772

author, Brian M. Cash, MD from the Department of Orthopaedic Surgery
at the University of California at Los Angeles in a press release.
Cash and his colleagues sent a voluntary survey to 652 athletes who
participated in athletics at a single institution. Participants were asked
about demographics, scholarship status, reasons for sports specialization,
age of specialization, training volume, and injury/surgical history. A total
of 202 surveys were available for analysis after some were excluded due to
incomplete or incorrect survey completion. Injuries were defined as those
that kept an athlete out of participation for more than one week. High
training volume was defined as greater than 28 hours per week during prehigh school years.
• 86.9% of individuals who specialized early (vs. 74% who did not
specialize early) reported a history of injury.
• 64.6% of those who specialized early (vs. 49.4% who did not)
reported multiple injuries and these athletes were held out of sport
participation an average of 15.2 vs. 7.0 weeks in those that did not
specialize early.
• However, early specializers were also more likely to receive a college

Youth overuse and repetitive
motion injuries are at
epidemic levels today,
according to Robert A. Weil,
DPM, a sports podiatrist,
radio host of the “The Sports
Doctor,” and author of the
book, #HeySportsParents!
In the July 2018 issue of LER,
he wrote on this topic, noting
that overuse injuries cause a
significant loss of time off the
field, but more importantly,
they threaten future sport
participation which could inadvertently lead to increased obesity.
This population is at increased risk because growing bones are less
resilient to stress and children’s awareness of symptoms as signs of
injury are limited.
The most common overuse injuries seen in young athletes today
include:
• Irritation of the growth plate (apophysitis)
• Problems with tendons
• Stress fractures

scholarship (92.9 vs 83.1%).
• Full-scholarship athletes were more likely to report multiple surgical
injuries (11.7 vs 3.5%).
• In addition, those who trained more than 28 hours per week in their
varsity sport before high school were more likely to report multiple
injuries (90.0 vs. 56.7%).

• Patellofemoral (knee pain).
Weil encouraged parents, trainers, coaches, and clinicians to listen
to young athletes and to evaluate pain, decreased performance,
limping, and swelling as signs of possible overuse injuries.

• Individuals with a pre-high school training volume greater than 28
hours/week were not more likely to be recruited (90.0 vs. 89%) or
receive a scholarship (80% vs. 74.5%).
“Sports participation is an excellent way for kids to maintain their
health and possibly even receive a college scholarship. However, our
research further highlights that avoiding sports specialization before the
age of 14 and minimizing training time to less than 28 hours per week,
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Enthesis: Unique Structure Makes Tendon-to-Bone
Repairs Complicated
Formed during
development, this efficient
attachment system
cannot be recreated
during healing.
By Nicole Wetsman
Many common injuries, such as Achilles tendon
and rotator cuff tears, require surgical procedures
that reattach the affected tendon to the bone.
Stavros Thomopoulos, PhD, director of
Carroll Laboratories for Orthopedic Surgery at
Columbia University in New York, compares it to
trying to attach a rope to a piece of cement. “You
have tendon on one side, and bone on the other.
They’re very different materials,” he says. “The
body has evolved these really efficient attachment
systems to solve this mechanical problem.”
In a healthy joint, the intersection between
the two structures is referred to as the enthesis.
That junction is extremely specialized, and—
even with the most skillful of surgeries—it does
not regrow if it’s been damaged. Surgeons can
effectively reattach tendons and bone, Thomopoulos says, but they can’t recreate the conditions that build the enthesis. “All of these really
great features that form during development,

Figure 1. The tendon to bone insertion site of mice shows the mineral gradient of the enthesis site. From Schwartz AG,
Pasteris JD, Genin GM, et al. Mineral distributions at the developing tendon enthesis. PLoS One. 2012;7(11):e48630. Use is
per Creative Commons Attribution License.

unfortunately, none of them get recreated during

the load from muscle across the tendon,” Thomo-

the enthesis had enriched expression of genes

healing,” he says.

poulos says. The enthesis itself has a gradient of

involved in collagen organization.3

A unique structure creates a
surgical challenge
The complex structure of the enthesis develops
after birth, as the changing expression levels of
various growth factors trigger the growth of the
cell types that form the juncture. However, the
specifics of enthesis development are still poorly
understood—one reason that medically recreating it after damage is so challenging.

cell tissue: at the point it intersects with tendon,

The enthesis is a robust structure, Thomo-

it contains connective tissue and tendon cells. It

poulos notes, and it’s rarely itself damaged.

transitions to uncalcified fibrocartilage cells, then

“The healthy enthesis is really built to take

to calcified fibrocartilage cells, and finally, to bone

a lot of stress,” he says. Injuries are far more

(see Figures). The mineral content of the struc-

likely to arise in the bone or in the tendon on

ture increases as it moves from tendon to bone.

either side of the junction. The surgical problem

“There’s a linear increase,” he says. “The two fit

arises, he says, because there often isn’t enough

together like a puzzle.”

tissue available to attach the tendon back to the

1

2

Molecular analysis of the cells in the

enthesis. “There’s no way a surgeon would repair

enthesis and at the intersection between tendon

tendon-to-tendon in that case.” That’s why they

and bone shows a wide range of cell types with

have to bypass the enthesis and create a new link

attachment over a wide surface area, which

varying levels of gene expression. In the tendon,

between the bone and the tendon.

allows it to distribute force and tension through

for example, there was an increase in expres-

the joint. “It’s incredibly effective at transferring

sion of genes involved in cell adhesion. Cells in

On the bone side, the enthesis forms an
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efforts are underway to develop new tools to

Continued from page 25

to stitch the two structures together. They work
to create a wide attachment point that spreads
the mechanical load that the joint will need to
hold, Thomopoulos says. Surgeons might use
adhesives to spread out the forces, as well. “The
problem is, the right kind of adhesives don’t exist:
crazy glue is strong but brittle. Medical glues,
they’re really stretchy, but they’re not strong
enough.”
Surgeons are able to successfully recreate
the attachment—but after the procedure, the
junction heals as scar tissue, not the previously
existing structure of the enthesis. The mineral
gradient and gradually transitioning cell types do
not return during the healing process.
“We used to think healed tendon to bone
would match what was normally there,” says
Augustus Mazzocca, MS, MD, professor in the
department of orthopedic surgery and director of
the musculoskeletal institute at the University of
Connecticut. “If you cut your skin, a lot of times,
it doesn’t form a scar. If you break your bone,
it heals, and looks normal. The tendon-to-bone

assist in these surgical procedures. Scientists are
working to develop better adhesives, for example,
Thomopoulos says. “We’re looking toward marine
biology, to things like barnacles and mussels—
they’ve formed these really neat systems for
attaching themselves to surfaces,” he says. “We’re
working with polymer chemists to come up with
a mimic of that approach.”
In patellar tendon repairs, research has
shown that reducing the length of post-surgical
immobilization and allowing for early motion at
the joint can improve tendon healing and prevent
complications. As such, novel surgical techniques
that allow for patients to move earlier have been
used in clinical practice.4
Other innovative strategies have included
the use of scaffolding and grafts at the tendon-tobone connection, which are seeded with protein
growth factor and mesenchymal stem cells, which
are typically isolated from bone marrow and can
differentiate into bone and cartilage. However,
these strategies have had limited success. “We
really do not have enough stem cells present in

connection doesn’t do that.” Even when the joint

these bone marrow treatments to make a differ-

heals, he says, and brings back normal strength

ence in most circumstances, so we are relying

and range of motion, the tendon-to-bone junction

on a concentration of growth factors, which may

is never the same.

or may not help a specific healing response,”

The challenges associated with tendon-tobone surgical procedures, and the current inabil-

LaPrade says.
Long-term solutions, Thomopoulos says,

ity to recreate the enthesis, are likely one of the

will most likely result from the use of biologic

reasons that failure rates for these procedures are

materials created from cells and proteins. “If we

so high. Rotator cuff repairs in the shoulder have

can push the healing process toward regeneration

particularly high failure rates—around 30% of

and away from scar—that’s the idea,” he says.

repairs fail, Mazzocca says, and some estimates

“We have to suppress the scar response, and at

put the failure rate near 95%.2 The size of most

the same time, we have to promote regeneration.”

rotator cuff tears can make them more likely to

Adding platelet-rich plasma to and around

Figure 2. The stained cut of pig Achilles tendon and enthesis
tissue shows the distinction between cells of the tendon,
enthesis and bone. a) Enthesis cryocut section was stained
for cells using SYTO® 13. Cells are depicted cyan, confocal
reflection is depicted magenta. Scale bar corresponds to
150 μm. b) Scheme of cell arrangement observed at the
enthesis. c) Cells within the interface are round shaped and
are often arranged in pairs. Scale bar corresponds 50 μm. d)
Cells residing within tendon are longitudinally arranged along
the axis of tension in strings between tendon fibers. Scale
bar corresponds 50 μm. From Kuntz LA, Rossetti L, Kunold
E, et al. Biomarkers for tissue engineering of the tendonbone interface. PLoS One. 2018;13(1):e0189668. Use is per
Creative Commons Attribution License.
than those who did not receive injections.6
Mazzocca has had success using platelet-rich
plasma and thrombin, an enzyme important for
clotting, to create a clot underneath and around
the point of repair during surgical procedures in

fail, says Robert LaPrade, MD, PhD, a complex

the repair is another promising approach. The

the rotator cuff, he says. “Clinically, it’s shown

orthopaedic knee and sports medicine surgeon in

substance is a platelet and growth factor-heavy

some encouraging results,” he says.

Colorado.

plasma isolated from the patient’s own blood—

However, reviews of the clinical literature

which helps ensure its safety—and it’s been

find that there is not sufficient evidence to

like anterior cruciate ligament and patellar ten-

used clinically to treat injuries within tendon and

recommend platelet-rich plasma during surgical

don repair, have high failure rates as well: rates of

ligaments. Platelet-rich plasma contains growth

procedures.7 Clinical evidence to date on Achil-

failure in the patellar tendon have been reported

factors like platelet-derived growth factor and

les tendon repairs, for example, is mixed. One

to be as high as 66%. Failures can result in

insulin-like growth factor-I, which are involved in

study in 30 patients, published in 2016, found

unresolved pain, even years after a procedure, or,

tendon and ligament healing.

that a group treated with platelet-rich plasma

However, procedures in the lower extremity,

4

in some cases, might require additional surgical
procedures.

Innovations in treatment

5

Preclinical studies in animal models have

during and after surgery did not have signifi-

shown that platelet-rich plasma can improve

cantly different outcomes than a group that

healing in Achilles tendon repairs. For example, a

did not receive the plasma.8 However, a second

2015 study in rabbits found that animals treated

2016 study of 36 patients found that a group

Because of the failure rates and the challenges

with injections of the plasma healed with more

treated with the plasma had improved function-

associated with tendon-to-bone reattachments,

collagen fibers and better arrangement of fibers
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Relat Res. 2016;474(12):2611–2618.

says. “If we can define how the body builds the

al outcomes after surgery.9
Mixed results, Thomopoulos says, are due to
the limited research that has been done to date.
“As it stands now, there’s not that much
evidence of efficacy of any of these for tendon-

enthesis from scratch, we’ll have the instruction
manual to get it back in the adult.”

5. Yuan T, Zhang CQ, Wang JH. Augmenting
tendon and ligament repair with platelet-rich
plasma (PRP). Muscles Ligaments Tendons J.

Nicole Wetsman is a freelance writer in New

2013;3(3):139–149.

York City.

6. Allahverdi A, Sharifi D, Takhtfooladi MA,

to-bone repairs,” Thomopoulos says. “Part of the
issue is that they’re very much first generation:
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Correct Poor Crank-arm Fit to Relieve Chronic
Knee (and Hip) Pain
Consider recommending
installation of shorter
crank arms on a bike
when a cyclist complains
of knee or hip pain. After
years of bike-fitting, here’s
why we’ve concluded
that this modification is
invaluable.
By Rick Schultz, MBA, DBA, and Amy
Schultz, PT, DPT, CSCS
One of the biggest problems in bicycling, I’ve
found, is that pain is considered normal.
I (RS) am a master bike fitter and an elite
cycling coach. Roughly half the cyclists who seek

Figure 1: The putative source
of knee pain while cycling.
Hypothesis: Cycling with crank arms
that are too long places too much
stress on the knee at maximum
flexion. Photo by Rick Schultz.

my services complain of chronic knee pain—
pain that has gotten so bad that, if they cannot
get relief, they tell me, they are going to give up
cycling.
Recently, I attended a cycling camp for 40
juniors, 10 to 17 years of age. These camps build
team camaraderie on long, high-intensity rides,
preparing cyclists for the upcoming racing season. I was asked to give a presentation on bike
fit. Halfway through, the team director asked the
campers: “How many of you have experienced

What causes knee pain?
We hypothesize that cycling with crank arms
that are too long places too much stress on the
knee at maximum flexion—ie, at the top of the

able to reach the pedals and, consequently, the
cyclist will need to rock the hips to reach the
bottom of the pedal stroke. The only way to adjust the knee angle at maximum flexion without

pedal stroke (Figure 1). During a bike fit, one

affecting the knee at maximum extension is to

of the main measurements is to place the knee

replace the crankset with shorter crank arms.

at maximum extension (180°) into an accepted

Today, the most popular crank-arm length on

range of 142° to 152° (150° is optimal). To obtain

cranksets installed by bicycle manufacturers is

the maximum extension measurement, the sad-

172.5 mm (roughly, 6.8 in).

dle height is adjusted either up or down. The leg

knee pain when riding—not discomfort, but

at maximum flexion is never considered or mea-

Literature review

actual pain?”

sured by most bike fitters. What causes knee

Existing literature for this topic falls into 3

pain is that the knee at maximum flexion is in a

categories;

Every one of those 40 juniors raised their
hand.
Why do so many cyclists whom I see suffer
from knee pain? Much of the problem exists because most training and certification courses on

hyperflexed position and, being at the top/start

• Effect of crank-arm length on power output.

of the pedal stroke, this is the leg/knee to which

Martin1 determined that, for chosen test

the cyclist is starting to apply full power.

subjects, a (shorter) 145-mm crank arm

In bike-fitting, the belief today is that the

produced the most power, compared to

bike fit don’t educate the fitter on how to solve

saddle should be raised to relieve some knee

120-, 170-, 195-, or 220-mm crank arms

knee pain. Instead, the basic recommendation

pain. But the saddle cannot be raised too much

(Figure 2).

given by instructors is to raise the saddle.

or the leg at maximum extension will not be
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and colleagues2 looked at 14 studies (of

Testing the Hypothesis: The
Real Problem

which only 4 discussed knee pain) and

Every cyclist who comes for a bike fit should

found that 1) the knee is the most common

get checked for both maximum flexion and

joint affected by cycling overuse injury and

maximum extension angles (Figure 1). I find

2) knee pain is reported by 40% to 60%

that every cyclist who comes in complaining of

of recreational cyclists and 36% to 62% of

knee pain exceeds certain values for maximum

professional cyclists.3-6

flexion. Some knee pain is the result of a wrong-

• Crank-arm length versus torque. Johnston

• General cycling and knee pain. The solution
recommended by researchers who discuss
knee pain, in all other papers analyzed, is
to raise the saddle.
As recreation bicyclists continue to cycle,

ly placed cleat or saddle (or both) but, for most
cyclists, the main cause of knee pain is that the
crank arms are too long, thus causing the cyclist’s knee to exceed certain angles. To describe
the problem, I’ve coined the term, “Cyclists Knee
Pain Syndrome,” in which crank-arm length is

Figure 2: Crank-arm length determines maximum power
output. Power produced using 145-mm and 170-mm crank
arms was found to be greater than power produced with
120-mm and 220-mm cranks arms (P < .05). (Power
varied by 4% across test subjects.)1

they will get more fit and stronger; in getting

the largest contributor but other contributors

road cyclist trains at least 3 hours a ride, 5 days

stronger, they will tend to cycle farther and

(ie, syndrome) are ill-fitted cleats which usually

a week. Again, this is a minimum: Professional

longer and push harder on the pedals. This will

place the foot into an unnatural position, placing

cyclists typically train 6 hours a day, 5 or 6 days

lead to overuse injury of the knee, however, and

excessive shear forces on the knees and hips.

a week.

if the bike fit places the knees in a hyperflexed

Once correct-length crank arms are placed, relief

position, this will result in excessive shear forces
on the knee. Professional cyclists ride more than

of pain is often immediate.

tour; if their bicycle is set up with crank arms

Biomechanics of the Knee
When Cycling

that are too long, this will also tend to cause

During each pedal stroke, the knee goes through

120 miles (193 km) a day while racing a grand

knee pain, due to increased shear force on the
knee at maximum flexion.

a revolution of both flexion and extension. Onset of knee pain is often coupled with overuse

To alleviate knee pain, the literature that

and exacerbated by overflexing the knee while

we reviewed recommends, again, only raising

applying a great amount of power. For example,

the saddle. True, raising the saddle diminishes

at a minimum, a typical competitive amateur

the angle of flexion of the knees, but doing so

hours × 5 days a week). When this cyclist is
pedaling, cadence is typically 90 revolutions a
minute. Each training ride, this cyclist’s knees
are completing a full rotation of the crankset
16,200 times (90 × 60 × 3); each week, 81,000
revolutions; each year, 4,212,000 revolutions.
If the knee is even slightly out of adjustment,
the resulting pain can be severe and become
chronic.
As the angle of knee flexion (KF) increases, the patella translates superiorly, increasing

risks other undesirable consequences:

tension force on the patellar tendon. Not only

• Knee fore-aft misalignment. Modern
bicycles have a complex geometry; raising

does the tendon elongate as KF increases, com-

the saddle also forces it into a more

pressive forces at the patellofemoral joint also

rearward position, making another bike fit

increase. (Of note: Compressive forces rise from

necessary.

50% of body weight during normal walking to
300% of body weight during stair-climbing to

• Maximum extension exceeds a tolerable

700% of body weight during squatting, due to

range. Raising the saddle will likely cause

the increase in KF.) The more KF a cyclist has

the leg that is in the power-pushing part of

at the top of the pedal stroke, therefore, the

the pedal stroke to overextend, which can

greater their risk of repetitively overloading the

cause pain at the rear of the knee.
• Pain at the rear of the knee. Having to
reach for pedals can, in turn, cause hips
and lower back to rock, which, likely, will
lead to hip and lower-back pain.
• Power reduction force to the pedals because
the cyclist’s knee angle will likely exceed
the acceptable range (142° to 152°).
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Each week, therefore, a typical competitive
amateur cyclist is on the bicycle 15 hours (3
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patellofemoral joint.
Figure 3: As the loaded angle of the knee increases,
shear forces increase. Greater force is applied to the
patella as the knee becomes more and more hyperflexed.
That, in turn, applies greater force to the articular cartilage.
Image by Rick Schultz.
Abbreviations: Fq, force of the quadriceps; Fp, force of the
patella.
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The greater the loaded angle of the knee,
the greater the shear forces (Figure 3); as the
knee becomes more and more hyperflexed,
greater force is applied to the patella—which,
in turn, applies greater force to the articular
cartilage. The more the knee is hyperflexed, the
Continued on page 35

Presenting our…

New Fall Prevention Brace
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CPT Codes:
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The Ultimate (SB) Stabilizer Brace
functionality is to stabilize gait, improve
postural balance/sway,
provide stabilization in
the ankle joint and to
reduce the risk for falls.
It is anticipated that
the patient will benefit
functionally with the
use of this device. The
custom device is utilized in an attempt to
reduce the mortality/ morbidity of falling.

$295*

Available in 9˝* and 12˝
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more strain there is on the anterior cruciate
ligament, posterior cruciate ligament, patellar
tendon, meniscus, medial collateral ligament,
and lateral collateral ligament.

Entering the “Zones” of
Flexion

and ligaments of the knee; almost all
experience knee pain in this zone.
• Cyclists in the YELLOW zone might
experience knee pain.
• Cyclists in the GREEN zone do not
experience knee pain.

clients have sought relief from knee or hip pain,

What Is a Safe Crank-arm
Length? Why Does Shorter
Work Better?

or both. For most cyclists who experience pain,

Shorter crank arms have several advantages

Of the thousands of bike fits we have completed at Bike Fitness Coaching, roughly 50% of

the pain is in the knees; hip pain usually does
not occur unless the cyclist also is experiencing
knee pain.
As each cyclist is being fit, we record numerous metrics. The most important are:
• Presence of knee pain

over longer crank arms. Consider the advantages created when we replace a crankset that
has 172.5-mm crank arms with a crankset with
165-mm crank arms, thus reducing the crank
arm by 7.5 mm on each side (Figure 4). Using
this example:

• KF angle

• Pain is relieved. Just by installing shorter
crank arms, without any other adjustment,

• Crank-arm length.
For a client who reports knee pain, a new

the knee at maximum flexion is lowered

crankset, with shorter crank arms, is installed

by 7.5 mm. That difference provides

and the client is fit to their new crankset. The

approximately 3° to 4° of relief.

client is instructed to do their usual rides for the

• The zone that the cyclist occupies changes

Figure 4: Effect of changing crank-arm length. In this
example, just by installing shorter crank arms (and making
no other adjustments), the knee at maximum flexion is
lowered by 7.5 mm—providing 3° to 4° of relief. Photo by
Rick Schultz.

next 1 or 2 weeks, then to report back on how

for the better. A bike fitter will always

the new bike fit feels and whether they continue

measure the knee angle of the leg that is

to have knee pain. For almost every client, knee

on-bone impingement follows. In even

at maximum extension. After installing

pain disappears completely by Week 2. In the

shorter crank arms, the cyclist will be

more aggressive positions and angles, the

rare case in which knee pain is still present,

sitting 7.5 mm too low in the saddle; the

the client is sent to a physical therapist or their

first thing the bike fitter will do is to raise

orthopedist; most report back that they have

the cyclist’s saddle by 7.5 mm. By raising

an aggravating condition for persisting knee

the saddle, the knee that is at maximum

pain, including osteoarthritis, a meniscal tear, a

flexion will also be raised, which will

Case Studies: 6 Cyclists
Who Were in the RED

ligament injury, or tendinitis.

lessen the severity of hyperflexion by

All 6 cyclists (designated “A” to “F”) who are

another 3° to 4°. Therefore, if a cyclist’s’

discussed below were in the RED zone prior to

knee is hyperflexed, changing out a 172.5-

the bike fit that I provided for them; all were

mm crankset for a 165-mm crankset will

experiencing acute, severe knee pain. After the

provide approximately 6° to 8° of relief.

bike fit, shorter crank-arm length placed all 6

This will usually move the cyclist’s knees

cyclists into their GREEN (safe) zone.

So, what are the numbers we recorded? To
make it easy for the client to understand, as well
as to make a more dramatic explanation, I have
come up with 3 ranges of angles of KF that I call
“zones.”
These 3 zones of the angle of KF make it
easy for a client to understand what is happening (or what will usually happen) if they
continue to pedal within these zones:

from the RED zone to the GREEN zone.
• Hip flexion is also reduced. This reduction
is especially important for triathletes,
time trialists, track cyclists, and other

RED

YELLOW

GREEN

cyclists who ride seated in an aggressive

(<66° KF)

(66°-69° KF)

(>69° KF)

position, which can cause hip movement

Danger

Caution

Safe

• Cyclists in the RED zone (a hyperflexed
knee) expose themselves to excessive
stress, strain, and shear forces on tendons

cyclist risks damaging the femoral and iliac
arteries.

Cyclists A, B, C, and D below have
responded to me that, even after longer than
2 years of continued cycling, their knee pain
is completely gone. Cyclists E and F continue
to race while still experiencing a slight level of
knee pain. Before long crank arms on all the

or impingement. If the closed hip–torso

cyclists bikes were replaced with shorter crank

(hip closure) angle is too extreme (< 45°),

arms, onset of knee pain was immediate for all

the triathlete first experiences soft-tissue

6 cyclists.

impingement. Going more extreme, bone-
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Note: Cyclists E and F require further
medical investigation because permanent knee
damage might be their problem.
• Cyclist A: 71-year-old male road cyclist, 5’6”
(167.64 cm). He suffered from chronic knee
pain resulting from an anterior cruciate
ligament-related injury, sustained playing
high school football, and subsequent
surgery. He was sized for, and purchased,
a 54-cm road frame assembled from
the factory with 172.5-mm crank arms.
After several weeks of riding, Cyclist A
experienced increasing and chronic knee
pain. He came for a bike fit and was
evaluated using Vari-Cranks (a variablelength crank). Solution: 160-mm crank
arms with a power meter. Pain resolved
immediately and fully. Cyclist A rides his
bike almost every day.
• Cyclist B: 38-year-old female triathlete,
5’0” (152.4 cm). She came for a bike fit
complaining of increasing knee pain.
Her bike was a 49-cm triathlon bicycle
assembled with 175-mm crank arms. She
was evaluated using Vari-Cranks. Solution:
150-mm crank arms. All pain subsided
immediately. Cyclist B actively competes in
triathlons.
• Cyclist C: 65-year-old female road cyclist,
4’10” (124 cm). She had ridden her new bike
only twice (2.5 miles each ride) before giving
up cycling because of severe knee pain.
Three years later, Cyclist C decided to have
a bike fit. She was evaluated using VariCranks. Solution: Stock 170-mm crank arms
were replaced with 145-mm crank arms.
Most knee pain subsided immediately; all
knee pain subsided within 2 weeks. Cyclist

• Cyclist E: 24-year-old male professional
cyclist. He raced when he was 22 and 23
years old but, because of debilitating chronic

and racer, 5’4” (162.56 cm). She developed
osteoarthritis in both knees. The 170-mm
crank arms on her bike caused chronic pain
in both knees. She was evaluated. Solution:
A determination made that the correct crankarm length for her should be 155 mm. After
shorter crank arms were installed, all pain
subsided immediately. Cyclist D rides her
bike 5 times a week.
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crank arms between 175 mm and 200 mm.
In the past, I did use used 175-mm crank

knee pain, hadn’t ridden his bike in a year.

arms but I now ride with 170-mm or 172.5-mm

Solution: Stock 172.5-mm crank arms

crank arms because of chronic knee pain.

were replaced with 165-mm crank arms.
Most pain subsided immediately. Cyclist E

New safe formulas

resumed racing. He still complains of slight

I’ve created Bike Fitness Coaching formulas (Ta-

knee pain; he and I are in discussion about

ble 1) that I believe are closer to ideal—to what

switching to 160-mm crank arms.

a correct and “safe” crank-arm length should be.

• Cyclist F: 22 year old male professional

There are, in fact, 3 formulas:

triathlete and a Category 3 California state

• base (middle)

champion. He complained of chronic

• upper (for a slightly longer crank arm)

knee pain. His road bike and a triathlon

• lower (for a slightly shorter crank arm).

bike had 172.5-mm crank arms. Solution:
Evaluation showed that the road bike should
be equipped with 165-mm crank arms
and the triathlon bike with 160-mm crank
arms. After the crank arms were replaced
with shorter arms, he experienced an 85%
reduction in knee pain over the course of
2 days and a 98% reduction over 10 days.
Cyclist F continues training and racing.

Table 1: Calculating “safe” crank-arm
length: the BFC formulas
Formula

Calculation

Upper BFC

(Inseam × 1.2) + 65.6

Base BFC

(Inseam × 1.2) + 65

Lower BFC

(Inseam × 1.2) + 64

Abbreviation: BFC, Bike Fitness Coaching.
The lower and base formulas were designed

A Solution…

to place cyclists in the safe (GREEN) knee-angle

When I started collecting metrics and looking at

zone. The upper formula is the longest a cyclist

different industry crank-arm length standards,

should consider.

I quickly found that length calculators and

How do these formulas stack up in real life?

formulas are from the 1970’s, which, by today’s

I tested 24 cyclists, whose inseam measurements

standards, yield values that are too long.

ranged from 70 cm (~27.5 in) to 92 cm (~36.25

For example: I am 6’0” (182.88 cm), with a

in), and found that the base and lower formulas

35” (89 cm) inseam. and I use 172.5-mm crank

placed all cyclists into their safe zone (Table 2).

arms on one bike and 170-mm crank arms on

Offering myself again as an example: Taking my

my other bike. When I entered my height and

measurements (height, 6’0” [183.75 cm]; inseam,

inseam into several crank arm-length calcula-

35” [89 cm]), I use either 170 mm or 172.5 mm

tors, the results were that I should use crank

crank arms, which place me in the safe (GREEN)

arms between 173.85 mm and 192.24 mm.

zone in all 3 crank lengths formulas (upper, base,

Because crank arms at those lengths are not

lower). But, I’ve noticed that, if I do use 175-mm
crank arms, I develop knee pain within the next

C rides her bike several times a week.
• Cyclist D: 52-year-old female road cyclist

manufactured, I would need to use between

2 or 3 rides. So, armed with this information, I

“ ...if a cyclist’s’ knee is know never to purchase, or ride, a bicycle with
crank arms longer than 172.5 mm.
hyperflexed, changing out
a 172.5-mm crankset for Equating Bicycle Frame Size
to Safe Crank-arm Length
a 165-mm crankset will Taking this analysis a step further, I’ve created a
provide approximately 6° chart (Table 3) that shows cyclists who are purchasing a new bicycle with a frame size of xy-cm
to 8° of relief.”

Continued on page 39
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crank-arm length did not statistically matter

Table 2: “Road-testing” the 3 BFC formulas

Table 3: Getting to GREEN: Recommended crankarm length when considering frame size

to that study was that it considered average

Crank-arm length

Crank-arm length

power only.) In 2005, Rinard, working at the
Frame size

Road cycling

Triathlon and
time-trial
cycling

shorter crank arms are aerodynamically superior

< 50 cm

< 155 mm

< 150 mm

149.20

to longer ones and 2) shorter crank arms allow a

50-51 cm

155 mm

150 mm

52-53 cm

160 mm

155 mm

Upper BFC
formula

Base BFC
formula

Lower
BFC
formula

70

149.70

149

148

71

150.90

150.20

Inseam

when it comes to power. (The only drawback

bike designer and builder Cervélo, performed
his own study,7 in which he concluded that 1)

72

152.10

151.40

150.40

triathlete or time trial-cyclist to maintain a more

73

153.30

152.60

151.60

open hip angle that is closer to the hip angle of

54-55 cm

165 mm

160 mm

a road position. With shorter cranks, therefore,

56 cm

170 mm

165 mm

74

154.50

153.80

152.80

75

155.70

155

154

triathletes and time-trial cyclists can ride in a

57-62 cm

172.5 mm

170 mm

> 62 cm

175 mm

172.5 mm

76

156.90

156.20

155.20

more aggressive (and yet more comfortable)

77

158.10

157.40

156.40

position, and can stay in that aggressive position

78

159.30

158.60

157.60

longer.

79

160.50

159.80

158.80

80

161.70

161

160

81

162.90

162.20

82

164.10

83

tween crank-arm length and knee pain among
cyclists, based on the angle of KF and corre-

161.20

“No” to a Change in Crankarm Length

163.40

162.40

What should the bike fitter do for cyclists who

165.30

164.60

163.60

are in the RED zone but who don’t want to buy

cycling, despite customers’ often-reported knee

84

166.50

165.80

164.80

a new crankset? For a variety of reasons, there

85

167.70

167

166

are always some clients who will not invest in

86

168.90

168.20

167.20

a new crankset. For them, the bike fitter has 3

87

170.10

169.40

168.40

main choices to present; ultimately, the client

88

171.30

170.60

169.60

will need to choose which option works best for

89

172.50

171.80

170.80

them:

90

173.70

173

172

91

174.90

174.20

173.20

at maximum extension, leaving the other

92

176.10

175.40

174.40

knee angle as is. The cyclist will be good

93

177.30

176.60

175.60

at maximum extension, but “too low in

Abbreviation: BFC, Bike Fitness Coaching.
which crank-arm lengths I recommend they have
installed on that bicycle to place them in the

• Measure and adjust the saddle to the leg

the saddle” at maximum flexion, possibly
causing even more flexion and even more
knee pain.
• Measure and adjust the saddle to the leg

GREEN zone. Following this chart should keep

at maximum flexion, leaving the other

a cyclist in the safe (GREEN) zone. Because

knee angle as is. The cyclist will be good

triathletes ride in a more aggressive position, the

at maximum flexion, but “too high in the

crank arms that I place on a triathlon frame are

saddle” at maximum extension, possibly

usually 1 size shorter than the ones I place on the
same size road frame.

Crank-arm Length and
Generating Power

causing the cyclist to “reach” for the pedals
at maximum extension. This might cause
severe hip rocking and shift pain to the
lower back.
• Measure and “split the difference.” Most
clients choose this option; they are

The common concern I hear from cyclists is

“too high in the saddle” at maximum

“But if I go with shorter crank arms, I’ll lose

extension but still “too low in the saddle” at

power.” This seems to be the main reason

maximum flexion.

cyclists stay with overly long crank arms.
The first study to refute this assertion was
Martin,1 cited earlier, which concluded that

sponding compressive/tension forces. There has
been little field research on knee pain during
pain. Our purpose here has been to close the
gap in the literature on knee pain and crankarm length. The key take-home points are:
• As KF increases, so do forces on the
patellofemoral joint
• Shorter crank arms should, at the least, be
considered when bike-fitting a cyclist who
complains of knee pain.
Rick Schultz, MBA, DBA, is a master bike fitter
and USA Cycling (USAC) Level 2 Coach and
Certified Skills Instructor. He is the owner of
Bike Fitness Coaching, San Juan Capistrano,
California. Amy Schultz, PT, DPT, CSCS, is a
bike fitting educator and is board-certified and
licensed by the State of California in kinesiology
and interdisciplinary studies.
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Wounded Warrior Workforce
Enhancement Legislation Introduced as
Georgia Tech Deactivates MSPO Program
Will Congress act to provide for the ongoing care of
America’s wounded warriors?
By KEITH LORIA AND JANICE T. RADAK
The unfortunate truth: The need for prosthetic and

nearly 40,000 civilian contractors have been

orthotic (P&O) care is growing in this country, thanks, in

physically injured in the recent military conflicts.

part, to events on the other side of the globe—namely,

• In addition to physical wounds, it is estimated that as

unconventional warfare in Iraq and Afghanistan, although

many as 400,000 service members live with combat-

uncontrolled cardiovascular disease and diabetes continue

related stress, major depression, or post-traumatic

to each play their devastating role. Over the past 18 years,

stress disorder, among other mental issues, all of

more than 1,650 US troops have suffered combat-related

which can have an impact on quality of life.

limb loss in Iraq and Afghanistan and another 320,000
wounded warriors have suffered a traumatic brain injury,
many of whom require orthotic care.1

Current P&O education programs graduate approximately 250 professionals a year,1 far fewer than will
be needed to treat the growing population of wounded

Furthermore, consider these facts:2,3
• For every US soldier killed in World War I and World
War II, 1.7 soldiers were wounded.

warriors and civilians. To help address this growing need,
the Wounded Warrior Workforce Enhancement Act,
a bill making its way through each chamber of the US

• For every US soldier killed in Operation Iraqi

Congress, authorizes a competitive grant program to

Freedom and Operation Enduring Freedom, 7 are

help colleges and universities develop or expand master’s

wounded.

degree programs focusing on prosthetics and orthotics.

• Combined, almost 53,000 service members and
Continued on page 44
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“Far too many veterans who sacrificed
limbs for our country experience frustrating
delays in their care because of the shortage of
qualified orthotics and prosthetics specialists,”
said Senator Tammy Duckworth (D-IL) who,
along with Senator Dick Durbin (D-IL), introduced S 1315. “This legislation will help make
sure our workforce is better prepared to meet
the needs of veteran amputees.” A comparable
House bill (HR 2487) was introduced by Rep.
Matt Cartwright (D-PA).
If the bill becomes law, P&O programs that
receive a grant would require students to rotate
through facilities run by the Departments of
Veterans Affairs (VA) or Defense or that hold a
VA contract. The bill also requires the VA to establish a Center of Excellence in Prosthetic and
Orthotic Education to provide evidence-based
research on the knowledge, skills, and training that clinical professionals need to care for
veterans.
“The men and women who serve our
country and suffer serious injuries should expect
nothing less than the highest standard of care

to extend their reach and receive commensurate

the expected attrition rate will likely outpace the

funding and support for their efforts. It is a good

growth in the supply of certified O&P profes-

synergy.”

sionals.”

And a much needed one, as well. Accord-

So, a key goal of the proposed federal leg-

ing to Durbin’s office, the number of veterans

islation is to educate more P&O professionals to

with an amputation has more than tripled, from

do the needed research to develop appropriate

25,000 in 2000 to almost 90,000 in 2016. This

clinical therapies for our wounded warriors.

1

upsurge is not only as a result of service-related
injuries stemming from the changing nature of

Georgia Tech Deactivates

war—such as the increasing use of improvised

Meanwhile, in May 2018, Georgia Institute

explosive devices and medical advances that

of Technology (Georgia Tech) deactivated its

help save more lives—but also a consequence

Masters of Science in Prosthetics and Orthot-

of such illnesses as diabetes and cardiovascular

ics (MSPO) program, which was one of the

disease. Skilled medical care and rehabilitation

highest-ranking programs for P&O and had

and advancements in orthotics and prosthetics

noted experts (including Robert Kistenberg,

have allowed these service members and veter-

Geza Kogler, Young-Hui Chang, Boris Prilutsky,

ans to thrive. Youth and nonprofit groups that

and Robert J. Gregor) all associated with its

engage wounded warriors in sports have also

success. Deactivation means the school has 2

played a role.

years to determine how it will proceed: close the

However, the Bureau of Labor Statistics

4

P&O program altogether, reimagine it, or send

reports that employment of orthotists and

it to a new home. At press time, Georgia Tech

prosthetists is projected to grow 22% from 2016

was still seeking a new home for the program in

to 2026—much faster than the average of all

Georgia’s university system.

occupations. Meanwhile, demand is expected to

From its inception, the Georgia Tech

grow even faster. According to a 2015 workforce

MSPO program sought to advance the P&O

analysis,5 demand for P&O professionals will be

profession and care for those who use prosthetic

about 60% higher than the available supply of

and orthotic devices by conducting rigorous

certified providers. The authors of that analy-

academic level research. In only 16 years, Geor-

sis note that demand is based on the growing

gia Tech’s program established itself as a leader

number of patients (aging Baby Boomers as well

and a leadership producer in the profession of

as a greater number of veterans) and supply is

P&O and became the first entry-level Master of

heroes.”

based on the graduation rate minus the attrition

Science degree program accredited by Commis-

rate. The authors conclude: “With relatively few

sion on Accreditation of Allied Health Edu-

A Synergistic Opportunity

O&P education programs currently available,

cation Programs. Deactivation also forced the

when they come home,” said Durbin. “Senator
Duckworth and I have seen the work Illinois
researchers and scientists can do in the field of
orthotics and prosthetics, and to say it’s remarkable would be an understatement. We should
be doing everything we can to advance this
groundbreaking work, which supports America’s

loss of the entry-level PhD program in applied

Christopher Hovorka, PhD, CPO, LPO, FAAOP, assistant professor in the Department of
Rehabilitation Science and Technology at the
University of Pittsburgh, calls the bill an important opportunity for schools in P&O across the
United States.
“Since the 1980s, funding for schools
across the nation (including P&O programs) has
been shrinking at an alarming rate,” Hovorka
said. “Today, P&O programs are almost completely reliant on tuition and fees to keep afloat.
So, the Wounded Warrior Workforce Enhancement legislation is a mechanism in which P&O
schools can partner with DoD and VA facilities

physiology with a focus in P&O. Leaders in the

“Far too many veterans
who sacrificed limbs for
our country experience
frustrating delays in their
care because of the shortage
of qualified orthotics and
prosthetics specialists”

field, including Hovorka, believe the loss of both

Senator Tammy Duckworth (D-IL)

in 2002 and was accredited in 2004, it became

programs will reduce the number of clinicians
and researchers entering the profession.
“In a profession where the body of knowledge is in its infancy and slowly maturing due
to the small pool of scientists that are examining existing knowledge and developing new
knowledge, I see the closure as slowing that
progression,” Hovorka said. “Another thing to
consider is that the entry level Master’s program
at Georgia Tech was pioneering. When it began

Continued on page 47
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With relatively few O&P education programs currently
available, the expected attrition rate will likely outpace the
growth in the supply of certified O&P professionals.
the first program of its kind.”

“Without our expertise, these projects may end,

“The program was a symbol as the first

or they may go in directions that are not benefi-

and one of the main drivers to improve P&O

administrations. And with those new admin-

cial to the P&O field. They might slow to a pace

education in the United States, or at least pro-

istrators come new visions. Georgia Tech’s

in which we delay important breakthroughs that

vide a model to improving,” he said.

decision to move more toward basic science has

could change patients’ lives. All we do know is

meant that applied programs, such as P&O,

they will lack a point of view and skill set only

at the Military Performance Lab, Center for the

are no longer a good fit, leading, ultimately, to

we can provide.”

Intrepid, Brooke Army Medical Center in Fort

But times change, and so do university

deactivation.

Fink was part of the effort to change the

W. Lee Childers,* PhD, CP, senior scientist

Sam Houston, was a product of this emphasis

minds of Georgia Tech’s leadership, and worked

and is now able to serve those who have served

Kogler, PhD, CO, and Kinsey Herrin, another

on revamping the entire program, integrating

our country by leading the research mission.

certified orthotist at Georgia Tech, have been

into other schools, adding more students,

working with other universities in the Atlanta

adding new classes, offering classes to other

charged with conducting scientific research to

metro area and the State of Georgia to find a

degree programs and students, and showing the

enable readiness and return service members to

new home for the program. Kogler told LER

program’s success in producing graduates who

high function after extremity trauma.

that, although there is interest from other

are leaders in the field overall.

The director of the program, Géza F.

Today, Childers, with a dedicated staff, is

“When we are able to show that a new

“It appears that, in the eyes of the admin-

prosthetic technology is superior to another, we

istration, we are no longer a good fit at Georgia

are able to inform practice within the Center for

Tech and there is nothing we can do about that

the Intrepid long before the data is published,”

in 2 years, the president of the institution needs

at this point,” Fink said. “We have made the

Childers said. “All I need to do is just walk

to decide if they will reactivate it or terminate

community and alumni aware of the state of

upstairs and tell the chief of prosthetics what we

it, and that’s the point where we are at right

the program and asked for their support in the

discover in the research lab. This is exactly what

now,” Kogler said. “The fact that there are no

matter.”

I wanted to do with my career and the Georgia

schools, the process of program transfer is complex and will take considerable time and effort.
“The program officially is paused and with-

signs my contract will be extended past the end

Tech program and its faculty was instrumental

of December tells me that, even though it’s not

It Was a Game Changer

official, the program will be terminated as there’s

If you look across the nation—in professional

efits our service members that have sustained

only myself and one faculty member remaining.”

P&O organizations, universities, research cen-

limb trauma.”

in putting me on this path that ultimately ben-

ters, and the management of practices large and

All the experts who spoke with LER made

small—you see that many of those positions are

it clear that the Georgia Tech program sparked

Christopher Fink, MSPO, CPO/L, residency

led by alumni of the Master’s and PhD programs

greater discussion and consideration for change

director for Fillauer Orthotics and Prosthetics,

at Georgia Tech.

in the education and professional standards

Fostering Teamwork
Chattanooga, Tenn., finished the program in

Benjamin Lucas, program coordinator for

2009 and went on to teach at Georgia Tech.

prosthetics and orthotics at the University of the

He noted that the program built relationships

Sunshine Coast in Australia, was a member of

with other faculty and professors throughout

the inaugural class of the Georgia Tech program

the university who are now performing research

in 2002. He noted that the uniqueness of the

related to P&O.

program was its strong focus on research for

“Many of these projects require the unique

the students, which tended, at least initially, to

clinical expertise of a prosthetist or orthotist to

attract students who were most likely to pursue

create appropriately fitting devices,” Fink said.

leadership positions.

lermagazine.com

for clinicians in the profession. By 2005,
discussions with members of the leadership
*Disclaimer: The view(s) expressed herein are those
of the author(s) and do not reflect the official policy or
position of the Brooke Army Medical Center, the US
Army Medical Department, the US Army Office of the
Surgeon General, the Department of the Army, the Department of the Air Force and Department of Defense
or the US Government.
Continued on page 48
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for it, rather than just say we were going to

The P&O program at Georgia Tech

in P&O led to raising the entry-level from a

prepared clinicians with science-based train-

baccalaureate to a master’s degree, making it a

shut it down,” he said. “The deactivation was

ing employing methods that encouraged

clear game-changer for the landscape of P&O

the first step to explore opportunities to find an

evidence-based rationale in decision-making.

education in the United States.

academic home and we’ve been looking within

Hovorka noted that, with the closure of the

the university system of Georgia, and that’s the

program, there will be a noticeable gap in that

hope that it will find a new home.”

Furthermore, in 2005, when the entry-level
PhD program in applied physiology, with a focus
in P&O, was initiated, it became the first pre-

type of clinician entering the workforce.
“That is not to say that the existing P&O

doctoral training program that received support

programs are not doing their job—they are, but

from the National Institutes of Health (NIH) to

each program has a slightly different focus and

prepare scientists with specific focus in P&O.

the program at Georgia Tech had a strong com-

Successful implementation of that pioneering

bination of clinical training and science,” Hovo-

program also sparked discussion across the

rka said. “That will be missed by the profession

nation.

and, hopefully, it will sound an alarm that will

“The PhD programs at Georgia Tech were
strengthened by each other. The PhD program allowed scientists to learn clinically important prin-

bring the P&O community closer together.”

Georgia Tech’s Response

What Georgia Tech does as a whole, he
added, is more technological in focus, where
this master’s program was more clinical in focus.
That’s one of the reasons the university made
the decision. For example, the school is working
with veterans and others to create and build robotic limbs to enhance the movement of existing
prosthetics using such tools as ultrasound technology, and is invested on the technology side.
“The master’s program is very much

ciples and the master’s degree program allowed

Lance Wallace, director of issue management

focused on patient care and fitting prosthetics

clinicians to examine ways of answering research

and interim assistant vice president of creative

and orthotics to patients, very important and

questions,” Hovorka said. “It was a strong synergy

strategy and brand management at Georgia

not something we want to discount in any way,

that the NIH supported, and the profession of

Institute of Technology, explained the program

but we want to find a home that matches that

P&O warmed up to after they began to see how

was originally set for deactivation in 2017, paus-

clinical environment best,” Wallace said. “We

capable its graduates were in clinical patient

ing the program to evaluate it.

remain committed to the research and are not

management and problem solving.”

“We felt we needed to find a good home

backing down from that.”
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Filling a Need
Childers noted that prosthetic and orthotic technology is advancing rapidly, thanks to a more
highly educated workforce that is able to adapt
advances in technology to patients. This, in turn,
drives the need for a more educated workforce
that knows how to utilize those advanced technologies that enable wounded service members
to achieve high function.
“The Georgia Tech program was the first

practice in clinics across the country. Then, they

riors. Huffington Post. December 6, 2017.

contribute back to the profession through facili-

www.huffpost.com/entry/caring-for-our-

tating and conducting research, much of which

wounded-wa_b_10134780. Accessed August

helps service members and veterans.

14, 2019.

Passage of the Wounded Warrior Workforce Enhancement Act would allow P&O
programs to continue to graduate clinicians
whose clinical training and scientific research
capabilities are ready to meet the needs of active
service members, veterans, and civilians.

3. Congressional Research Service. US war
costs, casualties, and personnel levels since
9/11. April 18, 2019. https://fas.org/sgp/crs/
natsec/IF11182.pdf. Accessed August 14, 2019.
4. Bureau of Labor Statistics, US Department of
Labor. Occupational outlook handbook: ortho-

MSPO program and drove positive change in

Keith Loria, a freelance writer in Washington,

tists and prosthetists. April 12, 2019. www.bls.

our profession. It attracted young, eager, and

DC. He has been writing for LER for 5 years.

gov/ooh/healthcare/orthotists-and-prosthe-

smart students that were hungry to advance care

Janice T. Radak is the Editor of Lower Extremity

tists.htm. Accessed August 14, 2019.

for people that needed prosthetic and orthotic

Review.

devices,” Childers said. “They were educated to
appreciate and understand the role of research
and evidence-based practice to provide the best

5. DaVanzo JE, El-Gamil A, Heath S, et al. Pro-
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A Common Class of Antibiotics Can Lead to
Tendon Rupture
Despite Black Box
warning for risk of
tendinitis and tendon
rupture, clinicians
continue to prescribe
fluoroquinolones.
By Nicole Wetsman
Half of the musculoskeletal injuries in the United
States each year involve tendons and ligaments,
and of the tendon injuries that can occur, those
that strike the Achilles tendon are the most
common. Higher rates of participation in physical
activity and sports, and participation in such
activities later in life, have driven an increase in
Achilles tendon injuries over the past decades.1
Recovery can be a long process, and for a full
rupture, can take up to a year.
Many risk factors for Achilles injury or
rupture come from physical factors—like ankle
instability, excessive exercise, or calf muscle
weakness. However, risk factors can also come
from inside the medicine cabinet: in particular,
data show that a class of antibiotics, called fluoroquinolones, increases the chances that a patient
can injure their Achilles tendon.
“There’s a significant association between
their use and tendinitis and tendon rupture,” said

Right Achilles tendon rupture in a patient with bilateral, spontaneous Achilles rupture while prescribed steroids and
fluoroquinolones.3 (Use is per Creative Commons Attribution License.)

Nick Daneman, MD, FRCPC, MSc, a scientist
studying infectious diseases and antibiotics

fever and was diagnosed with cholangitis, an in-

warnings about the risk of the drug, and sued

at Sunnybrook Research Institute in Toronto,

flammation of the bile duct. He was prescribed a

after the agency did not respond to its petition. In

Canada.  

course of levofloxacin, which is a fluoroquinolone

2008, the FDA added a Black Box warning—the

antibiotic, and experienced an Achilles tendon

strictest warning that can be added to a drug—to

rupture 5 days later.2

fluoroquinolones, noting that they can cause

While the reasons that these antibiotics are
linked to tendon injury are still under investigation, experts say they present a significant

“It’s a well-known complication,” Daneman

enough risk that physicians should keep the

said. The risk of fluoroquinolone antibiotics had

association in mind when prescribing these

not been identified during initial investigation

drugs and working with patients who experience

of the drug before it was approved by the Food

tendon injuries.

and Drug Administration (FDA) more than 30

Elevated Risk

years ago. However, once the drug was in clinical
use, tendon rupture and tendinitis were reported

In one case study published in 2018, a 71-year-

by patients. In 2006, the FDA-watchdog group

old man receiving chemotherapy presented with

Public Citizen petitioned the agency to mandate

lermagazine.com

tendinitis and tendon rupture.
“From November 1997 through December
2007, there have been 407 reported cases of
tendon rupture and 341 cases of tendinitis in
patients using fluoroquinolone antibiotics. Because only a small fraction of cases are typically
reported to the FDA, the actual number of ruptures and other tendon injuries attributable to the
Continued on page 52
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been prescribed at least one fluoroquinolone. The

of infections, noted Daneman. “When prescribing

antibiotic is much higher,” Public Citizen wrote in

study, published in 2015, confirmed that patients

antibiotics, you always have to weigh the benefits

a statement in 2008.

taking fluoroquinolones were more likely to have

against the risks,” he said. One of the best ways

tendon ruptures than those who did not, and also

to avoid the risks is good antibiotic stewardship

tendon rupture and fluoroquinolones in 1983,

found that patients taking those drugs were more

and responsible antibiotic prescribing practices

research has consistently identified a relationship

likely to experience aortic aneurysms.11

in general. “The main way to put this knowledge

4

Since the first case study was published on

between the two. A 2002 study of lung cancer

Daneman said that other conditions that

into practice is to avoid prescribing fluoroquino-

patients showed that fluoroquinolones carried

involve collagen might be a subject for future

lones to patients who don’t need antibiotics,” he

nearly 4 times the risk of tendon rupture than

research on the effects of fluoroquinolones.

said. “The most upsetting thing would be to have

other types of antibiotics, and a 2007 study

“There are many serious problems that tie back

a severe complication in a patient who didn’t

showed that patients taking the drugs are 3 times

to collagen,” he said.

need an antibiotic in the first place.”

not taking the drugs. However, despite the

Applying the data in the clinic

lones has largely been in the general population,

increased relative risk, tendon rupture—and ten-

While the Black Box warnings help inform phy-

Daneman said that physicians might be able to

don rupture associated with these antibiotics—is

sicians who prescribe antibiotics of the potential

look for co-existing conditions or other risk fac-

rare. In a 1996 study of 3 fluoroquinolones, the

risk factors that come with fluoroquinolones,

tors when deciding if antibiotics are an appropri-

injuries occurred at a rate of 2.4 incidences per

tendon injury or ruptures are still rare enough

ate choice for a particular patient. For example, if

10,000 patient prescriptions (tendinitis) and 1.2

that clinicians might not recognize an antibiot-

a patient was also taking steroids—which are a

5

more likely to rupture their tendon than patients
6

While research on the risk of fluoroquino-

incidences per 10,000 patients (tendon rupture).

ic-related injury if they’re presented with one.

risk factor for tendon rupture—physicians may

A new meta-analysis found that people taking

“You could prescribe a lot of antibiotics without

not want to add an additional risk factor by pre-

fluoroquinolones had 2½ times the risk of a

encounters with this,” Daneman said. “When

scribing fluoroquinolones. One study, published

tendon rupture and nearly 4 times the risk of

something occurs on the order of 1 in 10,000,

in 2003, found that elderly patients also taking

tendinitis.

you might not see it. It becomes much more real

oral corticosteroids were at the highest risk of

when you see a case.”

tendon rupture.12

7

8

Despite the relative rarity, John Mozena,
DPM, PC, FACFAS, a podiatrist and surgeon

Mozena thinks that tendon injuries related

Doctors could also consider if a tendon

based on Oregon says that it’s something he

to antibiotics are underreported, which also

rupture would have an impact on a patient’s occu-

looks for in patients. “One of the first things

contributes to lower counted case rates and less

pation, Daneman said, and people who regularly

I think about when patients come in with

recognition from physicians. “What the mind

put strain on their tendons, like athletes, might

tendinopathy is if they’ve been on antibiotics re-

doesn’t know, the eyes can’t see,” he said. “If

not want to add the additional risk.

cently,” he said. “It’s surprising how many times

you’re not aware of it, you wouldn’t recognize it or

the answer is yes.”

let patients know.”

While the mechanisms by which fluoro-

For Mozena, pharmaceutical companies

Mozena also said that physicians might
think twice about prescribing these drugs to
athletes. “In my experience, many clinicians

quinolones disrupt tendons are not fully under-

and the FDA should play a more active role in

overprescribe antibiotics for athletes to try and

stood, research in cell lines and animal models

disclosing risks and tracking these complications.

get them back to sports. In reality, it might be

indicate that they impact gene expression in cells

“There needs to be a better way for physicians to

causing additional problems,” he said.

that make up tendons. One study in rats, for

report them,” he said. “And how can you report if

example, found that treatment with the antibiot-

you’re not aware?”

ics led to cellular degeneration in the tendons;9
other research has found that the antibiotics

Despite risks, though, fluoroquinolone antibiotics remain important tools for the treatment

increase the expression of certain enzymes that

Because they likely impact collagen,
fluoroquinolones might have an effect on other
parts of the body with a large amount of collagen.
“The aorta has the same collagen,” Daneman
said. “We asked the question—is there an
association between these antibiotics and aortic
aneurysms?” Daneman analyzed data from more
than 650,000 patients over age 65 who had

52
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guidelines around the use of fluoroquinolones in
athletes: 13
• fluoroquinolones should not be
administered along with steroids,

break down collagen—which makes up 70% of
tendons.10

Researchers have proposed specific

“One of the first things I
think about when patients
come in with tendinopathy
is if they’ve been on
antibiotics recently.”
John Mozena, DPM, PC, FACFAS
lermagazine.com

• athletes and coaches should be made aware
of the risks, and
• athletes should be monitored for one month
after taking the antibiotics.
Continued research on fluoroquinolones
would help physicians to understand which
patients should take the antibiotics for various
infections, and which should avoid them. UnderContinued on page 55
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standing the mechanisms by which the drugs act

4. Tanne JH. FDA adds “Black Box” warning

9. Shakibaei M, Stahlmann R. Ultrastructure of

on tendons might also help reduce risk. “If people

label to fluoroquinolone antibiotics. BMJ.

Achilles tendon from rats after treatment with

could determine the exact cellular mechanisms

2008;337:a816.

fleroxacin. Arch Toxicol. 2001;75:97-102.

that cause this, we might be able to develop
ways to prevent it, and ways to mitigate risk,”
Daneman says. “It would be helpful to know if
a subset of patients are at a particular risk, and
where the risk-benefit ratio would shift in favor of
not treating with these drugs.”

5. Chhajed PN, Plit ML, Hopkins PM, et al.

10. Tsai WC, Hsu CC, Chen CP, et al. Ciprofloxa-

Achilles tendon disease in lung transplant

cin up-regulates tendon cells to express matrix
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metalloproteinase-2 with degradation of type I

Respir J. 2002;19:469-71.

collagen. J Orthop Res. 2011;29:67-73.

6. Sode J, Obel N, Hallas J et al. Use of fluro-

11. Daneman N, Lu H, Redelmeier DA. Fluo-

quinolone and risk of Achilles tendon rupture:

roquinolones and collagen associated severe

Nicole Wetsman is a freelance writer in New
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adverse events: a longitudinal cohort study.

York City.

Pharmacol. 2007;63:499-503.
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INDUSTRY SNAPSH

Noteworthy products, association news, and market updates

FLEXINFIT SENSORIZED
SOLE SYSTEM

6 device categories related to lower extremity
care: ankle-foot/knee-ankle-foot orthoses, knee
orthoses, lower limb prostheses, orthopedic
footwear, surgical dressings, and therapeutic
shoes for persons with diabetes.
The DME MACs issued a joint publication on December 6, 2018, which provided
instructions for the usage of RT and LT
modifiers. The instructions apply when 2 of
the same items or accessories with the same
Healthcare Common Procedure Coding System
(HCPCS) codes are provided on the same

FlexInFit, for the evaluation of foot pressure
inside the shoe, completes the biomechanical
and postural analysis in conjunction with the
freeMed platforms and Runtime treadmill from
Sensor Medica. With 214 sensors in each shoe,
the system precisely analyzes foot pressure in
real time and can record data for up to 4 hours.
FlexInFit is a versatile tool with many applications, for many professions: from the foot
specialist who wants to integrate a gait analysis
system to the physiotherapist who wants to
check the real results of therapy, and from the
athletic trainer interested in the study and improvement of sports movements to the physician
interested in assessing pressure points inside
the shoe to prevent the formation of ulcers in
diabetic patients. FlexInFit can also be used to
determine the efficacy of orthotic correction. The
device is wireless and junction-box free to avoid
interference with natural movements.
Sensor Medica
208/561-2286
sensormedicausa.com

date of service and the items are being used

T

The soft, anatomically shaped Visco-GEL 5ToeBuddy from PediFix was inspired by the
popularity of the original ToeBuddy. The 5-ToeBuddy separates all five toes, both in shoes, and
for shoeless toe stretching. The device helps
relieve common toe problems and foot pain,
such as crooked, overlapping toes that rub; between-toe irritations; corns; hammer toes; sore
toe tips; and other similar conditions. The 5-ToeBuddy is available to doctors and patients from
leading industry distributors. It is available in a
single-sized pair: one right and one left. Contact
Christopher Case at PediFix to order, get more
information, or request a free sample.

bilaterally. This change took effect for claims
with dates of service on or after March 1, 2019.
Claims not submitted in this manner will be
returned as unprocessable, and then will have

PediFix
800/424-5561
pedifix.com

to be resubmitted. Unprocessable claims do not
have appeal rights and cannot be reopened or
adjusted.
CGS stated that in July, 17% of Jurisdic-

CMS ISSUES DMEPOS
PROPOSED RULE

tion B claims and 13% of Jurisdiction C claims

The Centers for Medicare and Medicaid

would have been rejected with the outdated

Services (CMS) has released a proposed rule

instructions, and is reminding practitioners to

containing updates to the Durable Medi-

review these instructions and their claims prior

cal Equipment, Prosthetics, Orthotics, and

to submission.

Supplies (DMEPOS) regulations. CMS also

To read the joint publication, Correct

published a fact sheet outlining several major

Coding –RT and LT Modifier Usage Change, go

provisions in the rule, which are summarized

to cgsmedicare.com/jc/pubs/news/2018/1218/

below:

cope10157.html. To access the full list of

• This rule proposes to establish a

affected HCPCS codes, visit cgsmedicare.com/

gap-filling methodology in regulations for

jc/pubs/news/2019/05/cope12669.html.

pricing new items and services for durable
medical equipment, prosthetic devices, orthot-

VISCO-GEL 5-TOEBUDDY

ics, surgical dressings, and custom molded
shoes, extra-depth shoes, and inserts, and
for parental and enteral nutrients (PEN) and

DME MAC ISSUES
REMINDER ABOUT RT
AND LT MODIFIER USAGE

medical supplies, including splints and casts

CGS, the Durable Medical Equipment Medi-

es decrease within 5 years of establishing the

care Administrative Contractor (DME MAC)

initial fee schedule amounts.

and intraocular lenses inserted in a physician’s
office. A one-time adjustment to the gap-filled
fee schedule amounts will be made if such pric-

• This proposed rule would streamline the

for Jurisdictions B and C has issued a reminder regarding billing right (RT) and left (LT)

requirements for ordering DMEPOS items. It

modifiers on separate claim lines. There are

would also develop one Master List of DME-
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POS items potentially subject to a face-to-face
encounter, written orders prior to delivery, and/
or prior authorization requirements. According
to several sources, the current Master List
includes 82 L-codes that are subject to prior
authorization, and with this proposed rule, that

in their arsenal to treat common foot ailments
due to foot fatigue and overuse injuries associated with athletics.
Edensoles
edensoles.com

list would expand to include 144 new L-codes.
Comments on the proposed rule are
due September 27, 2019, and can be submitted electronically at regulations.gov/document?D=CMS-2019-0110-0001 or by visiting
regulations.gov and searching for CMS-1713-P.
To read the full text of the rule, visit
s3.amazonaws.com/public-inspection.
federalregister.gov/2019-16369.pdf. To read the
CMS fact sheet summarizing major provisions
in the rule, visit cms.gov/newsroom/fact-sheets/
end-stage-renal-disease-esrd-and-durablemedical-equipment-prosthetics-orthotics-andsupplies-dmepos.

EDENSOLES WITH
DYNAMIC CUSTOMIZATION
TECHNOLOGY

Edensoles is a plush insole system that utilizes
Dynamic Customization, a smart, moldable
polymer encapsulated in a polyurethane bladder
under the heel and longitudinal arches of the
foot that actively adapts to changes of the foot
position, step after step. The bladder is sandwiched between an antimicrobial top fabric and
a durable polyurethane bottom layer. Edensoles
come in two thicknesses. The 8mm version fits
comfortably in hiking boots, trekking shoes,
and basketball shoes. The 5mm insole fits most
running shoes and provides adaptive cushioning
even in dress and dress-casual shoe designs.
According to the company, Edensoles offer a
unique functional insole that clinicians can use

elderly and individuals with impaired mobility.
A team led by Sunil Agrawal, PhD, professor
of mechanical engineering and of rehabilitation
and regenerative medicine at Columbia Engineering, has demonstrated the benefit of using
an autonomous robot that “walks” alongside
a person to provide light-touch support, much

FORMFIT PRO 3D KNITTED
ANKLE SUPPORT

as an individual might lightly touch a compan-

Össur’s Formfit Pro
line of 3D compressive knit solutions,
including the Formfit Pro Ankle, is
designed for people
who may be suffering from different
musculoskeletal
conditions or ailments, yet want to
remain active. This
compressive ankle
sleeve has 2 integrated malleoli pads for targeted
support and cushioning. It is indicated for ankle
conditions that may benefit from compression, such as rehabilitation, mild sprains and
strains, and mild instability. The dynamic 3D
MotionTech knit is supportive and meets certified medical-grade compression requirements.
The knit’s moisture wicking and breathability
characteristics allow the ankle to stay cool, while
CoolVent technology in the area in front of the
ankle enhances breathability and comfort. Össur
Formfit Pro Ankle is available in blue or black
and comes in a range of sizes, from extra small
to extra large.

lowing Light-Touch Device during Overground

ion’s arm or sleeve to maintain balance while
walking. Their study, Effects of a Person-FolWalking with Visual Perturbations in a Virtual
Reality Environment, was published in the
IEEE Robotics and Automation Letters.
“Often, elderly people benefit from light
handholding for support,” explained Agrawal,
who is also a member of Columbia University’s
Data Science Institute. “We have developed a
robotic cane attached to a mobile robot that automatically tracks a walking person and moves
alongside. The subjects walk on a mat instrumented with sensors while the mat records
step length and walking rhythm, essentially the
space and time parameters of walking, so that
we can analyze a person’s gait and the effects of
light touch on it.”

Össur
800/233-6263
ossur.com

ROBOTIC CANE IMPROVES
STABILITY IN WALKING
A team of researchers at Columbia (University) Engineering have added electronics and
computation technology to a walking cane

(Left) A view of CANINE. (Top right) The virtual
environment. (Bottom right) The experimental
setup, with a subject wearing the VR headset and
maintaining light touch contact with CANINE.
Photographs courtesy of Danielle Stramel and Sunil
Agrawal/Columbia Engineering.
The light-touch robotic cane, called

to transform it into a robotic device that can

CANINE, acts as a cane-like mobile assistant.

provide light-touch assistance in walking to the

The device improves the individual’s proprio-
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ception during walking, which in turn improves
stability and balance.
“This is a novel approach to providing
assistance and feedback for individuals as

Scotland, and has been appointed for his insight
and leadership in the prosthetics sector. Touch
Bionics was acquired by Össur, Reykjavik,
Iceland, in 2016.

CURBELL O&P PROCOMP
SHEET

they navigate their environment,” said Joel
Stein, MD, Simon Baruch Professor of physical
medicine and rehabilitation and chair of the
department of rehabilitation and regenerative
medicine at Columbia University Irving Medical Center, who co-authored the study with
Agrawal. “This strategy has potential applications for a variety of conditions, especially
individuals with gait disorders.”
To test this new device, the team fitted 12

A clinician collects data from the socket using the
INSIGHT app. Photograph courtesy of Adapttech.

healthy young people with virtual reality (VR)
glasses that created a visual environment that
shakes around the user—both side-to-side and
forward-backward—to unbalance their walking
gait. The subjects each walked 10 laps on the
instrumented mat, both with and without the
robotic cane, in conditions that tested walking
with these visual perturbations. In all virtual
environments, having the light-touch support
of the robotic cane caused all subjects to narrow their strides. The narrower strides, which
represent a decrease in the base of support
and a smaller oscillation of the center of mass,
indicate an increase in gait stability due to the
light-touch contact.
“The next phase in our research will be
to test this device on elderly individuals and
those with balance and gait deficits to study
how the robotic cane can improve their gait,”
said Agrawal, who directs the Robotics and
Rehabilitation (ROAR) Laboratory. “In addition, we will conduct new experiments with
healthy individuals, where we will perturb their
head-neck motion in addition to their vision to
simulate vestibular deficits in people.”

ADAPTTECH GEARS UP
FOR US LAUNCH
Biomedical startup Adapttech, Birmingham,
England, announced that it has appointed Stuart Mead as chairman ahead of the company’s
launch in the United States later this year. Mead
is the former CEO of Touch Bionics, Livingston,
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Adapttech has also announced that its
technology for improving the fitting of lower
limb prostheses has been granted a decision as
a Class I medical device by the US Food and
Drug Administration (FDA). The company’s
INSIGHT system has already undergone user
testing in Europe, where it was demonstrated
to reduce the time taken for fitting and patient
evaluation when fitting residual limb sockets. It
is now being used in an outcome study at two
prosthetic clinics in the US ahead of its commercial launch later this year.
INSIGHT combines laser scanning, wearable technology, and a mobile app to make it
faster and easier to correctly fit lower-limb prostheses and monitor a patient’s entire rehabilitation process. The laser scanner creates a 3D
model of the socket in less than 90 seconds; the
wearable device uses sensors to gather real-time
data between the residual limb and the socket
to pinpoint exactly where issues are occurring,
and; the mobile app shows the clinician where
issues are occurring in the 3D model, and also
allows results to be registered and assessed at
any time and in any place.
“We are delighted to welcome Stuart to
the Adapttech team,” said Peter Dines, COO
and head of life sciences and biosciences at
Adapttech’s lead investor, Mercia Asset Management, Birmingham, England. “As the company
moves into its commercialization phase, we
wanted to find a business leader with specific
expertise in the prosthetics sector, and there
are very few people in the world who are as
well-qualified as Stuart for this role.”

lermagazine.com

ProComp Sheet is part of Curbell O&P’s new
lineup of O&P materials. ProComp Sheet is an
innovative, carbon fiber–reinforced polypropylene material that is 25% stiffer than standard
homopolymer polypropylene. Layers of carbon
fibers are infused between layers of homopolymer polypropylene, which results in zero carbon
fiber strand protrusion when finishing. As a
thermoplastic, ProComp is easily adjusted with
heat. This makes it easier to fine-tune orthoses
and prosthetic check sockets, leading to a more
comfortable fit than standard laminated carbon
sockets. ProComp also offers improved structural integrity, a high melt strength, less cold
flow (creep), and no shrinkage due to carbon
fiber. The sheets come in 5 sizes, and are available in 4 thicknesses.
Curbell Plastics
800/553-0335
curbellplastics.com

ÖSSUR TO ACQUIRE
COLLEGE PARK
INDUSTRIES
Össur, Reykjavik, Iceland, has signed an
agreement to acquire College Park Industries,
Warren, MI, a global provider of lower- and
upper-limb prostheses and supporting services.
College Park has over 140 employees and
shows 2018 total sales of $22 million.
College Park will largely remain independent and continue to serve its customer base,
while allowing the combined entity to achieve
strategic efficiencies. Össur is committed

to growing the College Park brand over the
coming years both in the US and international
markets. Together, both companies will be
well-positioned to enhance their offerings in
both lower- and upper-limb prostheses. With
this acquisition, Össur hopes to support College Park’s focus on the lower active population

an added layer of protection and can be worn
under any socks or in any shoe or sandal for
extra mobility.
ING Source
877/647-0386
ingsource.com

and further strengthen its established presence
in the upper-limb arena. Mutual access to
technology and products will enable a more
comprehensive product and service offering to

the medical device field with focused capacity
in general commercial and management roles.
She started her career in accounting and has
since held roles such as president and CEO
of LEO Pharma, Madison, NJ, and president
of Mölnlycke Health Care US, Norcross, GA.
She joins SIGVARIS GROUP from DermaRite
Industries, North Bergen, NJ, where she was

DYNAMIC DUO BALANCE &
STABILITY TRAINERS

customers.

chief commercial officer. Osborne holds a bachelor of arts in mathematics and French from
Colgate University and a master of science in
accounting from New York University Stern

The transaction will be financed through

School of Business.

existing loan facilities and does not affect
the existing share buyback program. Closing

CORE PRODUCTS
ADJUSTABLE HEEL LIFT

is expected later in 2019 subject to closing
conditions and regulatory review. The acquisition will not have an impact on the financial
guidance provided for the full year.

BUNION BRACING SLEEVE

The OS1st HV3 Bunion Bracing Sleeve from
ING Source was created using a light-flex toe
splint with an anatomically correct split-toe
design to provide relief of bunions, realignment
of toe angles, and reduction of forefoot swelling.
Built-in silicone stabilizers hold the brace in
place so the splint can straighten the hallux and
help separate toes for gradual correction, relief,
and recovery. According to the company, it is the
most comfortable and easy to use hallux valgus
splint ever made. Designed as an easy, slip-on
brace, the patent-pending HV3 straightens
gently to realign toes for bunion pain relief and
to promote better foot health. The HV3 creates

OPTP is proud to introduce the Dynamic Duo
Balance & Stability Trainers, which are ideal for
exercises to help improve balance, strength, flexibility, and coordination. The trainers are sold in
pairs and can be used individually or in tandem,
in seated or standing positions, to perform exercises to challenge dynamic stability for conditioning or rehabilitation. The trainers tilt, pivot,
and rotate, offering a dynamic challenge in all
planes of motion. They are also ideal for stretching and strengthening the feet or ankles, and
can be used for physical therapy, training and
conditioning, mind-body exercises, and more.
An exercise manual is included with each set of
Dynamic Duo Balance & Stability Trainers.
OPTP
800/367-7393
optp.com

SIGVARIS GROUP NORTH
AMERICA APPOINTS NEW
PRESIDENT/CEO

The Core Products International Adjustable
Heel Lift is designed to help ease low back and
hip pain caused by leg length discrepancies by
adding lift under the heel of the shorter leg. This
lift is durable and comfortable, and provides
shock absorption to help relieve pain and discomfort from heel spurs, general heel bruising,
tendinitis, and other clinical conditions. The Adjustable Heel Lift is made with 3 layers of 1/8"
sponge rubber secured with industrial-grade
adhesive. The layers are easily peeled away to
adjust the height from 0.375" (9.5mm) to 0.125"
(3.2mm). A rubber bottom helps keep the lift in
place in any closed-heel footwear.

SIGVARIS GROUP North America, Peachtree
City, GA, has appointed Barbara Osborne as
president and CEO, effective May 30. She has
over 30 years of diverse business experience in

lermagazine.com

Core Products International
800/365-3047
coreproducts.com
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How Well Did You
Read This Issue?

Test your knowledge of information from this issue of
Lower Extremity Review and the world in general with
our new crossword puzzle feature. The answer box can
be found online at lermagazine.com

Western
colorado
Mountain Bike Tour/CME
Grand Valley of Colorado
October 9-12, 2019
3 Cycling Days
10 AMA-PRA Category 1 Credits
10 AOA Category 1-A Credits
FAWM Credits Available

CME Agenda
Highlights
Exercise as Medicine
Nutrition at High Altitude
Mountain Bike Safety
Exercise in the Outdoors
Common Lower Extremity
Overuse Injuries

ACROSS

DOWN

1

1
2

8
10
11
13
15
18
21
22
23
26
28
30
33
34
35
36
37

Major point of adjustment when cyclist complains of knee pain, 3 words
Road with a number, abbr.
Fraction of a joule
Act of stretching out a limb
Lower-extremity digits
Fibrous tissue connecting bones and cartilage
Patello-____ joint
Volume measurement, for short
Three, as a prefix
Colloids
It’s measured in pound–feet
Handle____
Healthy and in good shape
Act of bending (a joint)
Ride a bicycle
The radius is part of it
First step in making a diagnosis
____ force

3
4
5
6
7
9
12
14
15
16
17
18
19
20
24
25
27
29
31
32

Unique CME Experience for
Physicians, PA-C’s, and Other Medical
Professionals Who Love to Bike.

www.cyclingcme.com
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Metal or leather projection
As the ____ of knee flexion increases, the
patella translates superiorly
Joint most affected by cycling overuse injury
Deep tire track in a country lane
It’s _____—until someone gets hurt
Three-wheelers, slang
Relating to hereditary factors
Finger ___ nose (neuro exam)
Breakfast staple
Understand
Zodiac sign
Fit for a task
Not moving easily (as a joint, for example)
They adjust the bike to suit the cyclist
Where malignancy ends, in surgery
Advance in years
Weight measurement, abbr.
Common solution is to raise it to relieve
cycling knee pain
Arm bone
_______ (or celiac) plexus
Where the Bears play, abbr.
Rotation speeds, abbr.

Crossword by Myles Mellor
With over 12,000 crosswords published internationally, Myles Mellor is one of the top crossword
writers in the world. His work includes crosswords, diamond crosswords, syndicated puzzles, cryptograms, diagramless crosswords, word search, sudokus, anagrams, and word games published on
mobile devices and e-readers. www.themecrosswords.com
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OrthoRite

orthotics

a lw ay s a s t e p a h e a d

Children’s Line
A classic shell manufactured
ma
from state-of-the-art acrylic.
Ortho-Rite's functional acrylic
offers full biomechanical
control for patients requiring
stability and support.

Ortho-Rite
INCORPORATED

Dress-Rite

Sport-Rite

Walk-Rite

Graph-Rite

Leather Line

65 Plain Ave.
New Rochelle, NY 10801
(800)473-6682
(914)235-9697 Fax
info@ortho-rite.com
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