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Our new Stability Outsole combines a dual density midsole on the medial side, an EVA 
and rubber bottom and a wider outsole to aid stability and support. Now available 
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As we enter a new year AND a new decade, 

it’s important to affirm our foundation and set 

our sights on new directions. One of LER’s key 

strengths is the breadth of our multi-disciplinary 

highly collaborative audience—and we don’t 

intend to change that.

Rather, we spent the last year honing our 

editorial product and, working with new and 

returning Editorial Advisory Board members 

and other industry experts, revised our mission 

statement to reflect both who we are today and 

where we want to go:

 LER: Showcasing evidence and expertise 

across multiple medical disciplines to build, 

preserve, and restore function of the lower 

extremity from pediatrics to geriatrics.

Our updated mission statement will be 

supported by editorial content that is driven by 

4 foundational tenets:

•	 Biomechanics matter.

•	 Injury prevention is possible.

•	 Diabetic foot ulcers can be prevented.

•	 Collaborative care leads to better outcomes.

You’ll see these themes throughout our 

editorial content and as drivers for new opportu-

nities for new connections. 

In setting our sights in new directions, it 

is important to look at what industry changes 

are coming down the pike and what we need 

to do to meet the needs of the market. One of 

the things of which I am most proud is that I 

feel LER is especially good at listening to the 

market and responding accordingly, allowing us 

to create new and valuable opportunities for our 

audience.

Having talked with countless industry 

experts, it’s no secret that rapidly advancing 

technology and change are the reality of today’s 

marketplace, making uncertainty and fear key 

drivers for many small businesses. So focusing 

on solutions to address these drivers has been 

the cornerstone of our thought process. At LER, 

we believe the future is bright and we wanted to 

be bold in our approach to it. With that in mind, 

we have implemented several new projects that 

have taken off and been tremendously well  

received. 

LER Expert is our new practice consulting 

division, piloted last July. Combining my 30 

years’ experience in the lower extremity space 

along with our incredible team of content cre-

ators, designers and developers, and branding 

and social media experts has enabled us to 

efficiently and cost effectively add a complete 

marketing arm to your practice. Already we 

have created editorial content, videos, websites, 

newsletters, publications, PR and social media 

marketing for a host of clinicians around the 

country, and the results have been phenomenal. 

I have personally enjoyed helping clinicians 

grow their practices. Visit https://lermagazine.

com/about/ler-expert-consultation to learn 

more. 

Another major launch is LER Expo. This 

will be the first online, virtual tradeshow bridg-

ing the gap between online education and exhib-

itors. I have been attending tradeshows in every 

LER specialty for 30 years and we all know the 

current tradeshow model is broken and the ROI 

just isn’t there. It is very costly to attend these 

events and as an exhibitor, the experience isn’t 

what it could be: there has to be a better way 

to reach a broader market. In response to this 

need, LER is bringing a new way of thinking 

to the tradeshow community. LER Expo is not 

designed to replace conventions; rather, we are 

positioned to help exhibitors engage better so 

clinicians can learn more.

Going Boldly Into 2020…
and Beyond
By Rich Dubin, Publisher

iStockphoto.com #1166631072

Continued on page 10
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recommendations for improving the utility 
of the manuscript for readers.

Case reports should be no more than 1500 
words (not including references, legends, 
and author biographies). Photos (≤4) are 
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ance, photos should be de-identified before 
sending.)

Manuscripts must be original and not un-
der consideration for publication elsewhere. 
Any prior publication of material must be 
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All authors must be medical professionals 
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ered as first author only when the byline 
includes a fully licensed professional.

Manuscripts are submitted with the under-
standing that they will be reviewed; that 
revisions of content might be requested; 
and that the editorial staff will undertake 
editing, as necessary, aimed at improv-

ing clarity and conciseness and applying 

conformity to style. Authors will have the 

opportunity to review and approve the edit-

ed version of their work before publication.

The Editors reserve the right to reject any 

unsolicited or solicited article that does not 

meet with editorial approval, including ap-

proval denied following requested revision. 

Electronic Submission
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Photos, tables, and figures can be embed-
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From the beginning, LER’s goal has been 

to reach a broad multi-disciplinary audience. 

Our readership boasts podiatrists, orthopedists 

and sports medicine specialists, athletic trainers, 

physical & occupational therapists, pedorthists, 

orthotists, prosthetists, chiropractors, wound 

care specialists, biomechanists, and more. We 

have always believed we can all learn from each 

other. Our bold vision for 2020 is to enhance 

your current education experience by streaming 

live events and bringing editorial coverage of all 

lower extremity specialty conventions to a single 

spot: LER Expo. There will be an exhibitor 

component that will coincide with professional 

educational opportunities so readers can easily 

learn about the new products and services that 

are available in the industry at a time and place 

that is convenient for you. You will have the op-

portunity to watch videos, attend webinars, and 

collaborate with your colleagues through online 

chats and meet-ups. You will be able to obtain 

education credits and expand your current 

learning process by seeing what is going on, not 

only in your discipline, but in others that focus 

on the lower extremity as well. Borrowing from 

astrophysicist Neil deGrasse Tyson: “…when 

LER looks at the lower extremity universe, we 

know we’re small but we’re also big. We’re big 

because we’re connected to the universe and 

the universe is connected to LER.” We want to 

connect you to the LER universe.

Although this is a massive undertaking, it 

is one we feel is part of the future and one we 

must be a part of.  The bottom line is that de-

veloping solutions for the lower extremity space 

is what we do best and we are so excited about 

what is to come.

Thanks to all of you—readers, online 

users, advertisers, vendors—for being an 

integral part of our growth and the fire that fuels 

us. Without all of you, none of this would be 

possible. 

“Change is the law of life. And those who look only to the 
past or the present are certain to miss the future.”

John F. Kennedy





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. 

“ Why are certain of my colleagues 
always on the news, quoted in  
articles, or constantly in the media?”

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 
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Aquatic Walking Relieves Arterial 
Stiffness in PAD 
By Chuck Green

Aquatic walking can help relieve arterial stiffness among patients with 

peripheral artery disease (PAD), according to results from a clinical trial 

published in the Journal of Applied Physiology.

The study also showed that aquatic walking boosts patients’ ability 

to tolerate exercise, cardiorespiratory capacity, and muscular strength, 

and that patients are largely more inclined to maintain this exercise 

regimen. That abets the notion that aquatic walking could be a new 

and, potentially, more comfortable type of exercise aimed at treating 

and preventing flareups of the condition.

Participants in the trial were recruited from community health 

centers in South Korea, made up primarily of females. Participants, all 

women, were classified as Fontaine stage I or II PAD with an ankle bra-

chial index (ABI) of 0.7–0.9. They were sedentary, which was defined 

as less than 1 h of regular exercise participation per week within the 

previous year. To avoid the impact of secondary diseases, current smok-

ers, as well as those with psychiatric conditions and pulmonary, renal 

and thyroid diseases, were excluded. However, the study did include 

participants with diabetes mellitus, hypertension, dyslipidemia, heart 

failure, previous myocardial infarction and knee and/or hip arthritis.

Baseline measures included arterial stiffness, resting heart rate 

(HR), blood pressure, ABI, VO2 max, 6-minute walking distance, phys-

ical function scores, handgrip strength, leg strength, anthropometrics, 

resting metabolic rate, and flexibility. Participants were then randomly 

assigned to either a 12-week aquatic walking training group (AQ, n = 

35) or a control group (CON, n = 37). Members of the AQ group did 

walking and leg exercises at progressively increasing intensities four 

times a week in waist-to-chest deep water, 28-to-30-degree Celsius (see 

figure). CON group members did not partake in an exercise program, 

but were present in the lab at the same times as the AQ group was in 

the pool. 

The trial was completed by 72 of the participants with no symp-

toms or adverse side effects stemming from the training program re-

ported. Additionally, following training, self-reported physical function, 

a marker of quality of life, showed significant improvement. 

The 12-week data showed significant improvements compared to 

pre-exercise (*P > .05)  for the AQ group in several areas:

•	 legPWV, change (∆) − 2.6 + – 0.7 m/s*

•	 resting HR, ∆ -2.3 + – 1.4 beats/min*

•	 VO2 max, ∆ 2.4 + – 1.0 mL . kg−1 · min−1*

•	 6MWD, ∆  50.0 + – 8.0  m*

•	 physical function score, ∆ 6.0 + – 9.0%* 

•	 handgrip strength, ∆ 1.2 + – 0.1 kg)*

•	 leg strength, ∆ 1.9 + – 9.1 kg* 

The authors also found a moderate association between VO2 max 

and 6MWD and a weak-to-moderate association between legPWV and 

6MWD in the AQ group, suggesting that changes in arterial stiffness 

may be related to the increased walking distance.

 “Although PAD is very prevalent worldwide, no pharmacological 

treatment has been developed – and only surgical treatment has been 

used in the severe condition,” said the trial’s second author, Liz Pekas, 

MS, CSCS, EP-C, University of Nebraska at Omaha, doctoral research 

assistant, Vascular Research Lab. 

The authors observed that aquatic walking may be more comfort-

able as an intervention for these patients due to decreased joint loading 

and stress as well as increased muscle relaxation due to the warm 

temperature. Aquatic walking also addresses issues related to falls 

prevention in this high-risk population. 

Source: Park SY, Kwak YS and Pekas EJ. Impacts of aquatic walking on 

arterial stiffness, exercise tolerance & physical function in patients with 

peripheral artery disease: a randomized clinical trial. J Appl Physiol. 

2019;127(940-949).

Chuck Green is a freelance writer based in Chicago, Illinois.

Continued on page 14

Figure. Components of aquatic walking training 
program performed 4x week in waist-to-chest deep 

water (28-30°C).
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HRR, heart rate reserve; RPE, rating of perceived exertion.
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Study Examines Treatment of 
Chronic Wound Pain with Long-
Acting Lidocaine Gel
By Laura Fonda Hochnadel

According to 2004 figures, about 6 million people suffer from chronic 

wounds due to bedsores and vascular, inflammatory, and rheumatologic 

sources, with medical costs for this care reaching almost $10 billion.* 

Opioids and non-opioid treatments are often used to manage the pain 

associated with these chronic wounds but come with issues such as 

the potential for addiction or abuse. Patients taking non-opioids might 

even reach a point whereby greater dosages do not reap improved pain 

management. Topical solutions, such as lidocaine, offer an alternative 

to ingested medications. However, lidocaine, which has been on the 

market for about 70 years, has its own shortcoming in that it must be 

reapplied every 3 to 8 hours.

The purpose of this study was to the test the efficacy of a 4% 

lidocaine/TRI-726 (MilanaPharm, Montgomery, AL) gel to alleviate 

wound pain in a sustained manner. TRI-726 is a biocompatible hydro-

gel used to deliver drugs topically, with sustained release. The drug to 

be delivered to the patient is mixed with this viscous solution, which is 

triggered by body temperature to change to a gel form.

The cohort comprised 14 men and 19 women with painful chronic 

wounds, 5-50cm2 and judged not to require debridement. Ages ranged 

from 53 to 89 years. The chronic wounds included venous leg, diabetic 

foot, pressure, and vascular ulcers, a traumatic wound, an abdominal 

wound, and second-degree burns. The wounds were cleaned, dried, 

covered with a thick layer of the 4% lidocaine gel, and remained ban-

daged for 7 days. 

The study participants kept a diary to record the effect of the 

4% lidocaine gel. At the onset of the study, 6 patients indicated their 

pain was at a level 10, 18 patients reported pain at level 6 to 9, and 9 

patients reported pain at level 3 to 5. No patients reported pain at the 0 

to 2 level.

Over the course of the week, 2 patients did not experience any 

pain relief. By day 2, 95% continued to feel pain relief, and by day 3, 

77% of the cohort continued to feel pain relief. Further, 58% continued 

to feel pain relief for up to 4 days. According to the study authors, 

“Patients’ comfort level and acceptance of the new lidocaine gel were 

very high throughout the study. No adverse actions were reported….” 

Further studies are warranted to examine long-term use and study the 

gel’s affect in a larger cohort. 

Source: Treadwell T, Walker D, Nicholson BJ, Taylor M, Alur H. Treat-

ment of pain in wounds with a topical long acting lidocaine gel. Chronic 

Wound Care Manag Res, 2019; 2019(117-121).

Laura Fonda Hochnadel is Associate Editor of LER. 

*Editor’s note: Treadwell et al cites data from 2004. More current data 

from a 2018 retrospective analysis of the Medicare 5% Limited Data 

Set for 2014 identified approximately 8.2 million Medicare beneficiaries 

had wounds with or without infections and that Medicare costs ranged 

from $28.1 billion to $96.8 billion. The retrospective analysis, by SR 

Nussbaum et al., appears in the January 2018 issue of Value Health. 

Rehab May Improve 1st MTP 
Arthrodesis Long-term Outcomes

While arthrodesis of the first metatarsophalangeal (MTP) joint is 

known to alleviate pain from osteoarthritis in the hallux, long-term 

outcomes vary, with nearly 20% of patients reporting dissatisfaction 

with the surgical outcome. 

“There are a number of patients who have symptoms of pain, 

metatarsalgia, lateral toe arthritis or interphalangeal joint arthritis after 

1st MTP joint arthrodesis,” said lead author Abbis H. Jaffri, from the 

Department of Kinesiology at the University of Virginia in Charlottes-

ville. “However, the reasons for these problems post-surgery are not 
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very well-known.” In the paper, he and 2 colleagues theorize that the 

post-surgical lack of motion in the 1st MTPJ results in compensation by 

lateral toes in an effort to restore foot function, which results in more 

loading on the lateral toes. This compensation can lead to osteoarthritis 

elsewhere in the foot and even metatarsalgia.

“These are the same problems that are experienced by a patient 

who has intrinsic foot muscle weakness,” Jaffri explained. “Therefore, 

we hypothesized that these issues experienced by patients following 

surgery may be due to the atrophy of these small muscles of the foot.” 

They devised an IRB-approved study using ultrasound (US) imaging 

to asses changes in the morphology and structure of the IFMs after 1st 

MPTJ arthrodesis. Their paper, “Ultrasound examination of intrinsic 
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The Revolutionary Push® ortho AFO
From the full line of Push Premium Braces

BraceLab.com | 888.235.8221Embrace Functional Freedom 

Recreate Natural Gait
Help patients walk safely and efficiently

My husband [is] driving, walking, 
and back at work. None of this 
would have been possible without 
the Push [AFO]. I hope clinicians 
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that looks different but works the 
way this does. I can't thank you 
enough for what you've given us.

—  Rebecca R., Patient’s Wife ”

“

Table. Ultrasound Measures of Cross-Sectional Area and Muscle Thickness in Intrinsic Foot Muscles After 1st 
Metatarsophalangeal Joint Arthrodesis. (*Significance, P = 0.05)

 Cross-sectional Area P value Effect Size Muscle Thickness P value Effect Size

 Involved Foot Uninvolved Foot   Involved Foot Uninvolved Foot   

Abductor Hallucis

Sitting 1.83 cm2 ± 0.58 2.25 cm2 ± 0.45 0.006* 0.92 0.99 cm ± 0.237 1.158 cm ± 0.24 0.001* 0.69

Standing 1.98 cm2 ± 0.61 2.43 cm2 ± 0.49 0.03* 0.90 1.00 cm ± 0.23 1.27 cm ± 0.16 <0.01* 1.72

Flexor Hallucis Brevis

Sitting 1.16 cm2 ± 0.57 1.58 cm2 ± 0.57 0.010* 0.69 1.05 cm ± 0.21 1.26 cm ± 0.24 0.005* 0.84

Standing 1.27 cm2 ± 0.70 1.05 cm2 ± 0.21 0.04* −0.52 1.04 cm ± 0.25 1.28 cm ± 0.21 0.005* 1.11

Flexor Digitorum Brevis

Sitting  1.60 cm2 ± 0.915 2.02 cm2 ± 0.78 0.12 −0.55 0.89 cm ± 0.24 1.08 cm ± 0.27 0.007* −0.71

Standing 1.85 cm2 ± 0.93 2.18 cm2 ± 0.83 0.08 −0.40 0.93 cm ± 0.30 1.05 cm ± 0.19 0.54 −0.65



foot muscles in patients with 1st metatarsophalangeal joint arthrodesis,” 

was recently published in the journal The Foot.

They recruited a convenience sample of 18 feet of 9 subjects with 

a unilateral history of 1st MTPJ arthrodesis; each participant served 

as their own control. Key demographics included: age: 57.56 ± 9.07; 

weight: 81.33 ± 1.32 kg; height: 163.26 ± 11.03 cm. B-mode ultrasound 

images of the cross-sectional area (CSA) and muscle thickness (MT) 

were collected of the Abductor Hallucis (AbH), Flexor Digitorum Brevis 

(FDB) and Flexor Hallucis Brevis (FHB) during sitting and standing 

positions with a wireless 8-MHz transducer. Toe flexion strength was 

measured with a hand-held dynamometer.

This paper delineates the atrophy of small yet significant mus-

cles on the plantar surface of the foot in patients with 1st MTP joint 

Arthrodesis, said Jaffri (see Table). The authors also observed signifi-

cantly lower (P < 0.05) toe strength in the involved toe compared to 

the uninvolved one.

The authors write that not only is this the first study to examine 

the plantar foot musculature after 1st MTPJ arthrodesis, but it is also 

the first time that IFMs have been assessed in a weight-bearing posi-

tion.  They note that FDB is the largest of the plantar IFMs and the ob-

served atrophy could provide a potential explanation for the subsequent 

arthritis and metatarsalgia that some patients experience post-surgical-

ly. They further note that there are no protocols for rehabilitation after 

1st MTPJ arthrodesis and that strengthening these muscles could help 

to improve functional outcomes after surgery.

“We did find significant atrophy of intrinsic foot muscles in this 

group of patients,” Jaffri said. “Identifying a problem is the first step 

in addressing it. This paper highlights a significant weakness that can 

be addressed through rehabilitation of foot and ankle post-surgery to 

improve functional outcomes.” 

Source: Jaffri AH, Hertel J, Saliba S. Ultrasound examination of intrin-

sic foot muscles in patients with 1st metatarsophalangeal joint arthrode-

sis. Foot. 2019;41:79-84.

Are Lateral Ankle Sprains Being 
Treated Correctly?
By Keith Loria

Lateral ankle sprain is the most common injury in physically active 

populations, yet some believe those who sustain an acute lateral ankle 

sprain may not receive timely formal rehabilitation and are at an in-

creased risk to have subsequent sprains which can lead to chronic pain 

and instability.

That led Bradley Wells, PT, DSc, SCS, a physical therapist at 

Naval Hospital Camp Lejeune, to conduct a study, “Management of 

Acute Grade II Lateral Ankle Sprains with an Emphasis on Ligament 

Protection: A Descriptive Case Series,” which was part of a research 

LER-Nov-PQ2019.indd   2 10/30/2019   12:40:27 PM
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project he performed to complete his Doctor of Science from Baylor 

University. The publication appeared in the International Journal of 

Sports Physical Therapy.

“The initial goals were to evaluate the current state of literature 

surrounding management of lateral ankle sprains and consider a novel 

approach in the management of this injury which has a rather high 

recurrence rate,” he says. “Athletes typically return to sport within 10 

days, well before full recovery and approximately 70% of patients re-

port subsequent ankle sprains within one year of their initial injury, and 

45% report incomplete recovery three years after injury.”

For his study, 10 patients (mean age 26.7 years, range 16-51 years, 

mean 2.3 days from injury) with acute grade II lateral ankle sprain 

were treated with an approach to protect the injured ligament, prevent 

impairments to movement, restore strength and proprioception, and 

progress to full function. 

“Consecutive patients with acute primary grade II lateral ankle 

sprains either referred from the local emergency department or a direct 

access physical therapy clinic were consented and enrolled if they met 

the inclusion criteria,” Wells said. “Upon enrollment, each subject 

underwent a patient-focused interview to determine the location and 

behavior of symptoms in addition to relevant details of the current 

injury and any previous injuries and existing conditions.”

Following the interview, each patient received a thorough exam-

ination of the lower quarter and were treated with an approach focused 

on individual impairments. Outcomes included the Foot and Ankle 

Ability Measure, Activities of Daily Living, Numeric Pain Rating Scale 

(NPRS), Ankle Lunge Test, and Y-Balance Test, which were collected at 

4, 8, and 12 weeks along with a follow up phone interview at the 6- and 

12-month mark to assess for re-injury. 

“The major takeaway is that a lateral ankle sprain is a ligamentous 

injury and should be managed accordingly,” Wells said. “By limiting 

inversion for 6 weeks and prescribing prolonged bracing for 12 weeks, 

the lateral ligament complex was allowed appropriate time to heal 

and protected against overly straining forces. In the end, all patients 

regained full ROM which held through the 1-year mark, and 9 out of 10 

patients reported no recurrence of sprain.”

The key treatment principles, he explained, were protecting the 

ankle joint through bracing and by limiting ankle inversion, promoting 

frequent dorsiflexion and a normal gait to stimulate ligament healing 

and maintain ankle movement, and providing individual patient tai-

lored manual therapy and return-to-function treatment programs. 

“Use of these balanced strategies to manage acute grade II ankle 

sprains may promote ankle stability, prevent impaired ankle movement, 

reduce rates of re-injury, and improve functional outcomes,” Wells 

said. “These findings are important because they suggest that early 

implementation of a comprehensive strategy prioritizing joint protection 

while preventing movement impairments may improve primary ankle 

sprain outcomes.”

While the application of this case series is quite simple, the injury 
Continued on page 20
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itself is complex. Therefore, Wells recommended that clinicians limit 

ankle inversion for 6 weeks and use a lace-up brace for 12 weeks, then 

after 12 weeks wear the brace as needed with physical activity, sport, or 

any time there is an increased risk of injury. 

“Treat the patient using an impairment-based approach, focusing 

on restoring ankle dorsiflexion, as this ROM has been shown to be a 

predictor of future injury if not restored,” Wells said. “Lastly, manage 

ankle sprains with an approach that is consistent with ligamentous 

injury.”

For example, controlled ROM through bracing is a foundational 

strategy for managing a tear to the medial collateral ligament of the 

knee. This protects the healing joint, promotes regular arrangement of 

healing fibers and limits disruptive valgus force. 

“In contrast, when the anterior talofibular ligament of the ankle is 

injured in a lateral ankle sprain, patients are typically braced for short 

periods and given exercises that encourage repeated inversion poten-

tially overly stressing and stretching healing tissue,” Wells said. “There 

is a predictable healing pathway after ligamentous injury that includes 

an inflammatory phase, proliferative phase, and a remodeling phase 

that increases tensile properties; this healing process should influence 

the clinical decisions being made when working with patients with 

acute lateral ankle sprains.”  

Keith Loria is a Washington DC-based freelance writer

Source: Well B, Allen C, Deyle G, Croy T. Management of acute grade II 

lateral ankle sprain with an emphasis on ligament protection: a descrip-

tive case series. Int J Sports Phys Ther. 2019;14(3):445-458.
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Most patients benefit from 
nonsurgical care of foot 
drop. Your task is to identify 
the optimal bracing options 
and work closely with 
the patient to understand 
their personal treatment 
expectations and goals.

By Jason Wright, DPM, PGY-2, And 

Marshall G. Solomon, DPM, FACPM, 

FACAS

Foot drop refers to loss of strength of the pedal 

dorsiflexors, leading to a decrease in ankle dor-

siflexion during gait. Patients with foot drop are 

at an increased risk of falls because of their toes 

“catching” the ground while ambulating. Foot 

drop can be a challenging condition to manage: 

there are numerous causes, and each patient 

can have different needs and expectations about 

treatment. Understanding the possible causes 

of foot drop, recent advances in treatment, and 

specific patient goals allow healthcare profes-

sionals to provide the best possible care. 

Several Causes
The etiology of foot drop includes disorders 

of the peripheral nervous system and central 

nervous system. 

Peripheral trauma and disorders. Injury to 

the common peroneal nerve (CPN) is a common 

cause. Ankle dorsiflexors, including the anterior 

tibialis, are innervated by the deep peroneal 

nerve, which branches from the CPN. As this 

nerve passes into the leg, it wraps around the 

fibular head. At that location, the nerve is vul-

nerable to injury because soft-tissue coverage is 

sparse; patients who sustain a knee injury, high 

fibular fracture, laceration, or other trauma can 

experience injury to the CPN.

Prolonged increased pressure on the lateral 

leg can also lead to nerve damage. Examples in-

clude prolonged lateral sleeping position, driving 

while resting the left leg against the car door, 

and prolonged working while kneeling.1,2

Nerve injury can also be iatrogenic: The 

CPN can be injured during arthroscopic knee 

surgery, and the sciatic nerve can be injured 

during hip or knee arthroplasty. Also, poor 

patient positioning on the operating table can 

lead to increased pressure on the CPN. Last, a 

below-knee cast that extends too far proximally 

can lead to nerve damage.1,2 

Other causes of foot drop do not involve 

direct nerve injury. Soft-tissue masses, including 

lipomas and ganglion cysts, can put pressure on 

the nerve, leading to a mass effect that contrib-

utes to foot drop. In such cases, surgical removal 

of the mass is usually indicated.2 

Proximal disorders. It is also important to 

consider proximal causes when evaluating foot 

drop. Radiculopathy at L4 and L5 is a common 

cause.1,2 Last, many patients experience loss 

of muscle strength following a cerebrovascular 

accident or other cerebral injury.1,2,3 

Take These Steps to the 
Diagnosis
Diagnosis of foot drop starts by obtaining a 

thorough history and physical examination. 

Photo Courtesy of Kevin Orthopedic
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Shoewear examination is highly important. Wear patterns on the 
outsoles can provide clues to biomechanical imbalances resulting 

from foot drop or worsening its effect. 

A Guide to Individualized 
Management of Foot Drop 



Patients often complain of falls caused by the 

toes dragging on the ground while walking. 

Physical examination reveals loss of muscle 

strength of the pedal dorsiflexors and, some-

times, loss of sensation to the dorsal foot. 

Shoewear examination is also highly important. 

Wear patterns on the outsoles can provide clues 

to biomechanical imbalances resulting from foot 

drop or worsening its effect. Electromyography 

and nerve-conduction velocity studies can be 

used to confirm the diagnosis. These studies can 

also determine the location and severity of the 

nerve lesion.1

Treatment With Ankle Foot 
Orthoses
The mainstay of nonsurgical treatment of foot 

drop is an ankle–foot orthosis (AFO), which 

functions by decreasing ankle–joint plantarflex-

ion during gait. These orthoses are constructed 

of various designs and materials; it is important 

to consider patient factors when prescribing and 

fitting an AFO. Lifestyle, comorbidities, and 

goals of treatment determine which AFO is best 

suited to the individual patient. 

Double-upright AFO. An earlier AFO 

design was the double-upright AFO, comprising 

a pair of metal bars rigidly attached to the shoe 

and a leather band wrapped around the calf. 

Bulkiness and inability to transfer between dif-

ferent shoes are major drawbacks of this AFO. A 

key benefit, however, is that the double-upright 

AFO can accommodate changes in the size of 

the leg. This is especially helpful in patients 

with lymphedema and venous insufficiency.4 

Solid AFOs are typically made from a plas-

tic polymer, such as polypropylene. Their design 

includes a foot plate and a posterior shell, with a 

strap at the level of the calf. Patients are able to 

move these AFOs between shoes. Because solid 

AFOs tend to be less bulky than metal AFOs, 

they increase patient satisfaction and adherence. 

Solid AFOs can be modified to meet the needs 

of an individual patient and can be either pur-

chased prefabricated or custom-molded to the 

patient’s foot, using plaster casting.4,5 

The mechanical properties of solid AFOs 

can be changed by adjusting the width of the 

posterior shell along trim lines. Lehmann et al6 

showed that solid plastic AFOs with a wider and 

stronger posterior shell have increased stiffness 

leading to more plantarflexion resistance, thus 

reducing the possibility of toe drag during swing 

phase. Stiffer AFOs are also recommended 

in patients with ankle instability.7 Narrower 

posterior shells are more flexible and allow for 

some plantarflexion during gait. Many experts 

have proposed that some AFO flexibility creates 

a spring-like function that allows for a more 

natural gait.4,8,9 It is important to find the ideal 

balance of strength and flexibility for each 

patient. 

In 2019, Totah and co-workers7 performed 

a literature review to identify the effect of ankle 

stiffness in AFOs on gait and patient satisfaction. 

The researchers compiled the results of 25 arti-

cles and reached the following conclusions:

•	 Increased AFO stiffness led, as expected, 

to a decrease in peak ankle plantarflexion, 

peak ankle dorsiflexion, and ankle–joint 

range of motion (ROM).

•	  Increased AFO stiffness also led to an 

increase in knee flexion during the early 

stance phase of gait.

•	 There is no statistical correlation between 

AFO ankle stiffness and hip-joint 

biomechanics, energy use, or gait speed.

The review by Totah was unable to ascertain 

an association between patient satisfaction and 

stiffness of the AFO.7 This further emphasizes 

the need to understand the individual patient’s 

conditions and goals of treatment. 

Kobayashi and colleagues10 found that, in an 

Continued on page 27

Continued from page 23

Holtkamp et al surveyed more than 200 patients for 
whom an AFO was prescribed and found that 1 of every 15 
patients never used it. They also found that nearly 25% of 

AFO users were dissatisfied with their orthosis. 
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AFO with high-ankle stiffness at initial contact, 

the tibia will be abruptly rotated forward, leading 

to knee flexion and instability. However, an AFO 

with too little stiffness will lead to increased knee 

flexion, similar to the genu recurvatum often seen 

in patients with foot drop. 

Dynamic AFOs are designed from flexible 

material to allow spring-like function. This design 

absorbs energy during initial contact and then 

releases it during toe-off. Dynamic AFOs can be 

made from plastic or carbon fiber9,11; the latter 

material has the added benefit of being both 

lightweight and strong.9 

One type of dynamic AFO, the posterior leaf 

spring AFO (PLS-AFO), is constructed similar to 

a solid AFO. However, the posterior shell portion 

is shaped in a way that allows it to function like 

a spring. Other dynamic AFO designs include 

flexible struts along the sides, which also act like 

springs. Bregman et al11 showed that use of PLS-

AFOs can reduce the energy cost of walking by 

9.8% and reduce net ankle work by almost 30%, 

compared to walking without an AFO.

Zollo et al9 compared dynamic AFOs and 

solid AFOs in patients with stroke-induced foot 

drop. They showed that both PLS-AFOs and 

dynamic AFOs improved cadence and decreased 

ankle ROM; in fact, there was no statistical 

difference between the 2 designs in regard to 

cadence and ankle movement. The researchers 

recorded subjects’ muscle activity in the calf and 

anterior ankle muscles while wearing the 2 types 

of AFO: While using the dynamic AFO, patients 

had less co-contraction of these muscles. Zollo 

concluded that use of the dynamic AFO will 

provide patients with a gait that is more similar 

to unimpaired gait. 

Choi et al12 compared the effect of the 

stiffness of dynamic AFOs at different walking 

speeds. By analyzing gastrocnemius muscle and 

anterior tibialis muscle length during the gait 

cycle, they determined that, at slower walking 

speeds, patients received less energy return, com-

pared with faster walking speeds. The research-

ers recommended taking the patient’s lifestyle 

demands into consideration when considering a 

dynamic AFO. 

 Articulating AFOs are constructed in 2 piec-

es, with a joint at the ankle. Hinges with adjust-

able resistance are used to control the patient’s 

plantarflexion and dorsiflexion. Stops can also be 

incorporated into the AFO to place an absolute 

limit on the plantarflexion and dorsiflexion ROM. 

Kobayashi13 confirmed that incremental increases 

in hinge resistance lead to decreased ankle ROM 

during stance and swing phases. 

3-dimensional (3D) printed AFOS. Recent 

advancements in 3D printing technology have led 

to greater interest in developing a technique to 

manufacture custom AFOs using this technology. 

Cha et al14 developed and tested a 3D 

printing technique in which the patient’s foot is 

scanned using a 3D scanner; the image is then 

adjusted using computer software and then 

“printed” using thermoplastic polyurethane. The 

3D printed AFO was compared to a custom AFO 

manufactured using the traditional casting tech-

nique. Patients alternated use of the 2 AFOs for 2 

months and reported that they were happier with 

the ease of use and comfort of the 3D printed 

AFO. 

Wojciechowski et al5 performed a literature 

review (N = < 50 patients) of 3D-printed AFOs, 

which revealed little difference in biomechanical 

properties, including ankle movement and speed 

of gait, between 3D-printed and plaster-cast 

AFOs. The review did demonstrate increased 

patient comfort and satisfaction with 3D-printed 

AFOs. The authors concluded that 3D printing 

is a feasible option for future AFO manufacture 

that could lead to improved customization and 

patient satisfaction.

General problem of patient acceptance. 

Nonadherence has a significant effect on the 

success of treatment with an AFO. Holtkamp et 

al15 surveyed more than 200 patients for whom 

an AFO was prescribed and found that 1 of every 

15 patients never used it. They also found that 

nearly 25% of AFO users were dissatisfied with 

their orthosis. Common causes of dissatisfaction 

included skin reaction, poor fit, and difficulty of 

use. Survey respondents also commented on lack 

Continued on page 28
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of follow-up and attention to their needs in the 

design of the AFO. Other studies have shown 

that AFO complications include contracture at 

the ankle joint, trouble standing from a sitting 

position, and undesirable appearance.16 

Treatment With Foot Drop 
Stimulators
Another treatment option for foot drop is a foot 

drop stimulator (FDS), wearable devices that 

electronically stimulate the common pero-

neal nerve to activate the pedal dorsiflexors. 

Stimulators are useful for treating foot drop 

resulting from central nervous system pathology. 

They require an intact common peroneal nerve 

to stimulate the dorsiflexors of the foot, which 

means that they are not indicated for treatment 

of common peroneal nerve injury. Other contra-

indications include ankle and knee instability.4,16 

In a randomized controlled trial of 179 

patients by Kluding et al16 that compared AFOs 

and FDSs, both treatment groups were found 

to have significant improvement in  comfortable 

walking gait speed and fast walking gait speed. 

There was no statistical difference in improve-

ment across several biomechanical markers. 

Participants in the FDS treatment group were 

more satisfied with treatment, however. 

Reported adverse events with FDSs includ-

ed skin irritation and falls. The rate of falls was 

equal in both treatment groups.

Summing Up
Foot drop encompasses a range of conditions 

of various causes; the common factor is loss of 

muscle strength of the pedal dorsiflexors. Most 

patients benefit from nonsurgical care of foot 

drop, regardless of the cause. 

Because the cause of foot drop varies 

from patient to patient, and because individual 

patients therefore have different needs and 

expectations from treatment, it is the task of 

providers to identify the best bracing options 

for the individual by working closely with the 

patient to obtain and understand their goals for 

treatment of this condition. 

Jason Wright, DPM, is a PGY-2 resident physi-

cian and Marshall G. Solomon, DPM, FACPM, 

FACFAS, is Residency Director, both at Beau-

mont Hospital, Farmington Hills, in Farmington 

Hills, MI.

LER is proud to partner with the American Col-

lege of Foot & Ankle Orthopedics & Medicine to 

present clinically relevant peer-reviewed content, 

curated by Jarrod Shapiro, DPM, FACFAOM, 

FACFAS. 
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By Nicole Wetsman

Getting better at any sport, at any level, takes practice, 

commitment—and repetition. Basketball players shoot 

jump shot after jump shot, soccer players drill footwork, 

and cross-country athletes log seemingly endless miles. 

The constant work to make each motion natural and 

instinctive is important but can also wear down the joints 

involved. For many athletes, repetition can, occasionally, 

lead to overuse injury. Unlike acute injury, which occurs 

after a single incident, overuse injury results from repeat-

ed small stresses. 

“If you are playing a sport at a high level and using 

your body in that way, you’re subjecting it to potential 

breakdown due to exposure, to some degree,” said Chris 

Dodson, MD, sports medicine surgeon and associate 

professor of orthopedic surgery at Thomas Jefferson 

University in Philadelphia. “You really can’t stop it. If 

you could, every major league sport would be doing it. 

But every single one of them has athletes with overuse 

injuries.”

Athletes can sometimes continue to play through an 

overuse injury, but doing so can impair performance, re-

duce their enjoyment of the sport, and lead to long-term 

disability. Research on the specific causes of overuse 

injury and its treatment, however, can help physicians, 

Overuse Injuries in Sports 
Aren’t Wholly Preventable. 
But They Are Reducible 
Empower	athletes	and	work	in	partnership	with	them	to	reduce	
their	risk	and	severity	of	overuse	injury	and	keep	them	at	the	
level	of	performance	they	want.
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The 2015 study found the rate of overuse 
injury in college athletes was more than 
3 times that rate in high-school athletes.



“We look at how you move, and see if, 
for example, you have tight muscles, 

or more limited rotation in your spine. 
Those are mechanical and baseline 

changes that would predispose you to 
having more overuse injuries. Those 

are things you can address.”
Chris Dodson, MD

physical therapists, and athletic trainers work 

with athletes to decrease their risk of sustaining 

overuse injuries that restrict play.

“You can’t stop them—but you can reduce 

them,” Dodson said. 

A common problem
Overuse injury is a common problem for 

athletes at the college and high-school level, 

across all sports. Thousands of these injuries 

were recorded in the National Collegiate Athletic 

Association’s Injury Surveillance System, which 

tracks injuries in college athletes, and the High 

School Reporting Information Online, in a 

span of 4-year and 5-year periods, respectively, 

according to research published in the Ameri-

can Journal of Sports Medicine in 2015.1 Data 

produced by that study show that approximately 

70% of overuse injuries occurred in the lower 

extremity. Furthermore, in a 2012 study of near-

ly 600 college athletes, nearly 30% of reported 

injuries were overuse injuries.2 

Which overuse injuries an athlete is at risk 

of varies by age, gender, sport, and level of play. 

The 2015 study1 found that the rate of overuse 

injury in college athletes was more than 3 times 

the rate in high-school athletes. In addition, 

college athletes are far more likely to take more 

than 3 weeks to recover from such injury and 

return to play. 

The highest rates of injury reported in the 

study,1 in both college and high school athletes, 

were in women’s and girl’s cross-country and 

men’s and boy’s cross-country, followed by wom-

en’s and girl’s track and field and men’s and boy’s 

track and field. In most sports, female athletes 

are more likely to suffer overuse injury than 

male athletes are. 

Adolescent girls, for example, often develop 

knee injury as they grow and enter puberty, said 

John O’Kane, MD, associate professor in the 

Department of Family Medicine and team physi-

cian at the University of Washington. O’Kane 

and colleagues followed more than  350 female 

soccer players 12 to 15 years of age over a 4-year 

period.3 Parents of participants responded to 

a weekly email, over the course of each soccer 

season, to report whether their child had any 

type of overuse injury. Injured players were 

interviewed by telephone weekly until the injury 

resolved. 

O’Kane identified 83 overuse injuries in the 

cohort during that period, most commonly to the 

knee. A common diagnosis was Osgood-Schlat-

ter disease, characterized by inflammation of the 

patellar tendon causing knee pain.

“[Osgood Schlatter disease] most common-

ly occurs in the late stages of puberty, because 

of the inherent weak link in the growth plates at 

the time. They’re most susceptible just as they’re 

starting to fuse,” O’Kane said. The condition 

crops up just as adolescents are at the end of 

their growth: “Cells in the growth plates become 

more fragile as they’re starting to close.”

Other problems with the patellar tendon 

are also common in athletes of all ages who par-

ticipate in sports that require explosive move-

ment. Approximately 13% of male youth soccer 

players at an elite academy in Germany had 

some sort of patellar tendinopathy, according to 

one study (see Figure).4  Patellar tendinopathy is 

also common in volleyball players and in basket-

ball players, both of whom jump on a hard sur-

face during play.5 Research on basketball players 

shows that tendon abnormalities appear on 

ultrasonography scans even when athletes do not 

report clinical symptoms: In one study, > 20% 

of athletes who reported not having a problem in 

fact had an abnormality on a scan.6 

“[In] anyone who does an explosive sport, 

like soccer, or football in positions with explo-

sive movement, hamstring injuries are com-

mon,” Dodson said. In cross-country runners, 

however, hamstring injuries rarely occur: “It’s 

very different in runners,” who, he said, are 

much more likely to sustain stress fracture. The 

surface on which a sport is played also contrib-

utes to the risk of stress fracture: For example, 

soccer players running on a soft grass field are 

less likely to suffer stress fracture than athletes 

running on a track, Dodson said. 

However, identifying the rate of overuse 

injury in any sport, at any level, is challenging: 

The term is defined inconsistently by research-

ers and in databases that track them at various 

institutions.7 “It would be helpful for larger da-

tabases to be more standardized,” O’Kane said. 

The collegiate Pac-12 Conference is working to 

Continued on page 37
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develop uniform injury reporting to improve 

that process, he said. 

Because overuse injuries don’t occur after 

a specific event but build over time, there is also 

inconsistency in when they are reported by ath-

letes to trainers, physicians, and coaches—mak-

ing it more challenging to identify their specific 

impact on athletes and athletic performance. 

For example, a study published in the Journal 

of Athletic Training in 2018 found that, between 

2005 and 2008, the National Collegiate Athletic 

Association Injury Surveillance System data 

on men’s and women’s soccer included only ap-

proximately two-thirds of overuse injuries that 

caused time away from the sport.8 

Risk reduction and 
treatment: A checklist
Does the athlete have the necessary strength to 

perform? Reducing an athlete’s risk of an over-

use injury starts with identifying places where 

they are not strong enough to handle the work 

that they are asking their body to do, said sports 

medicine specialist Rob Conenello, DPM. 

“Many times, individuals you see are just 

not strong enough to do the things they want to 

do. People who want to go running have to be 

prepared,” Conenello said. “So when I talk about 

strength, it’s not just weights—it’s good mobility, 

core strength, flexibility, and those things. If 

you start with an athlete who has deficiencies, 

they’re going to get injured. We start seeing 

overuse problems because they are doing the 

same thing over and over incorrectly.”

The O’Kane study3 on youth female 

soccer players also examined variables that put 

athletes at risk of overuse injury (see Table ). 

A low normalized knee separation on landing 

from a jump was associated with a higher risk 

of knee overuse injury. Greater strength in the 

hamstring, quadriceps, and hip flexors lowered 

the risk of knee overuse injury. Identify athletes 

who have risk factors and take steps to correct 

them—such as by increasing strength, Conenel-

lo said. 

Are you screening the athlete regularly for 

problems? Physical therapists and trainers can 

screen for those risk factors, Dodson said . “We 

look at how you move, and see if, for example, 

you have tight muscles, or more limited rotation 

in your spine. Those are mechanical and 

baseline changes that would predispose you to 

having more overuse injuries. Those are things 

you can address.”

Continued from page 34

“People used to think if you 
loaded too much, you increased 

your risk. What’s more clear now 
is that it’s not so much the total 

load but the change in load.”

John O’Kane, MD

Continued from page 38

Figure. Bode et al found that 64% of youth elite soccer players showed signs of neovascularization of grade I-IV. 
Image  shows sonographical findings of a U-17  player with acute patellar tendon syndrome in the right knee. 
Structural changes like hypo-echogenic areas, neovascularizations, and tendon thickening were all detectable. 
Image use is per Creative Commons Attribution License 4.0 
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Is the athlete properly acclimating to prac-

tice and play? Rapidly ramping up activity can 

also increase the risk of overuse injury. “People 

used to think if you loaded too much, you in-

creased your risk. What’s more clear now is that 

it’s not so much the total load but the change 

in load,” O’Kane said. “It’s what you’ve done in 

the past 2 weeks, and if that’s significantly more 

than in the prior 2 weeks, the risk goes way up. 

You want more acclimation.” 

Research on stress fractures in college 

runners demonstrates the way changes increase 

risk. “The two biggest risk factors for a stress 

fracture were being a freshman…and having 

a new coach,” O’Kane said—both situations 

where an athlete would have a significant 

change to their running program. Athletes might 

also be at risk when they return to practice after 

the offseason: “You might want to return the 

next season and get after it, but it’s important 

that the buildup is more gradual.” 

Does the athlete know to “listen” to her (his) 

body? Athletes should not push through if they 

feel off or sore on a particular day. “The whole 

idea of no pain, no gain goes out the window,” 

O’Kane said. “When an athlete tells you that 

they’re starting to get sore, that’s your best 

opportunity to try and intervene and prevent an 

injury. You can lower the load, and get them on 

a more gradual increase forward.”

If an athlete starts to feel an injury, it’s 

important to work with a trainer or physician to 

evaluate whether continued activity will make 

matters worse: “Things can get worse if athletes 

continue to ramp things up,” Conenello said. 

“Something simple can become a stress fracture 

or a tear,” 

A rule of thumb for Conenello is that, if an 

athlete is limping, they should not be involved 

in their usual activity. “It’ll cause other prob-

lems. Listen to your body, talk to your doctor. 

If it just hurts when you start exercising and it 

gets better, that might be fine, but if you’re in 

the middle of activity and it gets worse, that’s a 

sign it could be something worse.”

But an athlete isn’t a medical expert, which 

makes it hard to know when continuing to work 

through pain will make an injury worse, O’Kane 

pointed out. “I don’t think an athlete can know 

if the pain on the inside of their foot is a tweak, 

Continued on page 41
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Table. Time-Varying Risk Factors for Lower Extremity and Knee Overuse 
Injuries, 2008-2012a

Risk Factor Lower 
Extremity 

Overuse Injury

Knee Overuse 
Injury

Usual position played in prior month - Goalie 
No 
Yes

1.00
1.09 (0.44-2.56)

1.00
0.66 (0.01-2.29)

Usual position played in prior month - Defender 
No 
Yes

1.00
1.01 (0.55-1.82)

1.00
0.95 (0.49-2.00)

Usual position played in prior month - Forward 
No 
Yes

1.00
0.98 (0.57-1.71)

1.00
0.74 (0.23-1.72)

Usual position played in prior month - Midfielder 
No 
Yes 6.87 ± 3.11 0.00

Practiced soccer on own in prior week 
No
Yes

1.00
1.18 (0.62-2.07)

1.00
1.22 (0.54-2.57)

Played on another soccer team in prior week 
No
Yes

1.00
1.55 (0.77-2.84)

1.00
2.46 (1.08-5.35)

Participated in another sports team in previous 
monthb  

No
Yes

1.00
1.32 (0.78-2.61)

1.00
1.88 (0.86-5.66)

Participated in other physical activitiesc 
No 
Yes

1.00
0.50 (0.27-0.86)

1.00
0.39 (0.15-0.81)

Continued from page 37

aValues are expressed as odds ratio (95% CI). 
bSports teams included basketball, volleyball, and track.  
c  Physical activities included golf, skiing, gymnastics, waterskiing, running, weight lifting, bicycling, aerobics, 
Pilates, swimming, or other activities.

From Reference 4. © 2017 by Bode et al. Reprinted by Permission of SAGE Publications, Inc. 

“If you start with an athlete who has deficiencies, they’re going to 
get injured. We start seeing overuse problems because they are 

doing the same thing over and over incorrectly.”
Robert Conenello, DPM
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and not a big deal, or an impending stress fracture—one is a season 

ender, and the other just needs an orthotic.”

Have you instructed the athlete to report any injury promptly? 

Reporting injury early can help an athlete recover and return to regular 

play and activity more quickly. “I often tell athletes that sometimes the 

amount of time you’re in pain is the amount of time it will take to get 

better,” O’Kane said. “If your ankle is sore for a few days, you can make 

modifications, and be back quickly. If something is nagging you for 4 to 6 

weeks before you get it looked at, it may take even longer to get better.”

Final recommendation: Encourage teamwork
Working in partnership with athletes can help reduce the risk and sever-

ity of overuse injury and ensure that they can perform at the level they 

want to. “If you can empower athletes by teaching them what they need 

to do, you keep them healthy,” Conenello said. “Most athletes are good 

patients. They’re invested in getting better.” 

Nicole Wetsman is a freelance writer in New York City.
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Consider the benefit of 
arthroscopy for addressing 
intraarticular pathology at 
the time initial surgical repair 
of high-grade ankle fracture 
is performed.

By Kevin Burke, DPM and Jonathan 

Hook, DPM

Ankle fractures are a common orthopedic injury. 

Although surgical repair often yields good 

results, many cases are nonetheless associated 

with poor clinical outcome after repair.1,2,3  Most 

commonly, poor outcomes are posttraumatic ar-

thritis, hardware irritation, infection, and wound 

complications.

Progression to posttraumatic arthritis 

has been reported in 14% to 50% of patients 

at long-term follow-up after open reduction 

internal fixation (ORIF) of acute ankle fracture.4 

Even with anatomic alignment, poor functional 

outcomes continue to be reported after ORIF, 

possibly owing to osteochondral lesions (OCL) 

that occurred at the time of injury but that 

might not have been apparent on preoperative 

imaging.5 Nevertheless, ORIF remains the stan-

dard of treatment for unstable and displaced 

ankle fractures. 

Recent literature6 has suggested that OCL 

are a source of pain and decreased functional 

outcome after ankle injury and, consequently, 

that lesions require subsequent treatment. Sur-

gically, options include curettage, microfracture, 

grafting, and use of other biologic materials. 

These procedures require additional operating 

room time and anesthesia, and involve an addi-

tional recovery period when undertaken (as they 

often are) after initial ankle fracture repair. 

In the face of evidence regarding the 

burden of treatment of OCL, arthroscopy of 

the ankle joint, concurrent with ankle fracture 

repair, has been gaining popularity—to detect 

OCL and treat them at the time of initial repair 

of ankle fracture. However, this procedure, for 

this indication, has yet to become a standard of 

practice—likely due to the paucity of high-level 

evidence in the literature to support its concur-

rent use at the time of acute repair.

Prevalence of Intraarticular 
Lesions with Acute Ankle 
Fracture
The incidence of intraarticular lesions in acute 

ankle fracture, including chondral and osteo-

chondral defects, has been reported to be as 

high as 63% to 79%.1,2 In 2018, Da Cunha 

and colleagues4 reported on 116 patients who 

underwent acute ankle ORIF and concurrent 

arthroscopy. They found that 78% had a chon-

dral lesion and 43% had a full-thickness OCL; 

furthermore, they found that patients who had 

an ankle dislocation or syndesmosis disruption 

A Role for Arthroscopy in Managing Ankle Trauma?
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The incidence of intraarticular lesions in acute ankle 
fracture, including chondral and osteochondral defects, 

has been reported to be as high as 63% to 79%.
Continued on page 44
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were much more likely to develop a lesion. 

The same year, Lambers and co-workers 

found a higher incidence of OCL with syndes-

motic injury when evaluating postoperative 

computed tomographic scans after standard 

malleolar ORIF.7 Recent literature7,8,9 has been 

trending toward a correlation between poor 

clinical outcome and chondral or osteochondral 

lesions after fracture repair. 

The diagnosis and timeline for treatment 

therefore comes into question: Should intra-ar-

ticular pathology be addressed at the time of 

initial fracture repair via arthroscopy? Or is it 

better addressed as a subsequent procedure if 

postoperative discomfort ensues?

Advantages of Arthroscopy
The ability to diagnose intraarticular pathology 

is limited: Plain radiography can miss as many 

as 50% of OCL. Often, more advanced studies, 

such as magnetic resonance imaging, are neces-

sary to make the diagnosis, but these tests are 

expensive and time-consuming for the patient. 

Yasui and colleagues10 reported that, in their 

study, magnetic resonance imaging overestimat-

ed the size of OCL, compared to arthroscopic 

measurement, more than 50% of the time. They 

concluded that direct visualization, by arthros-

copy, is diagnostically superior. Arthroscopy 

has the advantages of direct visualization of 

any lesions present and better visualization of 

articular alignment during concurrent fracture 

reduction and offers immediate assessment 

and treatment of any cartilage or ligamentous 

damage. 

Chiang and co-workers5 studied 105 pa-

tients with a supination-external rotation ankle 

fracture who were treated with either stan-

dard ORIF or arthroscopic-assisted minimally 

invasive ORIF. They reported a significantly 

lower complication rate (7.7%) and reoperation 

rate (1.5%) in the arthroscopic-assisted group 

than in the standard ORIF group (27.5% and 

12.5%, respectively). Furthermore, arthroscopy 

was found to decrease soft-tissue disruption, 

preserve vascularity, allow removal of any 

loose bodies, and provide direct visualization 

of syndesmotic and deltoid ligaments.3 Also, 

more syndesmotic injuries were identified in the 

arthroscopic group.

It can be extrapolated, therefore, that, 

when intraarticular pathology is discovered and 

treated with arthroscopy at the time of initial re-

pair, the utility of this procedure includes lower 

cost, less time in the operating room and under 

anesthesia, and better functional outcomes.

Those Advantages 
Notwithstanding…
Arthroscopy concurrent with ankle fracture 

repair is not, however, the standard of care 

among most surgeons. It has been reported that 

Continued from page 43
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Yasui and colleagues reported that, in their study, magnetic 
resonance imaging overestimated the size of OCL, compared 

to arthroscopic measurement, more than 50% of the time. 
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only 1% of surgeons are considering arthroscopy 

at the time of initial repair,1 (although this per-

centage is increasing). Why this low percentage? 

Consider these possibilities:

•	 Arthroscopy has an associated learning 

curve; performing the procedure is a 

learned skill that not every surgeon is 

trained to perform adequately.

•	 Simple fractures are less likely to be 

associated with an OCL. It has been 

suggested that, as the Lauge-Hansen grade 

of severity of fracture increases, so does the 

likelihood of a chondral or osteochondral 

lesion.4 

•	 Several studies4,5,12 have found an increased 

prevalence of OCL with ankle dislocation 

or syndesmotic injury. 

•	 Not all OCL are accessible through 

standard anterior or posterior portals. 

Depending on the size and location of the 

lesion, additional means, such as open 

arthrotomy, might be indicated. 

Further research might be necessary to 

establish an algorithm for determining when 

arthroscopic management of ankle fracture is 

indicated.

Summing Up
Although the literature supports the contention 

that OCL cause poor outcomes and are highly 

prevalent in acute ankle fracture, ORIF and con-

current arthroscopy is not yet the standard of 

care. Evidence supports the expectation of good 

or excellent outcomes following traditional ORIF 

of ankle fractures; additional evidence indicates 

that ankle arthroscopy can be successful at iden-

tifying and treating intraarticular pathology. 

However, there is insufficient high-level 

evidence regarding functional outcomes and 

complication rates on the use of arthroscopy 

with ankle fracture repair. No documentation 

supports a finding of improved outcomes with 

arthroscopy, compared with standard ORIF, for 

treatment of acute ankle fractures. 

Although additional research is necessary, 

given the high prevalence of OCL with high-

grade ankle fracture, it might be beneficial for 

the patient to undergo arthroscopy at the time of 

initial repair. 

Kevin Burke, DPM, is a first-year resident at 

Mercy Hospital and Medical Center in Chicago, 

IL.

Jonathan Hook, DPM, is board-certified 

in foot surgery and reconstructive rearfoot and 

ankle surgery by the American Board of Podiatric 

Surgery. A Fellow of the American College 

of Foot and Ankle Surgeons, he is in private 
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These authors tap unusual 
but useful historic data sets 
to enlighten the search for 
the mechanisms that cause 
exercise-associated muscle 
cramps.

By Ronald J. Maughan and Susan M. 

Shirreffs

Few athletes escape the painful experience of 

muscle cramps. Cramps that occur during or 

soon after a bout of physical activity have been 

termed exercise-associated muscle cramps 

(EAMC), and these are commonly experienced 

as a “painful, spasmodic contraction of the skel-

etal muscle that occurs during or immediately 

after muscular exercise.” 

This review is based in part on a review 

of the literature using the Web of Science da-

tabase and the key words ‘cramp’, ‘muscle’ and 

‘exercise’. Titles and abstracts of the 379 results 

returned were screened for relevance. The 

same search on PubMed returned 236 items. 

Earlier publications were identified from various 

sources.

Several surveys have attempted to identify 

the prevalence of EAMC in different sports pop-

ulations, but comparing results across studies is 

hampered by different definitions and different 

measurement periods, and also by the use of 

different assessment tools. Nonetheless, EAMC 

has been reported to affect 67% of triathletes 

during or after training or racing, 18–70% of 

marathoners or endurance cyclists, and 30–53% 

of American football players. Although seeming-

ly suggesting that cramp is common, these data 

are a mixture of incidence rates in single events 

and lifetime incidence. Most often, cramping is 

a relatively minor inconvenience: Schwabe et al. 

reported the incidence of serious muscle cramp-

ing to be less than one per thousand runners in 

a large cohort (65,865 runners) of participants 

in half-marathon and ultra-marathon events. 

To put these data in perspective, Abdulla et al. 

reported that among an outpatient sample aged 

65 years or older, 50% of outpatients experi-

enced frequent muscle cramps, and that another 

survey of a similar population reported a similar 

prevalence of 56%, with half having cramps 

occurring at least once per week. About 7–12% 

of patients with amyotrophic lateral sclerosis 

EXCERPT:

Muscle Cramping During Exercise: Causes, 
Solutions, and Questions Remaining, Part 1
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Key Points
•	 Exercise-associated muscle cramp (EAMC) is a temporary but intense and painful 

involuntary contraction of skeletal muscle occurring during or soon after a period of 

physical activity. 

•	 EAMC is highly unpredictable and it seems likely that different mechanisms may operate 

in different scenarios. 

•	 Proposed mechanisms include disturbances of water and electrolyte balance, and 

abnormal spinal reflex activity. 

•	 No prevention strategy or treatment is consistently effective.
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(ALS), a progressive, fatal neurodegenerative disorder, present with 

muscle cramping.

The statistics on EAMC from athlete populations do not reveal the 

fact that for some of those afflicted, it may be a rare occurrence—perhaps 

only one or two incidents over the course of a whole career, and therefore 

mostly of negligible impact—while others may be affected much more 

frequently and much more severely. The intensity and duration of cramps 

can vary greatly, from a minor spasm that resolves spontaneously within 

a few seconds, to the whole-body ‘lock up’ lasting several minutes that 

some athletes describe. In severe cases, the muscle pain may persist for 

hours or even days after the acute contraction has resolved, and may 

result in an inability to train or compete. At worst, repeated episodes can 

result in a premature end to an athlete’s career.

There are many different potential causes of muscle cramps, most 

of which are not associated with exercise but with a range of clinical 

conditions or the use of drugs for the treatment of those conditions. Even 

within the narrow area of EAMC, the highly localized cramp in the calf 

that afflicts the football (soccer) player late in the game is very different 

from the whole-body cramps that some American football players and 

tennis players describe and that have been reported in some industrial 

settings. These in turn are different from the cramp that afflicts small 

muscles used in repetitive exercise, such as the hand in writers or typists. 

Cramps typically occur spontaneously and may or may not occur predict-

ably. Some cramps are associated with fasciculations or other prodromal 

symptoms, but there may be no warning in other cases. Cramp in some 

small muscles can be induced in the laboratory, but not all cramps can be 

induced reliably and not all individuals are susceptible, making cramps 

difficult to study. Likewise, some cramps occur early on during exercise, 

while some occur only after prolonged periods of exercise; others still 

occur some minutes or even many hours after exercise. It is not clear 

that the mechanisms underpinning these different types of cramp are the 

same.

This uncertainty is reflected in the conclusion of several recent re-

views that the causes of EAMC, and therefore the treatment options, re-

main uncertain. Two main hypotheses have been proposed and continue 

to be debated:  a disturbance of water and salt balance, and a neurologi-

cal cause resulting in sustained abnormal discharge of motor drive to the 

afflicted muscles. Each of these has some support, but neither can fully 

explain the nature of EAMC.

Continued from page 49

EAMC occurred most often during the 
first 3 weeks of practice, when fitness and 

acclimation levels are likely to be lowest and 
when the training load is often the highest. 



Risk Factors for Exercise-Associated Muscle 
Cramp (EAMC)
Although EAMC has been observed in both training and competition 

in almost every type of sport, it does seem to be more associated with 

endurance-type activities and in team sports. A 2006 analysis by Cooper 

et al. of cramp among American football players showed that the great 

majority (95%) occurred during periods of hot weather: EAMC occurred 

most often during the first 3 weeks of practice, when fitness and acclima-

tion levels are likely to be lowest and when the training load is often the 

highest. The incidence of heat cramps was 37% during the first week of 

the training camp, then 27%, 18% and 4% in the succeeding weeks. The 

incidence of EAMC may also be high in endurance events taking place in 

cool or cold environments: Maughan found that 15 of 92 (18%) runners 

experienced cramp during a single marathon race taking place at 10–12 °C. 

Most cases occurred in the later stages of the race, after an average of 35 

km had been completed: no cases were reported to have occurred before 

24 km, and 5 of the 15 instances occurred during the last 1.5 km. 

Schwellnus and colleagues have suggested that EAMC in mara-

thon runners is associated with high intensity, long duration, and hilly 

terrain, which can lead to ‘premature muscle fatigue’ in competitors with 

a history of cramping. It is not immediately obvious what is meant by 

’premature’ fatigue and how this might differ from the fatigue that is an 

inevitable consequence of participation in such events. Schwellnus et al. 

reported that, in a prospective cohort study in 210 Ironman triathletes, 

independent risk factors for EAMC were a history of the condition and 

competing at a higher than usual exercise intensity, but that dehydration 

and serum sodium changes did not predict EAMC. Other risk factors 

included older age, a longer history of running, higher body mass index 

(BMI), shorter daily stretching time, irregular stretching habits, and a 

positive family history of cramping.

In a more recent analysis of cross-sectional data from almost 

16,000 participants in two races over a distance of 21.1 km and 56 km, 

Schwellnus et al. identified a number of differences between runners who 

reported a history of EAMC (n = ~ 3000) and a control group with no 

such history (n = ~ 13,000). Factors associated with a history of EAMC 

included underlying chronic disease (including cardiovascular, respirato-

ry, gastrointestinal, nervous system, kidney, bladder and hematological 

disease), as well as cancer, allergies, regular medication use, and a history 

of injury. More experienced runners were also at greater risk. Whether 

some underlying common factors underpin these associations is not clear. 

Possible Causes of EAMC
Two main causes for muscle cramps have been proposed. This suggests 

an either/or dichotomy, and this is how the literature is often presented, 

though the picture is not at all clear, and the evidence on both sides is 

weak. It is unlikely that a single mechanism can account for all cramps in 

all situations, therefore the search for a single causal mechanism is prob-

Continued on page 53
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ably futile. It follows from this that strategies for 

the prevention and treatment of the condition 

are also unlikely to be one-dimensional. How-

ever, whatever the primary cause, it is clear that 

cramp is accompanied by active contraction of 

the afflicted muscle, as evidenced by high levels 

of muscle electrical activity.

Disturbances of Hydration 
and Electrolyte Balance
The role of changes in hydration status and 

electrolyte balance as a factor in the etiology of 

EAMC was dismissed by Schwellnus, who said 

that “Scientific evidence in support of the ‘elec-

trolyte depletion’ and ‘dehydration’ hypotheses 

for the etiology of EAMC comes mainly from 

anecdotal clinical observations, case series total-

ling 18 cases, and one small (n =10) case–con-

trol study.” This assessment has been repeated 

in many subsequent publications: there may 

however be more evidence.

The strongest evidence that sweat-related 

electrolyte imbalances are a factor in some 

muscle cramps is found in the large-scale ob-

servational and prospective studies of industrial 

workers—mainly studies on miners, ship’s 

stokers, construction workers and steel mill 

workers that were conducted in the 1920s and 

1930s—where administration of saline drinks 

or salt tablets was able to greatly reduce the in-

cidence of cramps. These studies were inevitably 

limited by the methods available at the time, but 

they did have the advantage of access to large 

populations and the keeping of careful medical 

records related to productivity. It is easy to 

dismiss much of the older literature, but some of 

the observations were extensive and meticulous. 

Although methodologies were limited, 

some of the observations were acute and some-

times remarkably prescient. For example, in 

1923 Moss documented cases of cramp among 

coal miners, attributing the onset of cramps, 

which in some cases were debilitating, to (1) 

high air temperatures; (2) excessive drinking 

of water caused by dryness of the mouth and 

throat; and (3) continued hard work. He also 

observed that cramps tended to occur during 

the second half of a working shift and in men 

who were less physically fit, thus implicating 

not only sweat losses but also fatigue in the 

etiology. It should be noted that cramp was not 

attributed to dehydration or increased serum 

electrolyte concentrations, but rather “to a form 

of water poisoning of the muscles brought about 

by the combination of great loss of chloride 

by sweating, excessive drinking of water, and 

temporary paralysis of renal excretion.” Chloride 

was normally measured in body fluids as there 

was no good assay for sodium at the time, but 

there is a close relationship between sodium and 

chloride concentration in sweat. This does not 

implicate dehydration, but rather inappropriate, 

and perhaps excessive, intake of plain water in 

combination with large losses of electrolytes in 

sweat. 

[Furthermore,] in 1936 Dill et al. report-

ed the findings of intervention studies carried 

out at the site of construction of the Hoover 

Dam and in the steel mills of Youngstown, 

Ohio. At both  locations, large numbers of men 

undertook hard physical work in extremely 

hot environments on a daily basis. They found 

that those suffering from cramp displayed the 

following characteristics: (1) dehydration; (2) 

lowered concentration of sodium and chloride in 

blood plasma; (3) little or no sodium or chloride 

in urine; (4) increased serum protein concen-

tration; (5) increased red cell count; and (6) 

normal osmotic pressure.

This presents a complex picture: some of 

these findings are typical of dehydration (1, 4 

and 5), while others are consistent with over-

hydration (2, 3). However, they also reported 

that injection of isotonic saline normalized the 

blood profile and brought immediate relief from 

the symptoms. In the largest intervention study, 

reported in the same paper, they added saline 

to the water given to the 12,000 men employed 

in one of the mills, while those at neighbor-

ing mills continued to be provided with plain 

water; this was effective in almost completely 

abolishing cases of muscle cramp, [whereas] in 

previous years, and at other mills in the same 

year where plain water was given, up to 12 cases 

of cramp required hospitalization in a single day.

In a controlled environment, severe 

restriction of dietary sodium intake can result 

in hyponatremia and may be associated with 

generalized skeletal muscle cramping in the 

absence of exercise. Some more recent studies 

have assessed changes in hydration status and 

plasma electrolyte concentrations in athletes 

who have experienced muscle cramps, including 

marathon runners, participants in a 56 km road 

race, competitors in an Ironman triathlon, and 

participants in a 161 km ultramarathon. None 

of these showed any association between cramp 

Continued on page 54

The strongest evidence that sweat-related electrolyte 
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and serum electrolyte changes, but it is import-

ant to note that serum electrolyte concentrations 

may be of little relevance. Local intracellular 

and extracellular electrolyte concentrations 

may be relevant as they will affect the resting 

membrane potential of both muscle and nerve, 

but it is unlikely that changes in plasma concen-

trations can track these changes; there is good 

evidence that changes in the plasma concen-

tration of these electrolytes do not reflect local 

intramuscular changes during either intense or 

prolonged exercise. 

There is some experimental evidence 

(small studies, case reports, etc.) that individual 

athletes who lose large amounts of salt in their 

sweat may be more prone to muscle cramps. 

Stofan et al. found that sweat sodium losses 

during training sessions were larger in cramp-

prone football players (n = 5) than in a group of 

players with no history of EAMC. Subsequently, 

the same research group investigated a refer-

ence group of American football players (n = 8) 

without a cramping history, and a cramp-prone 

group (n = 6). Whole blood sodium concentra-

tion (plasma sodium concentration) remained 

unchanged after training in the control group 

(138.9 ± 1.8 to 139.0 ± 2.0 mmol/L), while it 

tended to decline (137.8 ± 2.3 to 135.7 ± 4.9 

mmol/L) in the cramp-prone players. 

In support of a role for disturbances of 

water and salt balance as a causal factor, Ohno 

and Nosaka showed that a body fluid deficit of 

3% of body mass induced by intermittent sauna 

exposure without exercise increased the number 

of subjects who developed EAMC during a 

muscle cramp test in the toe flexors, but not 

in the knee extensors. Jung et al. had partici-

pants perform a fatiguing protocol in the calf 

muscles to induce EAMCs. In one trial, subjects 

consumed a carbohydrate electrolyte drink at 

a rate similar to sweat rate, while in the other 

trial, no fluid was consumed and mild (1% loss 

of body mass) hypohydration developed. Nine 

participants experienced cramps in the carbohy-

drate–electrolyte trial, compared with seven in 

the hypohydration trial. Of the seven individuals 

who had EAMC in both trials, time to onset was 

more than doubled in the carbohydrate–electro-

lyte trial (36.8 ± 17.3 min) compared with the 

hypohydration trial (14.6 ± 5.0 min). Subjects 

who experienced cramps sweated more  

(2.0 ± 0.9 L/min) than those who did not  

(1.3 ± 0.6 L/ min). 

Although numerous papers have disputed 

the findings above, two recent publications 

seem likely to reopen the debate on the role of 

disturbances of water and salt balance in the de-

velopment of EAMC. Ohno et al. systematically 

investigated the susceptibility of voluntarily-in-

duced EAMC in hamstrings after hypohydration 

of 1, 2, and 3% of body mass induced by sauna 

exposure without exercise. No EAMC occurred 

in the nine participants in the control condi-

tion or after 1% dehydration; three subjects 

experienced EAMC in the 2% and six in the 3% 

condition. In the study by Lau et al., 10 men ran 

downhill in a hot environment until they lost 

2% of their initial body mass [46]. Ten minutes 

after completing the run, they ingested either 

plain water or a commercially available oral 

rehydration solution (ORS) containing sodium 

(50 mEq/L), chloride (50 mEq/L), potassium 

(20 mEq/L), magnesium sulphate (2 mEq/L), 

lactate (31 mEq/L) and glucose (18 g/L) in a 

volume equal to the mass lost. Susceptibility of 

the calf muscles to electrically-induced cramp 

was assessed by a threshold frequency (TF) test 

applied at baseline before running, immediately 

after running, and 50 and 80 min after drink 

ingestion. Muscle cramp susceptibility did not 

change from baseline to immediately after 

running in either condition, but TF decreased 

after water intake by 4.3 Hz (at 30 min) and 

5.1 Hz (at 60 min post-run), but increased after 

ORS intake by 3.7 and 5.4 Hz, respectively. The 

investigators reported that serum sodium and 

chloride concentrations decreased after water 

intake but were maintained after ingestion of 

the electrolyte-containing drink.

In accord with the mechanisms proposed 

by Moss and others in the 1920s, these results 

suggest that the combination of sweat loss and 

water intake makes muscles more susceptible 

to electrical simulation-induced muscle cramp, 

but the susceptibility to muscle cramp decreases 

when a drink with a high electrolyte content is 

ingested. It is interesting to note that cramping 

is a recognized accompaniment of hyponatremia 

(defined as a serum sodium concentration  

< 135 mmol/L) in clinical settings. However, 

literature on exercise-associated hyponatremia 

generally makes no mention of muscle cramp-

ing.

While cramp is often associated with large 

sweat losses during prolonged exercise in the 

heat, it also occurs in cool environments with 

little or no sweat loss, suggesting that sweat loss 

alone and the consequent disturbances of electro-

lyte balance cannot account for all cramps. 

Part 2 of this article, which will appear in our 

February issue, will cover altered neuromuscular 

control and possible prevention and treatment 

strategies.

Continued from page 53

The intensity and duration of cramps can vary greatly, 
from a minor spasm that resolves spontaneously within 

a few seconds, to the whole-body ‘lock up’ lasting 
several minutes that some athletes describe. 
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The EVENup is a temporary shoe lift designed 
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MYQUEST SOFT AFO FOR 
FOOT DROP

Available from New England Foot Drop Center 

is the MyQuest soft ankle foot orthosis (AFO) 

for foot drop. The MyQuest AFO is designed 

to allow for flexibility and adjustability using 

three custom clips and elastic cords that attach 

a soft cuff worn around the ankle to the outside 

of the shoe. The AFO provides support for 

mild to severe dorsiflexion and limits inversion 

to avoid tripping, while allowing full range of 

motion of the leg, ankle, and foot to decrease 

the possibility of muscle atrophy. The custom 

clips can be attached to a variety of footwear, 

such as dress shoes, sandals, slippers, boots, 

and sneakers, so the AFO can be worn all day. 

The device also provides therapeutic support 

while stretching or exercising. MyQuest is 

available in black, white, and tan.

New England Foot Drop Center

603/339-0002

nefootdropcenter.com

RESEARCHERS LAND 
FUNDING TO FURTHER 
STUDY DIABETIC ULCER 
DRUG
Researchers at the University of Notre Dame 

recently received $4.6 million from the US 

Department of Defense to help fund studies 

for a drug they developed for the treatment 

of diabetic foot ulcers. The compound, called 

(R)-ND-336, is a topical gel. It was developed 

by Mayland Chang, PhD, research professor 

in the Department of Chemistry and Bio-

chemistry, and Shahriar Mobashery, PhD, the 

Navari Family Professor in Life Sciences in the 

Department of Chemistry and Biochemistry. 

The studies are required before the compound 

can be given approval by the US Food & Drug 

Administration (FDA) to be tested on people. 

Chang and Mobashery expect this pre-clinical 

phase to last 2 years, and both anticipate the 

compound to move ahead to human trials.

Additionally, they have shown that their 

compound should not cause cancer or have 

other toxic side effects, unlike becaplermin, 

the only FDA-approved drug on the market to 

treat diabetic ulcers. Becaplermin, which was 

introduced 20 years ago, uses a growth factor 

to stimulate tissue healing and is moderately 

effective but has a Black Box warning for an 

increase in cancer and death. They compared 

its effectiveness with (R)-ND-336 in diabetic 

mice and showed that (R)-ND-336 was more 

effective.

AFO FASHION COVER
Many people who wear AFOs are self-con-

scious and will only wear long pants, so the 

AFOs won’t be noticeable. AFOs also limit 

the type of shoes that can be worn, making it 

difficult to wear styles like skirts, capris, and 

boots. Brace for Fashion was borne out of this 

need—to cover the brace with a trendy, yet 

classic cover. The user pairs the AFO with a 

compatible shoe or high-top sneaker, and then 

zips the cover over the brace. With the cover 

serving as an accessory, users of the Brace 

for Fashion system now have the freedom to 

wear outfits that they might previously had 

felt self-conscious about. Multiple designs are 

available. Covers come in small, medium, and 

large, coinciding with calf circumference (mea-

sure the calf with the leg brace on).

Brace for Fashion

732/310-8588

braceforfashion.com

STUDY: STUDENT 
ATHLETE SAFETY IS NOT 
A PRIORITY IN US HIGH 
SCHOOLS
A recent study showed that one-third of public 

and private high schools in the US have no 

access to athletic trainers and that lack of 

appropriate sports medicine care is even 

greater for private schools where parents are 

traditionally paying for what they perceive as 

a better and safer experience. The study, “Ath-

letic Trainer Services in the Secondary School 

Setting: The Athletic Training and Locations 

Services Project (ATLAS),” conducted by the 

Korey Stringer Institute, was published in the 

Journal of Athletic Training. To date, this is the 

most comprehensive study to capture the level 

INDUSTRY SNAPSH T
Noteworthy products, association news, and market updates

58 1.20  lermagazine.com

Image of Chang and Mobashery by Matt Cashore, 

University of Notre Dame.



of athletic trainer services as it included every 

US public and private high school with an 

athletics program.

Notable Statistics

• Of the 20,272 secondary schools iden-

tified, 66% of schools had access to athletic 

trainer services, defined as receiving services 

in any form by a licensed or certified athletic 

trainer, while 34% had no access.

• Of those schools with access to athletic 

trainer services, 53% received full-time (FT) 

services, the gold standard of care, while 47% 

received part-time (PT) services.

• Of the 16,076 public schools identified, 

37% had FT, 32% had PT, and 31% had no 

athletic trainer services. Of the 4,196 private 

schools identified, 27% had FT, 28% had PT, 

and 45% had no athletic trainer services.

“Schools need to see athletic trainers are 

an essential requirement to having an athletics 

program—similar to how they see the coach,” 

said National Association of Athletic Trainers 

(NATA) President Tory Lindley, MA, ATC. 

“While coaches oversee play on the field, 

athletic trainers are responsible for injury 

prevention and addressing the physical and 

mental effects of playing the game. Athletic 

trainers should not be a luxury but rather a 

necessity for all programs.”

To access the study, visit natajournals.org/

doi/pdf/10.4085/1062-6050-12-19.

ADJUSTABLE HYBRID 
DORSAL NIGHT SPLINT

New from Elite Orthopaedics is the Adjustable 

Hybrid Dorsal Night Splint for the treatment of 

plantar fasciitis, Achilles tendonitis, heel pain, 

and other lower extremity overuse injuries. The 

splint is designed to provide custom dorsiflex-

ion and relief from plantar fasciitis. The device 

has a 3-point strap adjustment system to allow 

for optimum comfort and a more secure fit. 

The soft inner liner and extra padding provide 

additional patient comfort. The splint can be 

used on either the right or left foot. It is avail-

able in two sizes: small/medium and large/XL. 

Suggested HCPCS codes: L4396 or L4397.

Elite Orthopaedics

800/284-1688

elite-ortho.com

CURBELL O&P HEAVY 
TRANSFER PAPER

Curbell O&P, a division of Curbell Plastics, has 

introduced heavy transfer paper to its lineup 

of O&P materials and products. Available in 

a variety of patterns and colors, the transfer 

paper is ideal for adding style to the orthotic 

experience for children and adults alike. Heavy 

transfer paper performs well on larger thermo-

plastic sheets and there is less opportunity for 

wrinkling, tearing, and flyaway. There is also 

less disruption of patterns or prints during the 

application process. New patterns include blue 

rockets, colorful koi fish, sugar skulls, digital 

camo in popular colors, and classic skulls and 

crossbones.

Curbell Plastics

800/553-0335

curbellplastics.com

INSTANT FOOT SUPPORT 
WITH NEW EXTRAARCHES

PediFix is now offering new, self-adhering arch 

support pads that relieve heel, arch, and gen-

eral foot pain. ExtraArches support pads are 

anatomically shaped to provide instant, lasting 

support with fabric-covered Visco-GEL that 

never bottoms out. These arch support pads 

gently limit pronation to improve biomechanics 

and reduce foot fatigue with extra cushioning. 

They are designed for patients who want relief 

from heel and arch pain but do not want to use 

orthotics or inserts. ExtraArches are engi-

neered to fit into any type of footwear, adding 

comfort and support to shoes lacking an arch 

raise. The pads come in small, medium, and 

large. Free samples are available.

PediFix

800/424-5561

pedifix.com

HANDHELD 
FLUORESCENCE IMAGING 
DEVICE FOR WOUND 
MANAGEMENT RECEIVES 
FDA 510(K) CLEARANCE
MolecuLight, Toronto, Canada, has received 

510(k) clearance from the US Food & Drug 

Administration (FDA) for its i:X handheld 

fluorescence imaging device for use in the 

detection of wounds containing bacteria. The 

MolecuLight i:X enables real time point-of-

care visualization of fluorescence in wounds 

and measures wounds and digitally records 

all images and area measurements. Results of 
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the clinical study submitted with the 501(k) 

application demonstrated a threefold increase 

in both sensitivity and diagnostic odds ratio 

in the number of wounds detected as having 

a bacterial load of >104 CFU/g by use of the 

MolecuLight i:X in combination with clinical 

signs and symptoms as compared to exam-

ination of clinical signs and symptoms alone. 

The threefold increase in diagnostic odds ratio, 

measuring the overall effectiveness of diagnos-

tic tests, was confirmed via microbiology.

The company also announced that per the 

American Medical Association, the procedure 

for fluorescence imaging of bacteria will receive 

a Category lll Current Procedural Terminology 

code, effective July 1, 2020, which will enable a 

reimbursement pathway.

In addition to the 510(k), the MolecuLight 

i:X also has CE marking allowing for its sale in 

Europe and is approved by Health Canada for 

sale in Canada.

BOTANICAL FOOT PEEL 
MASK

Soft Touch Foot Peel Mask is an exfoliating 

treatment for dry, cracked, and calloused feet. 

To use, clean and dry feet, slip feet into the foot 

masks, and seal. Leave the foot masks on for 1 

hour, and then remove and wash feet with soap 

and water. No need for vigorous scrubbing or 

a foot file scraper that can make feet feel and 

look battered. One to 2 weeks after application, 

the dead skin will start to fall off and calluses 

will be removed, revealing soft, smooth skin 

underneath the feet and toes. The formerly 

cracked heels will be soft and supple. The foot 

mask lotion is made from natural ingredients 

and safe botanical extracts, including papain 

and aloe vera extract. The foot peel masks 

come 2 pairs to a box.

Soft Touch

softtouchfootcare.com

PEDIFOOT DEFORMITY 
CORRECTION SYSTEM

OrthoPediatrics announced the domestic 

launch of the PediFoot Deformity Correction 

System following 510(k) clearance by the US 

Food and Drug Administration. According to 

the company, this is the first pediatric-specific 

system to treat fractures and deformities of 

the foot and ankle. The PediFoot system is 

designed to focus on lateral column lengthen-

ing, calcaneal slide osteotomies, opening and 

closing wedge osteotomies, and arthrodesis 

procedures. It offers the smallest plates and 

screws within the company’s product portfolio, 

which enables greater effectiveness in address-

ing cavus foot, flatfoot, clubfoot, and hallux 

valgus. Patients will benefit from the innova-

tive instrumentation, which flexibly follows 

the anatomic movement of the bones during 

the correction process. PediFoot is the first 

OrthoPediatrics product to feature StarLoc, a 

variable angle, locking-screw technology. The 

system also includes PediPedal, a combination 

of non-slip platforms and handle that assist the 

surgeon in taking repeatable, simulated weight 

bearing x-rays during surgery.

OrthoPediatrics Corp.

orthopediatrics.com

646/536-7035

ENGINEER RECEIVES 
GRANTS TO FURTHER 
DEVELOP UTAH BIONIC 
LEG
Engineers at the University of Utah (UofU), 

Salt Lake City, have developed and have been 

trialing a computerized bionic leg to help 

amputees walk faster, easier, and with better 

balance. Now, mechanical engineering assistant 

professor Tommaso Lenzi, PhD, who heads 

the project developing the Utah Bionic Leg, 

has received 2 grants to further advance the 

technology. One is a $2.2 million award from 

the National Institutes of Health and the other 

a $600,000 grant from the National Science 

Foundation

The leg uses custom-designed force and 

torque sensors as well as accelerometers and 

gyroscopes to help determine the leg’s position 

in space. Those sensors are connected to a 

computer processor that perceives the envi-

ronment and determines the user’s rhythmic 

motions, step length, and walking speed. Based 

on that real-time data, it then provides power 

to the motors in the ankle and knee joints 

to assist in walking, standing up, ascending 

stairs, or maneuvering around obstacles. These 

systems working in conjunction give the user 

more power to walk with less stress on the 



body than with a standard prosthesis. That 

means people with amputations, particularly 

elderly individuals, can walk much longer with 

the prosthesis.

Just as important, the leg weighs about 

6 pounds, half the weight of other bionic legs 

under development. While the prosthesis is 

made of mostly aluminum and titanium, the 

lightweight construction is more due to the 

leg’s design in which “all of the elements play 

together,” Lenzi said. “We have a unique way 

of designing the systems.” For example, the leg 

uses a smart transmission system connecting 

the electrical motors to the joints. This opti-

mized system intuitively knows what kind of 

activity the user wants to do and automatically 

adapts to it, like shifting gears on a bike. The 

leg also uses smaller batteries to power the 

motors that are built into the leg.

The grants will be used to research how 

the leg enables a user to move better and do 

more. The team will also be researching how 

the prosthesis could be designed to better an-

ticipate a user’s movements by tracking muscle 

activity in the person’s residual limb.

SHOWER SOLE SCRUBBER 
AND FOOT MASSAGER

For some patients, bending over to clean their 

feet is difficult and sometimes even dangerous. 

Cleaning one’s feet thoroughly, without bending 

over, is now possible with the Shower Sole 

Scrubber and Foot Massager available from 

Love, Lori, a company dedicated to advanced 

foot care. The product features hundreds of 

flexible, gentle scrubbing bristles to easily and 

thoroughly clean the user’s feet and other-

wise hard-to-reach areas between the toes. In 

addition, the Shower Sole Scrubber and Foot 

Massager also serves to massage tired, achy 

foot muscles by stimulating lower extremity 

blood flow and circulation. By providing an 

avenue to healthy foot care, the scrubber helps 

to eliminate such common foot ailments as 

athlete’s foot and ringworm. Available in blue, 

pink, gray, and clear.

Love, Lori

love-lori.com
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INTEGRITY ORTHOTICS 
JOINS LBG MEDICAL/
STRIVE FOOTWEAR
Integrity Orthotics has joined the LBG Medical 
family of companies. Based in the United 
Kingdom, LBG Medical has been a leading 
orthotic provider for over 40 years and is the 
largest custom orthotic laboratory in Europe.

Integrity Orthotics will continue to operate as 
a separate business with the current leader-
ship team and staff to remain in place. This 
new partnership will allow Integrity to bring 
Europe’s best-selling collection of custom-
izable prefabricated inserts and a premium 
line of leather custom orthotic sandals to the 
North American market. Work on a new web-
site, to include useful educational elements 
and an improved functionality, is underway.

“Our goal remains to assist our valued practi-
tioners in achieving optimal patient outcomes. 
This new partnership will significantly en-
hance our ability to accomplish this goal with 

the help of the new products, resources, and 
technology at our disposal. These will help us 
to achieve consistent turnaround times, price 
stability, and enhanced customer services 
as we move forward together,” said Peter 
DeLuca, president of Integrity. 

LBG Medical acquired the European op-
erations of Langer in 2008 and has since 
revolutionized the business through improved 
processes, a devotion to quality, and the in-
troduction of several innovative new products. 
The Strive Footwear brand, launched in 2014 
and sold worldwide, consists of stylish wom-
en’s shoes and sandals incorporating podia-
trist-designed orthotic footbed technology.

Integrity Orthotics is a premium provider of 
high-quality, biomechanically precise cus-
tom orthotic devices throughout the US and 
Canada. The company, based in Arlington, 
Washington, is known for its comprehensive 
selection of products, its commitment to 
patient and practitioner satisfaction and its 
consultative support.  Kerry Finn tests the Utah Bionic Leg.

Photo Credit: Photograph courtesy of Mark Helzen 
Draper, UofU College of Engineering.



ACROSS

1 This can lead to overuse injury in athletes
6 Provided that
8 In good physical shape for athletics
9 Basketball league
11 Leg bone
13 Stop the flow of a liquid
14 Pelvic ________; strengthened by Kegel exercises
15 In medical research, a group of people sharing statisti-

cal or demographic characteristics
18 It’s around 3.14159
19 MRI or CT or PET
20 Organ or cell that responds to light, heat, or other 

external stimulus and transmits a signal to a sensory 
nerve

22 Abbreviated, a medicine for treating constipation
23 ______-Schlatter disease
25 ______ signs
26 Repeated floor contacts after basketball jumps
28 Abbreviation for muscle cramps linked to exercise
31 Nonspecific diagnosis in psychiatry, abbrev. 
32 Injury common in any sport with explosive movement

DOWN

1 NFL crew chief
2 Kneecap
3 Muscle–bone connector
4 Sports or trauma group
5 Relating to spine and joint disorders
7 Stress ____, more common when running on a soft 

surface
10 High-jump equipment
12 ___ rhythms
16 Coxa
17 Brain wave tracing, abbr.
19 Abnormally expanded
20 Inflammation color, often
21 They serve as pain centers in the brain
22 Improve or perfect one’s performance
24 Units of inherited characteristics
27 Exercise facility
29 Piece in a machine
30 Medical specialty in which pain is relieved by improving 

physical function, abbr.

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 crossword puzzle feature. The answer box can be 
found online at lermagazine.com.

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, cryp-
tograms, diagramless crosswords, word search, sudokus, anagrams, and word games published on 
mobile devices and e-readers. www.themecrosswords.com
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6th Annual 
ACFAP 

International 
Pediatric 

Foot & Ankle 
Seminar

May 15-16, 2020

The Oasis Resort 
Death Valley National Park, CA

Accreditation
13 CE Contact Hours

Topics include pediatric H&P, 
flatfoot,	equinus,	rotational	

conditions, sports medicine.

For details, visit: 
ACFAP.org/events.html

Or email

ljdacfap@gmail.com



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

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

OrthoRite 
                            orthotics

a l w ay s  a  s t e p  a h e a d

Leather LineWalk-Rite Graph-RiteSport-RiteDress-Rite

Ortho-Rite

I N C O R P O R A T E D
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Meet the world’s first mechatronic stance and 
swing phase control orthosis system (SSCO®), 
which controls both the stance and swing 
phase hydraulically with microprocessor sensor 
technology. For patients with neurological 
conditions affecting their legs, C-Brace supports 
the user during the entire gait cycle and adapts to 
everyday situations in real-time. It’s time to step 
into the future.

• Request a C-Brace Trial at 
 professionals.ottobockus.com/c-brace

C-Brace®
Step into the future.™


