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where different specialties can come 

together to discuss a never-ending array 

of biomechanical, structural, muscle- and 

tendon-related problems, injuries, and 

challenges. I’m proud to have been able 

to contribute numerous articles, writing 

from the sports podiatry perspective. 

Getting additional information both to 

and from numerous specialties such as 

physical therapy, orthopedics, podiatry, 

chiropractic and athletic training, to name 

a few, really adds to the team approach 

needed to reduce this epidemic of youth 

sports overuse and repetitive motion in-

juries. 

Keeping clinicians across the spec-

trum informed can help them help their 

patients by understanding some of these 

parental pressures and addressing those 

parents with sound guidance. That’s 

where the new book, #Hey Sports Parents: 

An Essential Guide for any Parent with a 

Child in Sports, can play a role. Whether 

your young athlete is serious and accom-

plished in their sport or just looking to 

participate and enjoy the experience, their 

safety and the prevention of injury—both 

overuse and acute, is very important. My 

co-author, Sharkie Zartman, knows a little 

about that. She’s a former All-American, 

National team member, and Hall of Fame 

volleyball player…she’s lived it! She is a 

kinesiology professor and long-time coach 

whose daughters were both D1 athletes. 

It’s a book for parents of athletes written 

by an athlete/coach and a sports podia-

trist who’s treated them. 

Our goal was to help parents under-

stand their role as the parent of an athlete, 

how to determine a youth’s level of par-

ticipation, and to provide criteria for how 

to choose a coach (and avoiding coach 

part of this mix of overuse—both physical 

and mental. The explosive use and abuse 

of pain killers, both over-the-counter and 

prescription, is extremely alarming, espe-

cially in our “pills for everything” sports 

culture. The pressure from parents and 

coaches is on young athletes to “suck 

it up” and stay in the game. While this 

thinking has been around for years in high 

school and college, this pressure is start-

ing at younger and younger ages. Adding 

to the burden is the parent- and coach-

driven notion of specializing in a single 

sport which directly increases the risk of 

repetitive motion injuries in young growing 

bodies.

While we all know that incorporating 

a multi-disciplinary approach to help deal 

with these problems is the gold standard 

of clinical care, we also know that med-

icine is a fragmented business. In this, 

its 9th anniversary issue, I’m pleased to 

be able to recognize the important role 

Lower Extremity Review and LER Pediat-

rics have played in creating a community 

It’s one of the key issues in youth sports 

today: an epidemic of overuse and repet-

itive motion injuries. It affects both lower 

and upper extremities, across the board, 

in all sports at all ages. As the world of 

youth sports has grown dramatically, so 

have these injury problems. Overuse inju-

ries cause a significant loss of time off the 

field, but more importantly, they threaten 

future sport participation which could in-

advertently lead to increased obesity. This 

population is at increased risk because 

growing bones are less resilient to stress 

and children’s awareness of symptoms as 

signs of injury are limited. 

Youth sports (age 6 – 18) has grown 

into a mega-business with traveling 

teams, club teams, training facilities and 

sports specific coaches annually serving 

upwards of 60 million youth, according 

to the National Council of Youth Sports. 

That’s in addition to our huge junior high, 

high school and college mania. Excessive 

pressure to play when hurt, overzealous 

parents, and Svengali-like coaches are 

By Robert A. Weil, DPM

GUEST Editorial
Youth Overuse Injuries and What  
Clinicians, Parents and Coaches Can Do

Most common overuse 
injuries in young athletes

•  irritation of the growth 
plate (apophysitis)

•  problems with tendons 

•  stress fractures

•  patellofemoral (knee) pain. 

Pain, decreased performance, 
limping and swelling should 
be evaluated as signs of 
possible overuse injuries. 

Continued on page 10
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abuse, which has exploded as a national 

nightmare of late). We have a Sports Doc-

tor section that addresses treatment and 

prevention of common acute and overuse 

lower extremity injuries, including what 

to tell your child’s various clinicians. We 

also discuss proper shoe selection, foot 

mechanics and orthotics, specialization 

concerns, youth sports and drugs, essen-

tial exercises and the challenges of youth 

tackle football. Following LER’s lead, we 

also include a team approach with expert 

commentaries:

•	 Nutrition for young athletes by 

registered dietitian Kate Davis

•	 Dr. Denise McDermott on athletics as 

mind medicine for life

•	 Sports safety by Dr. Steve Horwitz, 

chiropractor for the 1996 US Olympic 

Team and founder of TeamSafe™

These and other experts also tackle 

physical training, sports psychology and 

mental training, coaching and parental be-

havior as well as concussion information 

and awareness of youth sports emergency 

criteria. And the Parent Perspectives sec-

tion provides valuable insights, challenges, 

and experiences of real sports parents.

Athletic trainers, podiatrists, orthope-

dists and the community of clinicians who 

read Lower Extremity Review are key allies 

in the fight to limit overuse injuries in to-

day’s youth sports. LER’s focus on keeping 

its audience informed on all aspects of re-

search, treatment, and prevention of lower 

extremity problems in every sport imagin-

able is unmatched. Keeping the education 

and awareness of these huge challenges 

in our hyper youth sports culture is of 

ongoing importance to all of us. So glad 

to be part of the team…kudos to LER and 

LER Pediatrics!

Dr. Bob Weil is a sports podiatrist in private 

practice in Aurora, Illinois. He hosts “The 

Sports Doctor,” a live weekly radio show on 

bbsradio.com. For more information, go to 

sportsdoctorradio.com.

Continued from page 9
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Diet, osteoporosis, and  
hip fracture 
Osteoporosis reduces bone mass, weakening the overall microar-
chitectural structure of bone tissue and leaving individuals sus-
ceptible to fractures from falls, or in severe cases, hard sneezes.  
That postmenopausal women are at increased risk for osteopo-
rosis and the fractures it causes, has been known for some time. 
Cost-effective drug treatments available for postmenopausal oste-
oporosis can reduce the risk of hip fractures up to 40%.1 Studies 
have shown that bone mineral density (BMD) in postmenopausal 
women can be maintained or increased with therapeutic exercise. 
Now, two new studies show promise with dietary approaches, the 
first with a modified Mediterranean Diet,2 and the second with 
soy-based foods.3

The Mediterranean Diet focuses on vegetables, whole grains, 
fish, nuts, and olive oil. Numerous studies have shown it to be 
beneficial in treating several chronic diseases, such as diabetes, 
Alzheimer’s, Parkinson’s, and cardiovascular disease. Its role in 
osteoporosis had not been examined…until now. In a 1-year 
randomized clinical trial, researchers from across Europe sought 
to study the effects of a Mediterranean-like dietary pattern on 
indexes of inflammation in elderly adults. Secondary endpoints 
included BMD and biomarkers of bone and collagen breakdown. 
They recruited 1294 participants and 1142 completed the trial. 
Average age was 70.9 years.

Participants were randomized into 2 groups: the interven-
tion group received personally tailored dietary advice as well as 
food supplies (whole-grain pasta, olive oil, and a 10 μg/d vitamin 
D3 supplement). The control group received information about 
healthy eating in their home country. The vitamin supplement was 
to accommodate the variances in sunshine across the 5 countries 
in which the study was conducted.

Although the Mediterranean-like dietary pattern had no effect 
on site-specific or whole-body BMD, researchers found that serum 
25-hydroxyvitamin D significantly increased while parathyroid 
hormone dropped when compared to the control group. In the 
subgroup with osteoporosis at baseline (site-specific BMD T-score 
≤ −2.5 SDs), the rate of bone loss in femoral neck BMD was much 
slower than that experienced by the control group (P = 0.04). 
There was no effect on lumbar spine or whole-body BMD. 

Given that the normal growth pattern for bone can take years, 
the fact that these dietary changes were able to alter bone growth 
in 12 months makes this study significant. The authors conclude 
by calling for future studies to verify this “significant and interest-
ing” finding. 

In the second study, researchers from the University of Mis-
souri in Columbia sought to understand the additive and synergis-
tic effects of the bioactive components of soy-based proteins on 
the bones of postmenopausal women. The researchers used 2 
groups of rats specially bred for studying menopause (N = 40). In 
the first group, the ovaries were removed while the second group 
underwent sham surgery. Then, for 30 weeks the 4 groups were 
fed either a soy-based diet or a corn-based diet and weighed 
every week. At the end, the researchers analyzed blood samples, 
including bone turnover markers, body composition, and bone 

strength. They also examined the bone microarchitecture and me-
chanical breaking point.

On examination, the researchers found that the bones of 
the rats that had consumed the soy-based protein were stronger 
than those of the rats fed the corn-based diet. Specifically, the re-
searchers found that the soy diet improved tibial whole-bone and 
tissue-level biomechanical properties of cortical bone in rats both 
with and without ovaries. 

The authors conclude that their results support the ability of a 
“soy-protein based diet to improve metabolic and bone outcomes 
in both menopausal and premenopausal women.”  Furthermore, 
they emphasize that “results support the benefits of dietary soy 
protein, rather than the isolated, individual components.” 
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Data from: Tran T, et al. Persistence of excess mortality following individual non-hip
fractures: A relative survival analysis. J Clin Endocrinol Metab. 2018 Jul 19. doi: 

10.1210/jc.2017-02656. [Epub ahead of print].

Long-Term Excess Mortality After Fragility Fractures
(One-Year Post-Fracture)



•	Osteoporosis is estimated to affect 200 million women worldwide - approximately 
one-tenth of women aged 60, one-fifth of women aged 70, two-fifths of women 
aged 80 and two-thirds of women aged 90

•	Nearly 75% of hip fractures occur in women. About 20-25% of hip fractures 
occur in men. The overall mortality is about 20% in the first 12 months after hip 
fracture and is higher in men than women

•	It is estimated that the residual lifetime risk of experiencing an osteoporotic 
fracture in men over the age of 50 is up to 27%, higher than the lifetime risk of 
developing prostate cancer of 11.3%

•	Physical inactivity and a sedentary lifestyle as well as impaired neuromuscular 
function (e.g., reduced muscle strength, impaired gait and balance) are risk 
factors for developing fragility fractures

•	Falls contribute to fractures — 90% of hip fractures result from falls. A third 
of people over age 65 fall annually, with approximately 10-15% of falls in the 
elderly resulting in fracture, and almost 60% of those who fell the previous year 
will fall again

•	A prior fracture is associated with an 86% increased risk of any fracture

•	Nearly 75% of hip fractures occur among patients 65 years old or over

•	Worldwide, 1 in 3 women over age 50 will experience osteoporotic fractures, as 
will 1 in 5 men aged over 50

•	By 2050, the worldwide incidence of hip fracture in men is projected to increase 
by 310% and 240% in women, compared to rates in 1990

•	Although low BMD confers increased risk for fracture, most fractures occur in 
postmenopausal women and elderly men at moderate risk

•	Evidence suggests that many women who sustain a fragility fracture are not 
appropriately diagnosed and treated for probable osteoporosis 

•	An International Osteoporosis Foundation survey, conducted in 11 countries, 
showed denial of personal risk by postmenopausal women, lack of dialogue 
about osteoporosis with their doctor, and restricted access to diagnosis and 
treatment before the first fracture result in underdiagnosis and undertreatment of 
the disease

Osteoporotic fractures occur every 3 seconds1
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Current ACL Return-to-Sport Criteria 
Fails To Identify 2nd Injury Risk
For young, active individuals, returning to sport after an ante-
rior cruciate ligament (ACL) injury and not suffering a second 
injury is often difficult. Figuring out how to prevent reinjury is 
even more tricky, says Mark Paterno, PhD, PT, MBA, ATC from 
the Cincinnati Children’s Hospital Medical Center in Ohio. He 
and his colleagues won the STOP Sports Injuries Award for 
their paper, “Current Return to Sport Criteria After ACL Recon-
struction Fail to Identify Increased Risk of Second ACL Injury in 
Young Athletes.”

The incidence of a second ACL injury after having it re-
paired ranges from 25 – 33% in young, active individuals, 
with the greatest risk being in the first year after treatment. 
Recent research has highlighted that standard return-to-play 
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criteria may help identify athletes at an increased risk of injury. 
This study looked at how the criteria that is normally applied 
to young athletes being able to return to play is accurate and 
whether that leads to any decreased risk of reinjury.

“The findings of our study suggest that current return-to-
play measures may not correctly assess young patients who 
are at risk for a future injury,” said Dr. Paterno. “Additional work 
needs to be undertaken that can better identify, validate and in-
corporate clinically important measurements such as functional 
hop testing, strength testing and patient reported outcome 
scores into injury prevention strategies.”

Paterno and his team evaluated 159 individuals ranging 
in age from 13-25 years old. The participants all underwent a 
primary, unilateral ACL reconstruction, performed rehabilitation, 
and were released to continue to play pivoting/cutting sports. 
At the time the patients returned to sports, only 26% of the in-
dividuals met the standard return-to-play criteria at a >90 crite-
rion level, which is considered “passing.” They were tracked for 
a reoccurrence of a 2nd ACL injury for 24 months. Within this 
2-year time frame 35 patients (22%) suffered a 2nd ACL injury, 
26 of the 35 occurred within the first 12 months after injury. 
Interestingly, there was no difference in 2nd injury rates when 
comparing those who met all current return-to-sport criteria and 
those who failed to meet all return-to-sport criteria, suggesting 
the current criteria are not identifying young athletes at high risk 
for future injury.

“Our results further highlight that there may be gaps in 
function, strength, movement quality and psychological factors 
which relate to how frequently an adolescent reinjures their 
ACL. We hope that our work along with many others, will help 
to better identify the relationship between these diverse factors 
as a better measure of readiness to safely return to sport,” said 
Paterno.  

American Orthopaedic Society for Sports Medicine 
Annual Meeting 2018 Highlights of Key Presentations

2018 AOSSM 
San Diego, CA
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American Orthopaedic Society 
for Sports Medicine



Results for Female ACL Graft Repair 
Methods Differ Among Younger 
Athletes
Female athletes are 2 to 8 times more likely to injure their ACL 
than males, however utilizing one graft repair treatment method 
in females may be more beneficial than another, according to 
new research from Hytham Salem and colleagues from the Roth-
man Institute in Philadelphia, PA. Their paper, “Anterior Cruciate 
Ligament Reconstruction in Young Females: Patellar vs. Ham-
string Tendon Autografts,” was presented in the Knee Ligament/
Meniscus general session. 

Young females have been shown in previous literature to 
have a higher risk for graft failure with very little known about 
why this occurs. “Our study compared clinical outcomes in 
young females who had ACL reconstruction using bone-patellar 
tendon-bone (BTB) and quadrupled hamstring (HS) autografts. 
Higher rates of re-tears in our patients were seen in our youngest 
patients using HS autografts,” said senior author, Kevin B. Freed-
man, MD. 

Freedman and his colleagues reviewed 256 female patients 
between the ages of 15-25 who underwent primary ACL recon-
struction using either the BTB or HS autograft between January 
2012 and May 2015. Patients with a prior history of ACL injury 
to either knee were excluded. The results illustrated that graft 
re-tear occurred in 6.9% of BTB patients and 13.6% of HS pa-
tients. Contralateral ACL tear occurred in 7.4% of BTB patients 
and 6.2% of HS patients. When researchers broke down the 
graft tears by age, those in the 15-20-year-old group had a sig-
nificantly lower rate of re-tear with 6.4% in the BTB compared to 
17.5% in the HS group. This same difference was not observed 
in older females in the 20-25 age group.

“More research needs to be performed to better understand 
female ACL injury and what the best methods for repair are in 
our youngest patients who are at highest risk of re-injury. We 
hope that our research will add to the literature and treatment 
prospects for this complex problem,” said Freedman. 

Young Athletes’ ACL Injury Risk 
Increases with Fatigue
ACL injuries are one of the most common sports injuries 
affecting adolescent athletes, leading to lost playing time 
and high healthcare costs. Athletes who experience fatigue 
– tested on a standardized assessment — demonstrated in-
creased risk of ACL injury, according to this study, which is the 
first to measure the direct impact of fatigue on injury risk in the 
adolescent population.

“We studied 85 athletes at an average age of 15.4 years 
and found 44.7% showed an increased injury risk after 
high-intensity aerobic activity,” noted lead author Mohsin S. 
Fidai, MD, from Henry Ford Health System in Detroit. “Addi-
tionally, 68% of those studied were identified as having a me-
dium- or high-risk for injury following the activity, as compared 
to 44% at baseline.”

The study utilized vertical and drop-jump assessments of 
each athlete, which were captured on video and reviewed by 
11 professional health observers. Participants included track 
and field, basketball, volleyball, and soccer athletes. Injury risk 
was also associated with the level of fatigue, as 14 of 22 ath-
letes demonstrating over 20% fatigue showed an increased 
ACL injury risk. Female athletes and those over age 15 were 
also more likely to demonstrate an increased injury risk.

“While ACL injury prevention programs are commonly 
used now, a decrease in injury numbers has not followed suit,” 
commented Fidai. “We hope this study helps advocate for 
ACL injury prevention training programs to incorporate fatigue 
resistance training and awareness by coaches, trainers and 
physical education teachers.”

Fidai presented his paper, “Fatigue Increases ACL Injury 
Risk in Youth Athletes: Risk Assessment

Study Using Drop-Jump Test,” during a session titled, 
Team Physician: Science of Injury. 
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Older Patients with Knee Pain Benefit 
from Allograft Transplant Technique
Knee pain in active patients over 40 is often difficult to treat 
but utilizing a special kind of allograft may be a step in the right 
direction, according to research from Katlyn Robinson, BS and 
colleagues in a paper titled, “Efficacy of Osteochondral Allograft 
Transplantation in the Knee in Adults Forty Years and Older.” 

“Our findings note that patients older than 40 may benefit 
from using a fresh osteochondral allograft transplantation to treat 
focal cartilage defects, a common cause of knee pain in adults,” 
said senior author, Dennis Crawford, MD, PhD from the Oregon 
Health and Science University in Portland, Oregon.

Crawford and his colleagues looked at a total of 80 patients 
broken into two groups. The study group consisted of 38 patients, 
10 women and 28 men who were at least 40 years of age and 
a control group with 42 patients (27 men and 15 women) who 
were 39 years of age or younger. A statistically significant im-
provement for both groups was noted for the final follow-up for 
IKDC and all five KOOS sub-scores. Greatest changes were seen 
in the ability of patients to perform sports and with improvement 
in healthful daily activity. Previous surgical treatment was per-
formed on 31 of 38 knees in the study group and 37 of the 42 
knees in the control group.

“This type of osteochondral allograft transplantation has tradi-
tionally been used in younger active patients with cartilage disor-
ders. However, seeing this type of success allows sports medicine 
physicians another option in older patients and serves as a pre-
dictable biologic joint preservation technique,” said Crawford. 

Surgery Offers Young Patients Long-
Term Benefits after Meniscus Tears
Young patients who underwent surgery for isolated meniscus 
tears between 1990 and 2005 showed positive long-term clin-
ical results. The study represents one of the largest long-term 
follow-up cohorts describing clinical outcomes of meniscus re-
pair in pediatric patients to date.

“The patients we observed at long-term follow up had an 
average IKDC score of 92.3, continuing increases from the 
pre-operative average of 65.3 and mid-term average of 90.2,” 
noted corresponding author Aaron Krych, MD, from the Mayo 
Clinic in Rochester, Minnesota. “These numbers show a sig-
nificant, lasting improvement in functional outcomes for those 
involved in this study.”

Researchers examined 32 patients (and 33 knees) at an 
average follow-up of 17.6 years after surgery. At the time of 
repair, the average age of patients was 16.1 years. Of the 33 
knees included in the study, none had a failed repair since the 
previous follow-up in 2008. The average Tenger activity score 
was 6.53, lower than pre-operative 8.33 and mid-term scores 
of 8.39, though the authors indicated decreasing sports activity 
with age may be an independent risk factor and not indicative of 
poorer surgical outcomes.

“Finding the best treatment options for these meniscus 
tears is important not only to the patient’s immediate recovery, 
but for long-term health and wellness,” commented Krych. “Our 
research team believes the data from this study shows the 
promise of surgery for young patients with these types of inju-
ries.”

The paper, “Operative and Non-Operative Management of 
Osteochondritis Dissecans in the Knee of Skeletally Immature 
Patients: Rates of Persistent Knee Pain, Osteoarthritis, and Ar-
throplasty at Mean 14-Years Follow-Up” by lead author Mario 
Hevesi, MD, was presented in a special Pediatrics session. Lim-
itations of the work include no MRI data or radiograph images 
available, and a relatively small patient population despite being 
one of the largest groups studied. Future studies to assess the 
progression of knee osteoarthritis are recommended.  

About AOSSM 
The American Orthopaedic Society for Sports Medicine (AOSSM) is the premier global organization representing the interests of or-
thopaedic surgeons and other professionals who provide comprehensive health services for the care of athletes and active people of 
all ages and levels. The Society cultivates evidence-based knowledge, provides extensive educational programming, and promotes 
emerging research that advances the science and practice of sports medicine. AOSSM is also a founding partner of the STOP Sports 
Injuries campaign to prevent overuse and traumatic injuries in kids. 
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High-impact sports expose athletes to 
greater risk of injury overall. Is there a way 
to prevent such trauma by applying the 
lessons of sports science?
By D. Chris Cothern PT, CES, PES 

Stress fractures of the foot result from repetitive microtraumas and 
chronic submaximal loading of tissues. Among football players, the most 
common are the Jones fracture, a break in the fifth metatarsal between 
the base and the middle, and the Lisfranc fracture, a fracture or disloca-
tion within the Lisfranc joint complex, which stabilizes the midfoot and 
is critical for walking. Athletes in high-impact sports that involve running, 
jumping, or contact with others, such as football, are at higher risk for in-
jury. Diagnostic imaging can play a significant role in getting to a stress 
fracture diagnosis rather than a misdiagnosis of tendinitis. If not properly 
diagnosed, these fractures can lead to significant morbidity and can, for 
some athletes, be career-ending. The key to successful management is 
proper diagnosis, but given what we have learned in sports science, is 
there a way to prevent these stress fractures from occurring at all

Stress 
Fractures 
OF THE FOOT IN FOOTBALL

•  ATHLETE EXPOSURE - One athlete participating in 
one organized practice or competition.

•  OVERUSE INJURY - Repeated stresses to an area 
without adequate rest to occur for structural adaptation.

•  INJURY RISK - Proportion of athletes who have at least 
one incident of injury during a fixed period of time. Risk 
is expressed either as a decimal or a percentage. 

•  INJURY RATE - Number of fractures per 100,000 
exposures (per 10,000 in some articles).



STRESS FRACTURES
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Stress Fractures in College Athletes
In the most comprehensive evaluation of stress fractures in colle-
giate athletes to date, Rizzone et al.1 examined data from the Na-
tional Collegiate Athletic Association Injury Surveillance Program 
(NCAA-ISP) covering more than 25 sports from 2004–2005 to 
2013–2014. A total of 671 stress fractures were reported after 
11,778,145 athlete-exposures (AEs), for an overall injury rate of 
5.70 per 100,000 AEs.1 Consistent with other studies, women’s 
cross country (29 per 100,000), women’s outdoor track (22 per 
100,000), and women’s gymnastics (26 per 100,000) had the 
highest stress fracture rates, all with at least 22 per 100,000 AEs. 
Football had 57 total foot stress fractures: 50 metatarsal and 
three navicular. Three areas of the foot had stress fractures so 
rare they were included only in the total number of fractures for 
all athletes in all sports during the study period: five sesamoid, six 
cuboid, and seven cuneiform. The rate of foot stress fractures in 
football was 3.01 per 100,000 AEs. Seventeen of the 25 sports 
evaluated had higher stress fracture injury rates per 100,000 AE’s 
than football. Sports with lower rates were men’s and women’s 
swimming and diving, men’s and women’s ice hockey, men’s 
tennis, and men’s and women’s baseball and softball. Conversely, 
women’s gymnastics, men’s and women’s cross-country, , and 
women’s tennis had higher injury rates than football (see table 1 
on page 20).1

With sports science, we are learning that a large acute-to-
chronic-workload ratio at the beginning of the season, along with 
lack of proper bone loading in the offseason, can lead to a higher 
risk of stress fractures. The rate of stress fractures was 51% 
higher during preseason than during the regular season in the 
Rizzone et al study.1 Chronic overload can lead to stress injuries, 
most commonly due to fatigue rather than actual bone structure 
issues, yet stress injuries constitute only 2% of total football inju-
ries according to a 2012 study.2 In a 2011 study of 320 college 
players invited to the 2006 National Football League (NFL) Scout-
ing Combine, 72% of the players had a history of foot and ankle 
injuries, but only 5% had Jones fractures and 3.4% had Lisfranc 
sprains.3 Five injuries (lateral ankle sprain, medial ankle sprain, 
syndesmotic sprain, fibular fracture, MTP/turf toe) were responsi-
ble for 81% of the injuries, and these five did not include Jones 
fracture or Lisfranc dislocation. This study had a selection bias 
because players who are injured and cannot perform would never 
be invited to the Combine.

Foot/Ankle Injuries in Men’s Collegiate 
Football
In a 2015 study, Lievers and Adamic examined injury data ob-
tained from 60 of the 616 NCAA teams for five football seasons 
(2004–2009) with over 2,222,155 AEs.4 There were a total of 
3326 foot and ankle injuries, with 2523 involving the ankle and 
803 involving the foot, leading to an ankle and foot injury rate of 
14.97 per 10,000 AEs (see table 2). Foot fracture rate was .52 
per 10,000 AEs. Foot injuries more frequently resulted in failure 
to return to play (98 athletes; 12.2%) with Jones fracture resulting 
in the highest median time loss. Midfoot sprains have been rare in 
the NFL with only 15 reported in a 15-year period.5 

Table 2. Foot Fractures at 60 College Football Teams over 
a Five-Year Period6

Type of Foot Injury Injuries % of Total 
Injuries

Injury Rate
per 10,000 AE

Lisfranc Dislocations 12 .004% .05

Jones Fractures 54 .016% .24

2nd–4th Met. Fractures 13 .004% .06

Metatarsal Stress fracture 36 .01% .16

Risk Factors or Possible Causes
New research has therapists and trainers looking at past lower 
extremity injuries anew. Is it possible that compensatory move-
ments were developed then, leading to a lack of proper muscle 
activation patterns today that may be putting more force on the 
feet and leading to injuries? Traditional causes or risk factors for 
stress fractures include pronated or supinated feet (which helps 
performance), flatter foot landing when jumping, muscle fatigue, 
hypermobile joints, lack of flexibility, previous injury, muscle im-
balances, nutritional issues such as lack of milk or calcium, sleep 
deprivation, weak toe grip, and poor warm-up, among others.6–10 
Studies show many noncontact injuries can be related to muscle 
fatigue or exercise intensity. According to Weist et al., continued 
training after muscle fatigue changes loading patterns of the foot 
based on force plate studies and is postulated to be a factor in 
stress-related injuries.11 A study of 2379 football players from 
2001 to 2009 shows that players who excessively exercise are at 
a higher risk for stress fractures, validating the earlier findings.2,12 
The good news is modern sports science’s use of athletic mon-
itoring of acute:chronic workload ratios along with deceleration 
metrics should provide injury reduction in these cases.13 

Specific Foot Injuries: Lisfranc Dislocation
A Lisfranc injury can involve any combination of fracture, joint 
dislocation, and/or injury to the stabilizing joint ligaments of the 
midfoot. Causes of Lisfranc injuries are believed to be multifacto-

“A Lisfranc is often mislabeled as a midfoot 
sprain. So a sprain is basically a ligament injury 
in any part of the body, but in this situation, it’s 
the midfoot. In most cases of athletes, it’s not 
necessarily a bone injury, but a ligament injury. 
The ligaments of a midfoot joint rupture and the 
joints nearby become unstable and shift out of 
place.... You can have some small bony emul-
sions or chips injuries occur if the ligaments do 
pull off. Then these joints become unstable and 
when they become unstable, guys can’t push off. 
They’ll have these symptoms and then they’ll 
have a tremendous amount of midfoot pain and 
swelling. In order to push off or power through 
the foot, you have to have a stable midfoot.” 

Robert Anderson, MD, co-chairman of the NFL’s 
Foot and Ankle Committee.16 
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Table 1. Stress Fracture Counts and Rates per 100 000 Athlete-Exposures in 25 National Collegiate Athletic 
Association Sports, 2004– 2005 Through 2013–20141

Abbreviation: CI, confidence interval.
a  Defined as 1 student-athlete participating in 1 practice or 1 competition.
b  Rate ratios were not computed for non–sex-comparable sports (men’s football and wrestling and women’s field hockey, gymnastics, and volleyball) or 

sex-comparable sports with stress fracture counts ,10 (ie, ice hockey, swimming and diving, and tennis).
c  Includes only sports in which both sexes participated (ie, baseball/softball, basketball, cross-country, ice hockey, lacrosse, soccer, swimming and diving, 

tennis, indoor track, and outdoor track).

Source: Reprinted with permission from the Journal of Athletic Training. Copyright © 2018 National Athletic Trainers’ Association. All Rights 
Reserved

Sport Count Athlete-Exposuresa Injury Rate per 100 000 Athlete-
Exposures (95% CI)

Rate Ratio (95% CI) Comparing Sex-
Comparable Sportsb

Men’s football 94 3 121 476 3.01 (2.40, 3.62) Not computed

Men’s wrestling 7 257 297 2.72 (0.71, 4.74) Not computed

Women’s field hockey 11 185 984 5.91 (2.42, 9.41) Not computed

Women’s gymnastics 26 101 636 25.58 (15.75, 35.41) Not computed

Women’s volleyball 34 563 845 6.03 (4.00, 8.06) Not computed

Baseball/softball

Men 14 804 737 1.74 (0.83, 2.65) 1.00

Women 15 579 553 2.59 (1.28, 3.90) 1.49 (0.72, 3.08)

Basketball

Men 72 868 631 8.29 (6.37, 10.20) 1.00

Women 110 783 600 14.04 (11.41, 16.66) 1.69 (1.26, 2.28)

Cross-country

Men 22 136 289 16.14 (9.40, 22.89) 1.00

Women 40 139 918 28.59 (19.73, 37.45) 1.77 (1.05, 2.98)

Ice hockey

Men 2 552 642 0.36 (0.00, 0.86) Not computed

Women 1 232 051 0.43 (0.00, 1.28) Not computed

Lacrosse

Men 16 390 029 4.10 (2.09, 6.11) 1.00

Women 22 287 856 7.64 (4.45, 10.84) 1.86 (0.98, 3.55)

Soccer

Men 30 686 918 4.37 (2.80, 5.93) 1.00

Women 57 772 048 7.38 (5.47, 9.30) 1.69 (1.09, 2.63)

Swimming and diving

Men 1 172 960 0.58 (0.00, 1.71) Not computed

Women 4 240 313 1.66 (0.03, 3.30) Not computed

Tennis

Men 1 66 224 1.51 (0.00, 4.47) Not computed

Women 7 72 492 9.66 (2.50, 16.81) Not computed

Indoor track

Men 9 195 562 4.60 (1.60, 7.61) 1.00

Women 25 214 920 11.63 (7.07, 16.19) 2.53 (1.18, 5.42)

Outdoor track

Men 13 180 466 7.20 (3.29, 11.12) 1.00

Women 38 170 699 22.26 (15.18, 29.34) 3.09 (1.65, 5.80)

Sports totalc

Men 180 4 054 457 4.44 (3.79, 5.09) 1.00

Women 319 3 493 450 9.13 (8.13, 10.13) 2.06 (1.71, 2.47)

Overall total 671 11 778 145 5.70 (5.27, 6.13) Not computed
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rial: artificial surface, lighter and more flexible shoes, and bigger, 
faster, and stronger players. Noncontact twisting moves, such as 
when a defensive end engages with an offensive lineman, are a 
common cause of Lisfranc injuries. Other causes include stepping 
onto another player’s foot and when a cleat does not release from 
the field. The average recovery is six to 12 months, and patients 
can have discomfort for over a year afterward. However, each Lis-
franc injury is so different—a player can tear one ligament or five, 
and bone displacement varies—that a definite timeline is likely 
unattainable.14 In the NFL, there were an average of 18.9 Lisfranc 
injuries from 2006 to 2014.15 Although rare, Lisfranc dislocations 
can be devastating: in the previously discussed college football 
study on foot and ankle injuries, they accounted for the second 
highest percentage of career-ending injuries (67%).4 Another 
study of collected data from the NFL Combine from 2009–2015 
on all participating players sustaining a Lisfranc injury before en-
tering the NFL found only 41 (1.8%) out of 2162 players had a 
history of a Lisfranc injury that resulted in a mean 2.9±4.9 missed 
games during their collegiate football careers.15 

Jones Fracture
Despite being rare, Jones fractures resulted in the highest median 
time loss at 42 days.4 Studies are beginning to show that past 
lower extremity injuries and muscle imbalances can increase the 
risk, such as Saita et al.’s 2017 study that related a decrease in 
hip internal rotation to increased risk of Jones fracture.17 That 
athletes with a decrease in hip internal rotation and ankle dorsi-
flexion are at increased risk for many injuries had already been 
established. Between 1988 and 2002, 4758 elite college football 
players participated in the NFL Combine, with 86 Jones fractures 
identified for a rate of only 1.8%.18 Conversely, there were 17 
Jones fractures in the NFL from 1996 to 2001. A study of 25 
NFL players who had a Jones fracture between 2004 and 2014 
revealed wide receivers, linebackers, and tight ends with the 
highest rate, with 12% needing a repeat surgical procedure.19 
One could argue that foot injuries are rare but also possibly more 
likely to prevent athletes from a Combine invitation or future play 
in the NFL. This could lower the numbers listed in some articles 

Continued on page 26

Continued from page 23

such as Kaplan’s study that focused only on those invited to the 
Combine.3 A 2016 Lower Extremity Review article used the big-
ger, faster, stronger argument, citing frequent starts and stops 
and hard cuts since players such as Julio Jones and Dez Bryant 
have had Jones fractures.20 But frequent starts and stops have 
always been required in the NFL. Have receivers really become 
that much bigger, faster, and stronger to be mentioned as a 
possible cause of the increase in foot injuries since mass and ac-
celeration are increasing which leads to more force? Cleats that 
have become lighter, more flexible, and narrower are a possible 
contributor along with artificial turf. Does excessive load lead to 
more foot injuries? GPS technology has been proven to provide 
insight about a change in running form with fatigue; this should 
produce a red flag to decrease activity while in practice.21 NFL 
team doctors have noted the lack of research in Jones fractures 
in American football players as well as the use of GPS technology, 
but research on European soccer players using GPS technology 
has proven there can be early signs or symptoms.

Navicular Fracture
Another rare injury in college football athletes, navicular frac-
tures are very serious as athletes who sustain these are twice as 
likely to remain undrafted and less than half as likely to be able 
to compete in at least two NFL seasons.22 There were only 14 
(0.6%) overt navicular fractures out of the 2285 invited NFL Com-
bine players between 2009 and 2015, with only three of these 
being stress fractures.20 Again, those who may have injuries that 
prevented an invite to the NFL Combine were not included. Rival 
teams could use this information to steer parents away from a col-
lege with a history of foot injuries, which result in the highest loss 
of playing time and have the greatest potential for ending careers.

Footwear Research and New Technology
There are many more studies on cleats or “boots” for soccer than 
there are for American football cleats. Many studies focus on the 
playing surface, such as injury rates from 2000 to 2009 being 
higher for ACL sprains and eversion ankle sprains in NFL games 
played on FieldTurf than on natural grass.23 While we know that 
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plan. Injuries in sports will continue to happen regardless of the 
best training and sports science available. But if there are ways to 
decrease the risk of their occurrence, it seems prudent to use any 
and all measures and to look at the athlete from a holistic view. 
With sports science tools properly utilized, soft tissue, noncontact, 
and fatigue-based injuries are on the decline. While these injuries 
continue to be rare overall, they can have a devastating impact on 
a player’s current and future career. After all, it does not matter 
how fast you are if you are not on the field. 

D. Chris Cothern PT, CES, PES, is owner of AthletePlus Physical Ther-
apy & Spine which sees active individuals of all ages at their clinics 
in the Greater Fayetteville, Arkansas area.
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The football team at the US Naval Academy suffered four foot or 
knee injuries in its 2016 loss to Temple and lost three straight 
games to end that year after starting 9-2. To address the unusu-
ally high number of similar injuries, team management held a 
summit, bringing together the staffs from strength and condition-
ing, training, and equipment.1 In 2014, Navy had signed a 10-year 
contract with Under Armour to suit all its athletes. 

After the summit, Under Armour sent its Athlete Services and 
Footwear Team to spend three days with the team. During this 
time, they evaluated every player’s feet to ensure proper fitting 
cleats since, for example, linemen need different cleats than wide 
receivers. Some players need more stiffness in the front or back 
of the cleats. The biggest issue Navy found was that many players 
were not wearing wide enough cleats and instead were getting 
longer cleats to make up for the lack of width. Navy also learned 
that many players were wearing older cleats because they were 
“broken in,” yet the life cycle of cleats is only 90–120 days. An-
other issue for Navy is that stress fractures are more common in 
the military in general as personnel have to wear dress shoes for 
up to 10 hours a day. In response, Under Armour added orthotics 
and made sure those shoes fitted properly .

In addition, Navy decided to reduce the exposure to artificial 
turf, which studies show is less safe than grass.2 Some NFL teams, 
such as the Baltimore Ravens, are returning to natural grass at 
their stadiums. GPS technology showed an NFL team’s artificial 
turf had a 15% load increase on their players versus their grass 
practice field, so the team decreased running from 25 minutes to 
18 minutes because of the increased load on the players.3 This 

basic information can change the whole practice intensity level. 
This data is similar to how the weather can change the risk of 
certain injuries. With rain during a game, there are usually more 
muscle strains from players losing their footing. Without rain and 
on stiff artificial turf, there are more foot injuries, especially those 
involving the ligaments such as MCL and ACL. 

While all of these measures do not guarantee a decrease 
in injuries, Navy took proactive steps and revamped its training 
room with foot warm-ups before being taped and also added 
Fusionetics, a sports technology performance health system de-
signed to reduce injuries. Did these preventive measures work? 
The Denver Post listing of NCAA injuries had only one foot injury 
listed for Navy for the full 2017 football season.4 
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This narrative review, excerpted here, 
sought to determine the prevalence of in-
correctly fitted footwear and to examine 
its association with foot pain and foot 
disorders across 18 studies involving 
3,205 patients. 

By Andrew K. Buldt and Hylton B. Menz

Footwear has been used by humans for approximately 30,000 
years. Although originally worn as  protective covering for the 
foot, modern footwear is designed to fulfil a range of purposes, 
the accomplishment of which is judged on three criteria: form, 
function and fit. Form relates to the aesthetic appeal of footwear, 
while function relates to the ability of footwear to accomplish its 
intended purpose….. Fit pertains to how footwear can accommo-
date the morphology of the foot.

Footwear fitting is vitally important as in most cases fit gov-
erns function. This means that footwear cannot fulfil its intended 
purpose if it does not fit the foot correctly. Furthermore, it has 
been suggested that incorrectly fitted footwear is a major contrib-
utor to the development of structural foot disorders, such as hal-
lux valgus and lesser toe deformity, as well as skin lesions, such 
as corns and calluses.

Correct footwear fitting is inherently complex … because foot 
morphology is highly variable between individuals, and there is 
limited variety in the shape of lasts used [by industry] to construct 
footwear.… It is therefore probable that a substantial proportion 
of the population are wearing incorrectly fitted footwear. With 
this in mind, the aim of this review is to determine the prevalence 
of incorrectly fitted footwear and to examine the association be-
tween incorrectly fitted footwear, foot pain and foot disorders. 

•  A large proportion of the population 
wear incorrectly sized footwear, 
which is associated with foot pain 
and foot disorders. 

•  Greater emphasis should be placed 
on footwear fitting education and 
the provision of an appropriately 
large selection of shoes that can 
accommodate the variation in foot 
morphology among the population, 
particularly in relation to foot width.

iStockphoto.com 940020928
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Incorrectly fitted footwear, foot pain and foot disorders
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PREVALENCE OF 
INCORRECTLY FITTED 

FOOTWEAR/ASSOCIATION 
WITH FOOT PAIN

98%
Too short

63% to 72%
Incorrect fit for:

68%
Incorrect fit for:

47%

Found significant associa-
tions between incorrectly 
fitted footwear and foot pain 
or disorders

7 of 8 Studies

Reported an association 
between incorrectly fitted 
footwear and foot pain or 
impaired quality of life

5 of 8 studies 

Length

Width

Length

Width
Depth

Footwear smaller
than total area

of foot

10% to 43% wore footwear that was 
too short

23% to 81% of men with
diabetes wore footwear
that was too long

46% wore footwear that was too 
narrow, with 67% being of incorrect 
length

Among 440 male veterans
with diabetes, those with current foot 
ulceration were 5 times more likely 
to be wearing incorrectly fitted shoes

FOOTWEAR IN 
PEOPLE WITH 
DIABETES

5 years since 26% of men and 47% 
of women had foot size measured

FOOTWEAR FITTING 
DIFFERENCES 
BETWEEN SEXES

FOOTWEAR
IN OLDER PEOPLE

88% of American 
women wore footwear 
that was narrower than 
their feet

50% of women and 
34% of men wore 
shoes that were too 
narrow 

In participants with 
diabetes, 69% of 
men and 48% of 
women wore 
incorrectly fitted shoes

31% of men and 3% 
of women wore 
shoes that were at least 
10 mm longer than their 
feet

75% wore outdoor
shoes narrower than
their feet

81% wore indoor footwear
that was too narrow

METHODOLOGY
An electronic database search was conducted in March 

2018, using the online databases Ovid MEDLINE 

(1946–#present) and CINAHL (1980–present).… The 

search strategy yielded 1681 citations. Following title and 

abstract review, 18 articles were included…. 

The majority of included studies were cross-sectional…. All 

except 1 study reported the method for measuring the foot. 

The dimensions of the foot were measured during relaxed 

bipedal stance in all except two studies that measured the 

foot while the participant was seated. It has been suggested 

that feet should be measured during standing to account for 

changes in dimensions due to splaying of the foot after the 

acceptance of bodyweight. 

All except 3 studies measured the length of the foot, with 

most using a manual device, including a measurement stick, 

Brannock® device or calipers…. 

Two studies only measured foot width while 10 studies mea-

sured foot width in addition to foot length using a variety of 

manual devices…. Four studies measured foot width using 

measurements from foot tracings, while one analysed a 3-di-

mensional scan of a foot mould.

All except 1 study measured the shoes brought by partici-

pants to the testing session. The only study that did not mea-

sure the participants’ shoes asked participants to report their 

usual shoe size. For all studies, footwear dimensions were 

measured using the same method as the measurement of 

the foot.… 

There were differences in the way that foot and shoe dimen-

sions were compared and footwear fitting assessed. Several 

studies used a pragmatic approach guided by shoe sizing. 

For example, 1 study considered a shoe to be incorrectly 

fitted if it was at least half a British shoe size larger or smaller 

than the foot. In contrast, other studies considered shoe 

fitting to be incorrect if measurements such as overall area, 

length or width differed between footwear and the foot. In 

these cases, even though footwear and the foot may be 

different dimensions, footwear size may be correct. This is 

particularly relevant for length, as it has been suggested that 

appropriately sized footwear should have a space of at least 

10–20 mm between the end of the foot and the shoe.

Continued from page 31

Infographic by Tristan Price for LER. 
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The rise of the crossover: 
A chronicle of cars and 
prosthetic feet

The so-called crossover foot is emerging 
as an attractive option in lower-extremity 
prosthetics, just as crossovers found their 
way into the automotive market: because 
they offer utility. 

By Phil Stevens, MEd, CPO, FAAOP 

Let’s begin with an unlikely but enlightening departure from the 
kind of practical, clinical topic to which readers of LER: Lower 
Extremity Review are accustomed: a look at a trend in automobile 
design and sales in the United States.

“With crossovers so popular, will the sedan go the way of the 
station wagon, marginalized into a niche appreciated by some but 
bought by few?” wrote automotive correspondent Rick Popely in 
a 2017 Chicago Tribune article. 1 Popely answered his own ques-
tion: “Not quite, but there’s no questioning that crossovers are 
here to stay.”

This recent trend in US car sales is notable. Sales of Honda’s 
Accord and Civic models have been eclipsed by the brand’s in-
creasingly popular CRV, for example. It was Toyota’s RAV4, not 
the Camry, that was declared the company’s most popular model 
in 2017. For the first time, the Nissan Rogue outsold the midsize 
Altima. Even Porsche, long known for producing high-end sports 
cars, realized nearly two thirds of its sales in crossovers.1 

Popely concluded: “Crossovers drove new vehicle sales to a 
record 17.5 million last year and in the process bumped aside the 
midsize sedan as the family vehicle of choice.”1

According to Stephanie Brinley, senior analyst for IHS Markit 
Automotive, “what’s really driving [the trend] is that people find 
that utility vehicles fit well in their lifestyles.”1The reason for the 
shift, then, is appreciation of utility. And there, with a single word, 
is where this discussion drifts into the evolving market for pros-
thetic feet. 

The predicament of choosing a prosthetic foot
In the field of prosthetic rehabilitation, increasingly sophisticated 
prosthetic feet have been developed to expand the range of user 
activities: from walking to running to participation in competitive 
sports. However, as Morgan and colleagues2 recently observed, 
“each prosthetic foot design is generally optimized for perfor-
mance across a narrow range of activities and may inhibit use in 
other areas.”

The most frequently encountered example of this phenome-
non is limitations in the otherwise elegantly designed energy-stor-

lermagazine.com 07.18  35

A recent cross-over clinical trial 
identified, first, constructs in which 
crossover feet might prove beneficial 
and, second, considerations that might 
identify patients who can benefit from 
the new technology.

Continued on page 36
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ing feet (ESF) and running-specific feet (RSF). Through iterative 
designs, ESF facilitate an increasingly smooth transition through 
gait phases across a range of walking speeds but fail to provide 
optimal support and energy return during sustained running. In 
contrast, RSF leverage long, stiff carbon-fiber springs to enable 
sustained running and high-speed sprinting but, lacking the pros-
thetic heel mechanism and split keel common to many ESF, are 
ill-suited for day-to-day walking and standing. Especially when an 
RSF has maximized the length of the carbon spring through a pos-
terior mount of the foot to the socket, the limitations of the foot 
translate to limitations of the entire prosthesis. 

Morgan observed that “… active users often require a pri-
mary prosthesis with an ESF and a sports prosthesis with an RSF 
or other specialized foot to participate optimally in a broad range 
of activities.”2

The result is a scenario of inconvenience. Although com-
bined use of “primary and sports prostheses may allow people to 
engage in a variety of low-, moderate- and high-impact activities… 
the cost, maintenance, and burden of alternating prostheses may 
restrict participation in occasional or regular physical activity for 
many prosthesis users.” Like drivers who seek out a vehicle that 
meets the range of utility needs associated with their lifestyle, 
“users have expressed a desire for feet designed to accommo-
date a wider range of activities,” Morgan concluded.

Enter the crossover foot
Accordingly, the field of lower-extremity prosthetics has wit-
nessed a shift toward crossover-type foot (XF) models designed 
to broaden the range of activities a user can perform with a single 
prosthesis. Much like the shared conveniences of a sports–utility 
vehicle interior that is built onto a car, rather than a truck, plat-
form, XF models combine key attributes of ESF and RSF.

Thus, XF combine the heel spring and split keel of most ESF 
with the extended carbon spring of the RSF (see Figure 1). The re-
sulting foot type is designed to span a user’s possible needs: from 
standing and slow walking, through quick walking and jogging, to 
sprinting.2 Because XF is a newly developed foot type, however, 
evidence to support its use is limited. This article reviews recent 
publications that have examined the impact of XF on key clinical 
considerations.2,3 

Randomized study of crossover feet
Under the direction of researchers at the University of Washing-
ton, a convenience sample of study participants was recruited 
from area practices in which clinicians were experienced in the 
fitting of XF. The 27 patient–participants who completed the trial 
were all ≥1 year removed from a unilateral transtibial amputation 
of non-dysvascular origin and were using a well-fitting prosthesis 
with either an ESF or XF. Mean age of participants was 42 years; 
they were just under an average of 12 years post-amputation, re-
ported an average daily use of a prosthetic of 15 hours, and had, 
on average, a Socket Comfort Score of approximately 8.5 on a 
scale of zero (most uncomfortable socket imaginable) to 10 (most 
comfortable socket imaginable).2 

Subjects were randomly assigned to 1 of 2 prosthetic feet: 
an Össur Cheetah® Xplore (an XF) or an Össur Vari-Flex® (an ESR). 
These feet were worn for 1 month of accommodation before an 

outcomes assessment. Each subject was then crossed over to the 
other prosthetic foot, which they accommodated to for another 
month before repeating the outcomes assessment protocol.2

Given that the XF were laminated directly to the posterior 
aspect of their socket, each condition required a custom pros-
thesis with duplicated sockets and a shared custom flexible inner 
socket. Interface liners and suspension were maintained through 
both study conditions.2 

In an effort to assess the comprehensive experience associ-
ated with the 2 foot designs, a range of laboratory and community 
performance measures, as well as several self-reported outcome 
measures, were collected. 

User-reported outcomes
In the automotive industry, such considerations as cost and fuel 
economy affect decision-making; however, cumulative sales 
largely represent the simple metric of consumer preference. 
When the economy is good and fuel prices are low, consumers 
purchase the vehicle they prefer. 

Similarly, although discussion below will describe a range 
of validated self-reported measures and laboratory outcomes 
in this study of an XF, user preference provides a good over-

Figure 1. Crossover foot. This prosthetic foot type combines the heel spring and 
split keel of most energy-storing feet and the extended carbon spring of running-
specific feet.
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view of head-to-head comparative experiences associated with 
the 2 conditions. Here, the XF was found to be the preferred 
condition. Of 19 participants who were invited to declare a pre-
ferred foot type, 17 said they preferred the XF and 2 asserted 
no preference.2 Specific activities for which subjects reported 
this preference provide additional insight into the potential ben-
efits associated with this foot type. Walking quickly was the most 
frequently identified activity, followed by running, walking on an 
incline, ascending stairs, and carrying a heavy load.2

PLUS-M™ findings. In addition to the question of preference, a 
series of self-reported measures identified other areas of benefit 
associated with the XF. The Prosthesis Limb Users Survey of Mo-
bility (PLUS-M™) is an increasingly popular survey instrument that 
invites users to report on the degree of difficulty they associate 
with a series of mobility tasks. Because PLUS-M™ has been in-
dexed against scores from more than 1000 prosthesis users, raw 
scores can be converted to T-scores, which can, in turn, be con-
verted to an individual’s relative self-reported mobility within the 
larger amputee community. In this study, the average PLUS-M™ 
T-score with the XF was 64.2—roughly 5 points higher than the 
score associated with ESF (59.3).2 Converting the T-score to the 
more familiar construct of percentile, these higher-functioning 
participants scored in the 93rd and 83rd percentiles among all 
lower-extremity amputees with XF and ESF foot designs, respec-
tively.

ABC Scale. The related construct of balance confidence 
was assessed using the familiar Activities-specific Balance Confi-
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Continued on page 40

dence (ABC) Scale. In this 16-item scale, users are asked to rate 
their confidence that they will not fall or become unstable across 
a range of increasingly difficult tasks. Originally assessed on a 
scale of 1 to 100, a revised ABC has been simplified to a 5-point 
response scale (0 to 4) with higher scores indicating increased 
confidence. In this trial, mean ABC scores were significantly 
higher (p = 0.005) with the XF than with the ESF (3.5 and 3.2, 
respectively).2 Perhaps of less concern in this higher-functioning 
population, the construct of balance confidence is significant be-
cause it has been found to be more closely associated with motor 
capability, performance, and social activity than related constructs 
of fall history or fear of falling.4

PROMIS-F. Fatigue was assessed using an instrument from 
the Patient-Reported Outcomes Measurement Information System 
(PROMIS), a library of robustly developed self-reporting instru-
ments that include a questionnaire specific to fatigue (PROMIS-F). 
Consistent with other PROMIS measures, the T-score of the 
PROMIS-F is normalized such that a score of 50 represents the 
mean of the general population of the United States with respect 
to such variables as age, gender, and education. For PROMIS-F, 
the greater the fatigue, the higher the score reported. Within this 
index, the mean PROMIS-F score reported with ESF was 49, con-
sistent with previously reported normative values for this scale 
among people with transtibial amputation.5 By contrast, scores 
associated with the XF experience were significantly lower (45 
points, p = 0.001).2 The notion of reduced fatigue with the XF was 
further reinforced by a related metric of perceived exertion ob-
tained in the laboratory, discussed below.
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TAPES. A final set of self-reported constructs was assessed 
using the Trinity Amputation and Prosthesis Experience Scales 
(TAPES), with subscales specific to activity restriction, satisfaction 
with function, and aesthetics. Subjects reported fewer restrictions 
on activity and greater satisfaction with their function in the XF 
condition.2 Satisfaction with aesthetics was identical with the 2 
feet—a notable fact, given the unconventional posterior socket 
mount of XF feet.

Community-observed outcomes
From experiences gained through patient reporting, all of which 
favored the XF, discussion moves to community-observed out-
comes, represented in this trial by average daily step counts as 
recorded by activity monitors. Here, the outcome favors ESF by a 
nonsignificant margin.2 This failure of foot variation to affect aver-
age daily step count has been observed fairly consistently in the 
literature of prosthetics.

For example, in a recent cross-over trial, Wurdeman and 
co-workers6 observed that, even when ESR feet were compared 
with the extremely basic and limiting solid-ankle cushioned heel 
foot, differences in average daily step were insignificant. There are 
2 possible explanations for this finding: First, average daily step 
count is more representative of distances encountered during the 
course of an individual’s routine than foot function. Second, an 
individual will execute that routine regardless of his (her) current 
prosthetic components. Given that the stride length of the sound-
side extremity was, on average, 3 cm longer with the XF than 
those observed with the ESF, the modest decline in steps taken 
may be partially explained by the roughly 62 additional meters 
traversed during the course of the mean daily step count of 4109 
steps.

Laboratory outcomes
Moving from the community to the laboratory, several additional 
constructs were observed. Gait speed was recorded in both study 
conditions, with a nonsignificant increase observed in the XF.2 In 
a related assessment, the 6-minute walk test, a standardized test 
of walking endurance, recorded the distance traveled in a 6 min-
ute-interval in both conditions. This metric also favored the XF by 
a nonsignificant margin.2 

The walk test was supplemented by the patient-reported 
metric of perceived exertion immediately following the test. Here, 
the difference in favor of the XF was significant, with participants 
reporting less exertion, on average, in this condition (p = 0.05).2 

Considering the construct of walking endurance alongside the 
related construct of perceived exertion, the researchers noted 
that nearly one half of participants experienced a clinically signif-
icant improvement in their 6-minute walk test or their perceived 
exertion.2 This collaborative comparison captures the nuanced re-
lationship between performance and exertion on the standardized 
walking test.

In addition to standardized walking tests, the researchers 
collected and reported on energy expenditure observed in each 
of the 2 conditions.3 Subjects were assessed at 3 self-selected 
walking speeds: slow, comfortable, and fast. As with several of the 
constructs described above, a nonsignificant decrease in energy 
expenditure was observed with the XF. However, subsequent 
analysis determined that different subjects experienced reduced 

Continued from page 39
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energy consumption with different feet, with trends suggesting 
which patient types appeared to benefit from each foot type. The 
16 participants who performed better in the XF condition walked 
a longer 6-minute walk test distance and had a greater average 
daily step count.3 Those with a shorter distance and lower step 
count did better in the ESF condition.

Summary
Just as the concept of the crossover has found its way into 

the automotive industry, so has it begun to emerge in lower-ex-
tremity prosthetics. Observations from a recent cross-over clinical 
trial have identified those constructs in which XF might prove ben-
eficial, as well as key considerations that might identify patients 
who will benefit from this emerging technology. 

Phil Stevens, MEd, CPO, FAAOP, is an orthotist, prosthetist, and 
medical writer and editor in Salt Lake City, Utah.
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LER Perspectives – Strength Training

Editor’s note
“LER Perspectives” is an occasional series that lends 
multidisciplinary voices to common and uncommon 
conditions seen in clinical practice by podiatrists, 
orthotists and prosthetists, physical therapists, and 
other clinicians who care for patients with a lower-
extremity injury, disorder, or other problem.

The goal of “LER Perspectives”? To provide a forum 
for clinicians from an array of specialties to offer 
perspective on a clinical question or issue.

In this “LER Perspectives,” we asked 3 experts to 
discuss the value of strength training to reduce the 
rate of lower-extremity injury; lower the risk of falls; 
and manage and prevent toe deformities and plantar 
fasciitis. The superior value of strengthening over 
stretching is also addressed.

Please write to LER at janice@lermagazine.com 
with your suggestions for topics that should be covered 
in future installments of this series.

– Janice T. Radak, Editor

LER: It seems to be a pervasive belief among recreational athletes 
that improving flexibility lessens the risk of injury. Does stretching 
have a considerable impact on the injury rate?

TM: When nearly 100 experienced recreational runners were re-
cently asked to name the most common cause of running-related 
injuries, the vast majority cited “failure to stretch regularly.”1 The 
authors of this study were concerned because runners seemed to 
be unaware of the overwhelming body of research showing that 
stretching does not alter the injury rate.2,3

To make matters worse, the belief that stretching protects 
you from injury is becoming more prevalent.4 

That is not to say that stretching should be avoided: Pereles 
and colleagues proved that runners intuitively know whether or 
not they should stretch.5 The researchers randomly assigned 
2,729 recreational runners to a stretching or nonstretching 
pre-run routine. Not surprisingly, no significant difference was 
detected in the injury rate between runners who stretched and 
runners who did not (this reflects what has been noted in all 
studies on stretching). If a runner who routinely stretched was 
assigned to the nonstretching protocol, however, he (she) was 
nearly twice as likely to sustain a running injury. 

Because the number of participants is high, this single study 
proves that, if you have a patient who finds stretching beneficial, 
you should encourage that patient to stretch regularly. Stretching 
the gastrocnemius muscle is particularly important; DiGiovanni 
et al6 proved conclusively that a tight gastrocnemius muscle cor-
relates with a variety of forefoot and midfoot injuries, including 
metatarsal stress fracture, plantar fasciitis, and posterior tibial ten-
don insufficiency. 

LER: You’re on record advocating strength training as a preventive 
to lower-extremity injury. What’s the evidence for your enthusiasm?
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PERSPECTIVE: Chiropractic
By Tom Michaud, DC

Dr. Michaud is in chiropractic practice in Newton, Massachusetts, 
and is the author of Human Locomotion: The Conservative Man-
agement of Gait-Related Disorders. He discloses that he is the 
owner of www.humanlocomotion.org, where the Toe Strength 
Dynamometer discussed in this article is sold.

Continued on page 44
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TM: Compared to stretching, strength training remains, in my 
opinion, the most underutilized treatment intervention for treat-
ing and preventing a range of lower-extremity injuries. In 2004, 
Burne and co-workers7 determined that a 10-mm reduction in 
calf circumference resulted in a 4-fold increase in the incidence 
of tibial stress fracture. This finding is consistent with research 
demonstrating that lower-extremity muscles prevent tibial fracture 
by adjusting to bony vibrations by pre-tensing prior to contacting 
the ground.8,9 

In addition to dampening potentially dangerous bony oscilla-
tions following heel strike, certain muscles play a key role in creat-
ing compressive forces that allow various bones to resist bending 
strains present during the gait cycle. For example, the piriformis 
muscle, often considered to be unimportant during the gait cycle, 
has been shown to create long-axis compression of the femoral 
neck that prevents it from bending with the application of vertical 
forces (Figure 1). Without 
adequate support from 
the piriformis and the 
synergistic lower gluteus 
medius, a bending force 
would be created in the 
femoral neck capable of 
producing fracture (ten-
sion fracture on the supe-
rior side or compressive 
fracture on the inferior 
side). 

Khayambashi and 
colleagues10 recently 
proved that a simple 
strength measurement 
performed with a hand-
held dynamometer pre-
dicted anterior cruciate 
ligament injury in college 
athletes. The authors 
evaluated hip rotator and 

abductor strength at the start of the season in more than 500 ath-
letes participating in a range of sports. Athletes who were unable 
to generate 20% of their body weight with their hip rotators, and 
35% of their body weight with their hip abductors, were signifi-
cantly more likely to have a noncontact anterior cruciate ligament 
injury. This test takes fewer than 20 seconds to perform and 
should be a part of every preseason strength evaluation.

LER: What strategies do you recommend in addition to maintain-
ing hip rotator and abductor strength? 

TM: It’s also important to keep feet and ankles strong. To evaluate 
the role that the toe flexors might play in preventing injury, Ferris 
and colleagues11 embedded strain gauges in the metatarsal shafts 
of cadaveric feet and evaluated bending forces present during 
simulated propulsion as the long digital flexor muscles were ei-
ther tractioned or relaxed with pneumatic actuators (Figure 2). 
Using this elaborate technique, these researchers determined 
that, when the digital flexor muscles were relaxed, significant 
bending strains were present in the metatarsal shafts—which, in 
real-life, would have created bending force capable of fracturing 
bone. When the muscles were tractioned, they created a powerful 
compressive force along the plantar metatarsal shafts that greatly 
reduced bending strains. The authors speculated that strengthen-
ing the digital flexors “may play a role in the prevention of meta-
tarsal stress fractures.” 

Weak toe flexors have also been correlated with chronic 
plantar fasciitis. McClinton and co-workers12 recently demon-
strated that patients with chronic heel pain are more likely to 
present with weak intrinsic foot muscles. Additionally, people with 
the weakest intrinsic muscles are also more likely to be long-term 
orthosis users. This is not to say the orthoses cause intrinsic foot 
weakness, as it is likely that people with weak intrinsic muscles 
respond more favorably to orthotic intervention and are therefore 
more likely to use orthoses to manage heel pain. Nonetheless, 
this paper emphasizes the importance of measuring toe strength 
in patients presenting with chronic heel pain.

LER: What protocol do you use to gauge toe strength?

TM: I use a Toe Strength Dynamometer, a simple modification 
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Figure 1. The piriformis and gluteus medius 
muscles create a powerful compressive 
force that prevents the femoral neck (A) from 
fracturing.
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of the popular paper grip test (Figure 3). The resulting strength 
score allows practitioner and patient to see clear asymmetries in 
strength, thus providing objective goals for rehabilitation. Main-
taining toe strength is especially important because weak toes 
have been correlated not just with chronic heel pain but also with 
falls in the elderly13 and impaired athletic performance.14

LER: One downside to strength training is the high injury rate 
associated with lifting heavy weights. How do you deal with this 
obstacle?

TM: According to guidelines issued by the American College 
of Sports Medicine, the only effective way to build muscle is to 
perform multiple sets of 8 to 12 repetitions while lifting heavy 
weights (nearly 90% full effort).15 The theory is that, to stimulate 
muscle repair, you have to push the muscle to the limit of its ca-
pacity. 

Fortunately, recent research proves that these guidelines 
are wrong: It is possible to build muscle mass using light resis-
tance provided by body weight alone.16 In that 2018 study in 
Japan, 88 men and women (all 70 years and older) participated 
in a weight-training program in which they performed 2 sets of 
10 to 14 repetitions daily for 12 weeks. The subjects used body 
weight alone and performed movements slowly (4 seconds up, 4 
seconds down). At the end of the 12-week training program, in 
addition to a significant increase in muscle mass, participants had 
decreased hip and waist circumference and less abdominal fat. 

The authors claim that their success was related to the total 

Continued from page 44 

Figure 2. Cadaveric model evaluating plantar pressures and metatarsal bending 
strains present during heel lift. Activation of the digital flexors markedly reduces 
pressure beneath the central forefoot and prevents buckling of the metatarsal 
shafts. Redrawn from Ferris et al.11
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time that muscles were contracting during the protocol. Although 
loads were light, the 4-second-up and 4-second-down times re-
sulted in a total of 1,344 seconds of muscle contraction time a 
week (i.e., 12 repetitions × 8 seconds × 2 sets × 7 times a week). 
The authors suggest the long total contraction time is what cre-
ates muscle mass—not the amount of resistance.

Other nice features of this study are that the seniors involved 
had no experience with weight training; the exercises were per-
formed at home (taking fewer than 15 minutes each day); and, at 
the end of the study, only 2 of 88 subjects had dropped out. High 
compliance and great outcomes associated with this study should 
make the use of light weight with high repetitions a consideration 
for almost every exercise prescription.

PERSPECTIVE: Biomechanics Research
By Karen Mickle, BSc (Hons), PhD 

Dr. Mickle is a postdoctoral research fellow at the Institute of Health 
and Sport, Victoria University, Melbourne, Victoria, Australia. She 
has disclosed no relevant relationships.

LER: Your research on the role of lower-extremity muscle strength-
ening in preventing injury, especially falls in older people, has 
delivered valuable observations as well as recommendations for 
lower-extremity practitioners. What is the context for your work?

KM: Falls are the leading cause of injury, disability, hospitalization, 
and death in older adults, with 1 in 3 people 65 years and older 
falling at least once a year. Many aspects of declining physical 

functioning, including muscle strength, are regarded as an inevi-
table consequence of aging, and we know that age-related loss of 
muscle mass is one of the main determinants of frailty.

This decline in muscle strength usually appears around the 
6th decade, and is accompanied by slower walking speed and 
an increased risk of disability and falls. Muscles within the feet, 
including those that control the toes, also suffer from atrophy 
and an associated loss of strength with aging. My research, and 
that of others, has shown that, compared with younger counter-
parts, older adults have as much as 38% less toe flexor muscle 
strength17-19 and that the size of their individual toe muscles is 
reduced by as much as 45%.19 

Consider that, during most activities of daily living, the foot 
is the only source of direct contact with the ground. The foot 
therefore plays a critical role in maintaining stability and balance, 
as well as providing sensory feedback regarding body position 
and movement. If the toes cannot adequately push down on the 
ground, they receive little or none of the sensory information from 
the contacting surface. That input helps most people manage the 
body’s ever-swaying center of mass. Reduction in toe strength is 
therefore likely to have a profound effect on the ability of older 
adults to walk safely, which could be critical for balance recovery 
or when attempting to take corrective steps to maintain balance 
in a near-fall situation. 

LER: What did you and your colleagues uncover regarding 
foot-related risk factors for falling?

Continued on page 48
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KM: Not surprisingly, we found that fallers had significantly less 
strength of the hallux and lesser toes (a reduction of > 20%) than 
nonfallers. As quadriceps and ankle strength did not differ between 
fallers and nonfallers, reduced toe strength recorded for fallers was 
deemed unlikely to be a marker of generalized lower-limb muscle 
weakness. Furthermore, hallux strength was found to be a stronger 
predictor of falls than other, more commonly measured falls risk 
factors, such as age, gender, falls risk score (which includes assess-
ments of visual contrast sensitivity, proprioception, knee extension 
strength, reaction time, and postural sway standing on a foam rub-
ber mat), and quadriceps strength. In fact, each unit increase (by 
percentage of body weight) in hallux strength decreased the odds 
of sustaining a fall by 7%.20 

LER: How are your findings translatable to potentially better care 
for patients?

KM: In response to what we found, I developed a foot-strength-
ening exercise program and conducted a randomized clinical 
trial to determine whether the program could increase toe 
strength in older people. After baseline testing, 85 men and 
women (age, 60 to 90 years) were randomized to a supervised 
progressive-resistance “toe-training” program (n = 43) or home-
based exercise (n = 42) for 12 weeks. An additional 32 partici-
pants were recruited as controls (no intervention). Participants in 
the toe-training group attended 3 group-exercise classes a week 
for 12 weeks. During each class, an exercise physiologist led 
participants through a series of 10 foot exercises, which progres-

sively increased in level of difficulty throughout the intervention. 
Participants in the toe-training group significantly increased 

their hallux and lesser-toe strength (as much as 36%) compared 
to baseline, whereas there was no significant change in toe 
strength in the home-based exercise or control groups.13 Addi-
tional benefits of the toe-training program for participants in the 
intervention group included a significant increase in single-leg bal-
ance time with eyes open (+5 seconds) and closed (+3 seconds), 
as well as significant improvement in the general foot-health do-
main of the Foot Health Status Questionnaire. 

Continued from page 47

Figure 3. With the Toe Strength Dynamometer (Human Locomotion), the patient 
sits in a chair with the heel and forefoot flat on the floor. The examiner places 
the plastic card beneath the second through fifth toes and pulls the device in a 
straight line (arrow) while the patient resists by gripping with the toes. Strength is 
recorded and the process is repeated beneath the hallux. Strength measurements 
are compared bilaterally.
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Despite these promising findings, we need further funding 
to run a full clinical trial to determine whether performing these 
foot exercises can actually prevent falls in older people. However, 
I believe we should encourage older people, particularly those 
considered at high risk of falling, to perform foot-strengthening 
exercises. The presence of hallux valgus and lesser-toe defor-
mities has also been associated with poorer performance on 
balance and functional tests21 and is an independent predictor 
of falls—such that people with a lesser-toe deformity have been 
found to be twice as likely to fall as people without such a defor-
mity.22 

LER: Your research has also examined the association of toe defor-
mities and muscle weakness. What have you learned from your and 
others’ work?

KM: Toe deformities are highly prevalent in older adults. Reports 
indicate that 35% to 74% of older men and women having some 
degree of hallux valgus and approximately 60% of older adults ex-
hibit a deformity in at least 1 of toes 2 to 5. My research has shown 
that the intrinsic foot muscles of older adults with hallux valgus and 
lesser-toe deformities are significantly smaller than those of older 
adults without toe deformities.21 

Regrettably, we are unable to determine whether muscle 
weakness is a cause or an effect of these deformities. However, 
other researchers have found that performing the short-foot ex-
ercise over a 2-month period can increase hallux flexor strength 
and the cross-sectional area of the abductor hallucis muscle (the 
muscle that abducts and flexes the big toe) in patients with pes pla-

nus.22 I believe that strengthening the intrinsic toe muscles might 
reduce the incidence and severity of toe deformities in older adults.

PERSPECTIVE: Podiatry
By Matthew Dilnot, DPM

Dr. Dilnot is a Consultant Podiatrist at the Melbourne Foot Clinic, 
Melbourne, Victoria, Australia; Clinical Supervisor at LaTrobe 
University, Bundoora, Victoria, Australia; and a Director at Equus 
Medical Products, Eltham, also in Melbourne. He discloses that he 
is a distributor of foot-strengthening products.

 
LER: In modern foot care, foot strengthening is not commonly 
used as a treatment method. Why not?

MD: Strangely, this might be because the foot is hidden or en-
cased in a shoe—the very thing that possibly leads to a deficit in 
foot strength in the first place. This does not necessarily mean 
I advocate that we all go barefoot or wear minimalist footwear. 
But we need to keep an open mind about how shoes affect 
muscle function and redistribute forces. As podiatrists, we often 
see the foot working as a unit, not an intricate collection of joints 
surrounded by equally intricate muscles and tendons. But see-
ing the foot as a single unit might limit our awareness of how 
foot-strength deficits in one area can shift pressure and forces to 
another, which then affects the foot as a whole. Ironically, then, 
running shoes may now be designed to supplement the deficits 
that shoes might have caused in the first place. 

Continued on page 50
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Also, podiatrists have become comfortable with the use of 
foot orthoses, but we might not use foot strengthening regularly 
because we are unsure how effective it can be and whether it can 
change the course of injury and deformity. Foot strengthening 
usually requires home exercises, which depend on the patient 
being compliant to be effective. We want to be confident that 
what we are doing offers a return on investment in time. Podi-
atrists have not been traditionally trained and do not have the 
culture within the profession to implement these programs with 
confidence. 

I remember that, when I was attending podiatry school almost 
30 years ago, we were just coming out of an era when the small 
muscles of the foot were still considered by many to be largely 
vestigial, difficult to activate, and mostly unimportant. Back then, 
strengthening programs were considered pointless for most 
conditions of the foot and practiced only by fringe practitioners; 
hallux valgus was considered by many to be merely a cosmetic 
problem; and there was little awareness of the importance of 
big-toe strength in balance.20 In fact, hallux valgus surgery was 
often assigned to trainee orthopedic surgeons as their first bone 
operation, mainly because results were considered unimportant.23 
The proximal phalanx of the great toe was often removed in that 
procedure—leaving behind a toe that was largely useless.

Decades earlier, however, we had some great surgeons and 
podiatrists championing the importance of foot strength. In 1954, 
chiropodist M. D. England advocated delaying footwear for as 
long as possible in children to build foot strength and prevent 
problems in adulthood.24

LER: Can a line be drawn between foot-muscle strength and  
hallux valgus?

MD: Hallux valgus has been a problem among humans for thou-
sands of years, but recently we’ve seen a significant increase 
in the rate of valgus deformity in countries where a transition is 

being made, beginning at a young age, from barefoot or straw 
shoes to western-style footwear.25 It’s commonly quoted that 
the rate of hallux valgus among barefoot populations is approxi-
mately 3% (although this varies considerably across populations). 
What we see, however, is that, in some populations, the rate has 
skyrocketed to approximately 30% when people transition to 
western-style footwear.25 We are yet to learn what is causing this 
increase, but I think there is a strong possibility that it is, at least in 
part, the result of a reduction in foot-strength development in chil-
dren that, quite possibly, might enhance their risk of hallux valgus 
and clawing of the lesser toes in adult life.

LER: Can foot strengthening be applied to managing plantar 
fasciitis?

MD: Treatment of plantar fasciitis invariably includes calf stretch-
ing.26 The presumption is that, in all cases of plantar fasciitis, 
there is limited flexibility of the calf. Indeed, reduced ankle range 
is common, but is not present in all cases.27 We should try to 
ascertain, patient by patient, why plantar fasciitis has developed. 
In addition, there is also routine prescription of a foot orthosis to 
reduce load on the plantar fascia.28

But something is missing in this paradigm: evaluation of foot 
strength as a potential component of care. Although plantar fasci-
itis is commonly associated with a lack of ankle range (which does 
possibly contribute to plantar fasciitis), there are still cases that 
occur in a state of hypermobility, not hypomobility, of the ankle—
in which case calf stretching is highly unlikely to provide resolu-
tion. In fact, calf stretching has been shown in some studies to be 
ineffective in people with restricted ankle ranges as well.26 

Many practitioners don’t take the time to assess range of mo-
tion, or disregard their findings if they do, and follow a formula for 
every case in hopes that a uniform approach might work for all. 
Some of my patients who have a hypermobile ankle are stretching 

Continued from page 49
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3 to 5 times a day and are not seeing improvement. For them, 
stretching is inappropriate: They already have enough range—
probably too much range!

Research from the University of Sydney has shown that the 
strength of the ankle evertor (peroneal muscles) and toe flexors is 
significantly reduced in people with plantar fasciitis.27 This research 
builds on a growing body of evidence regarding plantar fasciitis and 
reduced foot strength.29-31 Granted, this is early work, but I think we 
are on the cusp of a new appreciation of strength in the foot—not 
only in the way we assess it but also in the ways we implement 
treatment and combine that treatment with other forms of care, 
such as treatment of patellofemoral joint syndrome.32 

Let me add that extraordinary new findings being reported 
on how strength is used and applied go well beyond the foot, of 
course, to the entire body. We have seen impressive work in the 
shoulder, thanks to which we’ve realized that many smaller muscles 
around this joint can have an extraordinary effect on reducing im-
pingement.33 Regarding back pain, patients with seemingly devas-
tating degeneration become symptom-free or improve substantially 
with strength training.34

LER: Earlier, Dr. Mickle discussed her work on using muscle 
strengthening to address toe deformities. To conclude our discus-
sion, what’s your perspective on this strategy?

MD: Acknowledging the valuable research that’s been done, 
the foot nevertheless appears to have missed the full attention it 
deserves in regard to strengthening. It’s time to explore the im-
portance of foot strengthening using everything we have learned 
from various disciplines to evaluate this body part more objec-
tively. We’re just beginning to develop a tool set for more appro-
priately evaluating foot strength, delivering effective programs of 
care, and measuring the results of foot strengthening. 
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The JMMR KAFO has a patented distal posterior swivel hinge that 
allows the molded tibial section to be pulled with an elastic force strap 

to provide the necessary dynamic forces to correct limb deformity. 
The corrective forces are applied distal to the knee center and this 
allows for normal ambulation and full knee and ankle joint mobility.
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VISUAL ILLUSION OF 
ALTERED KNEE SIZE 
REDUCES PAIN IN OA 
SUFFERERS

In a study published July 17 in the jour-
nal Peer J, researchers at the University 
of South Australia (UniSA) Body in Mind 
Research Group have found that people 
suffering from knee osteoarthritis (OA) 
reported up to a 40% reduction in pain 
when presented with an illusion of the knee 
and lower leg elongated. Further, the pain 
reduction was optimal when the illusion 
was repeated numerous times — that is, its 
analgesic effect was cumulative. 

The research provides proof-of-con-
cept support that visual illusions can play a 
powerful role in reducing pain, said Tasha 

Stanton, PhD, a UniSA researcher, Na-
tional Health and Medical Research Coun-
cil career development fellow, and study 
co-author.

“[B]y understanding the neurological 
processes at work, we may be able to 
ease pain more effectively for people with 
chronic conditions, reduce their reliance on 
medications, and find alternative physical 
therapies to help manage conditions like 
osteoarthritis,” Stanton said. “This research 
adds to a growing body of evidence that 
the pain experienced in osteoarthritis is not 
just about damage to the joint.

There are other factors at play and the 
more we understand about these natural 
mechanisms for reducing pain and how 
they are triggered, the more opportunity we 
have to develop a range of treatments to 
manage chronic conditions.”

Stanton TR, Gilpin HR, Edwards L, Mo-
seley GL, Newport R. Illusory resizing of the 
painful knee is analgesic in symptomatic 
knee osteoarthritis. PeerJ, 2018; 6: e5206 
DOI: 10.7717/peerj.5206. 

VARIABLE ABDUCTION HIP 
ALIGNMENT ORTHOSIS

Swash, the variable abduction hip alignment 
orthosis from Allard USA, has a fresh new 
look. Swash Steady replaces the previ-
ous Swash Classic model and Swash Go 
replaces the previous Swash Low Profile 
device. Designed with the patient and care-
giver in mind, the new designs feature soft, 
attractive, and durable fabric covers. Both 
new models include oval abdominal pads 
with cinch-strap closures for easy symmet-
rical application, and angled low-profile hip 
joints to reduce interference with poste-
rior walkers. Each orthosis (except size 1 
Steady) features 8mm diameter uprights 
to control high abductor tone. All devices 
have low-profile quick-release buckles for 
easier and faster donning and doffing. Con-
tact Allard USA for a free brochure plus a 
free 7-in-1 Allen key set.

Allard USA
888/678-6548
allardusa.com

BAREFOOT EXERCISING 
MAY IMPROVE 
BALANCING, JUMPING 
SKILLS IN CHILDREN

“Walking barefoot is widely thought to be 
more natural, and the use of footwear has 
long been discussed as an influencing fac-
tor on foot health and movement pattern 
development,” said Astrid Zech, PhD, from 
the Institute of Sport Science, Friedrich 
Schille University of Jena, Germany. Toward 
this end, she and two research teams as-
sessed the relevance of growing up shod 
versus barefoot on jumping, balancing, and 
sprinting motor performance during differ-
ent stages of childhood and adolescence. 
The study, published in a recent issue of 
Frontiers in Pediatrics, shows that habitually 
barefoot children are noticeably better at 
jumping and balancing compared to habit-
ually shod children, particularly from 6-10 
years of age. While these beneficial bare-
foot effects diminished in older adolescents, 
the research nevertheless highlights the 
importance of barefoot exercise for motor 
development as children grow and mature.

The cohort comprised 810 children 
and adolescents from 22 primary and sec-
ondary schools across rural Western Cape 
South Africa and urban areas of northern 
Germany. The two groups were selected to 
represent different footwear lifestyles: chil-
dren from South Africa are habitually bare-
foot, while children from Germany wear 
shoes most of the time. 

The habitually barefoot participants 
scored significantly higher in the balance 
and jumping tests compared to the habit-
ually shod participants. This difference was 
observed in both test conditions (barefoot 
and shod) and across all age groups (6-10, 
11-14, and 15-18 years), but was particu-
larly evident in 6-10 year old children. The 
habitually barefoot children also performed 
better when barefoot than when shod. 
However, the results for the sprint test 
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(A) The red arrow indicates the direction 
of tactile input provided. In the Congruent 
Visuotactile illusion, the tactile input 
directionally matched the visual manipulation 
(i.e., knee visually shrunk to look smaller, 
tactile push toward the knee to match visual 
input); in the Incongruent Visuotactile illusion, 
the tactile input did not directionally match the 
visual manipulation (e.g., knee visually shrunk 
to look smaller, tactile pull away from the 
knee, unmatched to visual input). Photograph 
credit: Anne Graham. (B) The gray shaded areas 
represent the control conditions for which the 
most analgesic congruent visuotactile illusion 
was compared to for analysis purposes. Figure 
available via Creative Commons License at 
https://peerj.com/articles/5206/



showed the habitually shod children per-
formed better, particularly those in the 11-
14 year age group, and both groups per-
formed better while shod. The researchers 
explained that environment, the one factor 
that could not be standardized across the 
two study locations, may have influenced 
this result.

“In South Africa, the sprint test took 
place outdoors, with different weather con-
ditions and surfaces. In contrast, the Ger-
man children took the sprint test indoors, 
mostly in a sports hall with a sprung floor,” 
said Zech. “The type of shoe may also have 
influenced the results. South African stu-
dents run in school shoes, while German 
students use sneakers or athletic shoes in 
their physical education classes. So while 
our results suggest that growing up shod 
may be beneficial for fast sprinting, we 
need to investigate this further.”

Overall, the researchers’ work empha-
sizes the benefits of barefoot physical activi-
ties for motor development.

Astrid Zech, Ranel Venter, Johanna 
E. de Villiers, Susanne Sehner, Karl 
Wegscheider, Karsten Hollander. Motor 
Skills of Children and Adolescents Are 
Influenced by Growing up Barefoot or 
Shod. Frontiers in Pediatrics, 2018; 6 DOI: 
10.3389/fped.2018.00115. 

WINTER’S DAY BOOT

The Winter’s Day boot by Samuel Hubbard 
is a cross between a bedroom slipper and 
a Gore-Tex trail boot, with the look of a 
proper gentlemen’s sole. The shoe features 
a Davos Ice Sole with super grip technol-
ogy, which is designed to keep the wearer 
sure-footed in all climates, including icy 
conditions. The triple-density, removable 
Poron insole provides cushioning with every 
step, and a full glove-leather lining provides 
a soft feel to the wearer and eliminates 
pressure points.  Handcrafted in Portugal, 
the Winter’s Day includes a fine shearling 
lining to keep feet warm. The boots can 
easily be resoled, allowing for years of wear.

Samuel Hubbard
844/482-4800
samuelhubbard.com

THORLOS ADVENTURES 
SERIES SOCKS

Thorlos’ Adventure Series lifestyle-specific 
protective socks have design features 
that make them appropriate for multiple 
activities and environments. The Thorlos 
Adventure Series socks are available in four 
styles:  Thorlos for the Outdoor Athlete are 
designed for intense outdoor sports, includ-
ing obstacle courses, mountain running, 
mud runs, endurance races, boot camps, 
and biking. Thorlos for the Outdoor Fanatic 
are designed for speed hiking, backpack-
ing, canyoneering, peak bagging, and trail 
running.  Thorlos for the Outdoor Explorer 
are designed for hiking, backpacking, and 
camping. Thorlos for the Outdoor Traveler 
are designed for low-intensity hikes and 
strolls or for any occasion with casual foot-
wear.

Thorlos
888/846-7576
thorlo.com 

HEEL DEFENDER 
ORTHOTIC INSOLES 
SELECTED FOR CLINICAL  
TRIAL
Defender Operations, South Miami, 
Florida announced its Heel Defender 
Orthotic Insoles have been selected for 
use in a clinical trial of a new treatment for 
Achilles tendonitis. The treatment entails 
the injection of a bioactive tissue matrix 
allograft to promote healing of chronic 
Achilles tendonitis. A Level 1 randomized, 
multicenter, blinded, controlled, clinical trial 
is currently under way to investigate the 
therapeutic results of this novel treatment.  
Potentially, this therapy could help millions 
suffering from their painful and debilitating 
foot condition.

For best results from this new Achilles 
tendonitis treatment, it is important to 
reduce undue pressure on the affected 
heel while enabling patients to remain 
ambulatory.  Medical investigators chose 
the Heel Defender for this purpose.

MATPLUS ADJUST-A-HEEL

Matplus’ Adjust-A-Heel lift is a fast and sim-
ple solution to correct leg length discrep-
ancy and can also be used to treat plantar 
fasciitis, Achilles tendonitis, and heel spurs. 
The lifts are constructed of ultra-durable, 
firm MP sponge layers; the peel away layers 
allow for 3/8”, 1/4”, or 1/8” total thickness. 
The lifts feature a plush synthetic suede 
top cover, and come in small, medium, and 
large configurations to accommodate most 
shoe sizes. Matplus is offering the Adjust-
A-Heel lift at a special introductory price of 
$2.75 each or $5.50 per pair. Private label 
options are available.

Matplus
440/352-7201
Matplusinc.com 

ULTRALIGHT WALKING 
SHOE COLLECTION

The new Ultralight collection of Walking 
Shoes from Waldlaufer USA is made with 
soft, water-resistant nubuck or leather for 
breathability and durability. The shoes 
feature a weather-covered footbed that is 
cushioned and feather-light for maximum 
comfort, and it is removable to accom-
modate orthoses and many other braces. 
Among the Ultralight collection is the wom-
en’s Janina, which is available in navy multi 
print and black/bronze print, making it a 
stylish option for year-round wear. The new 
Janina model comes in European width H, 
which is equivalent to a US women’s C-D.

Waldlaufer
866/537-8363
waldlaufer.com
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FIRST MOBILITY-IMPAIRED 
RUNNER COMPLETES 
100TH ROCK ‘N’ ROLL 
MARATHON RACE 

Beth Deloria became the first mobility-im-
paired runner to complete 100 races in the 
Rock ‘n’ Roll Series, and the 11th athlete 
overall to hit the 100-mark, when she com-
pleted the series’ Raleigh, North Carolina, 
event in April. Deloria, who has foot drop, 
uses an Allard ToeOFF AFO. She is also 
the founder of Allard’s TeamUP, the first 
national team composed of people who all 
live with foot drop paralysis.

The Rock ‘n’ Roll half- or full-marathon 
series span the globe, with more than 
500,000 participants in 30 locations each 
year. Deloria was joined at the Raleigh 
event by 11 of her TeamUP teammates. 
While not everyone on TeamUP is able to 
run, several of her teammates did compete 
alongside her in the 5K or half-marathon 
distances. In addition, all 12 TeamUP mem-
bers participated in the 1-mile walk to bring 
attention to the many faces of foot drop and 
AFOs.

SOFT DENSITY MASSAGE 
BALL

OPTP has added a foam massage ball to 
its product lineup. The PRO Soft Release 
Ball features a soft density for comfortable 
massage and stretching, suited for physical 
therapy, tension release, and exercise re-
covery. The massage ball is created from 
the same foam and identical construction 
as OPTP’s popular signature PRO-ROLLER 
Soft Foam Roller. It is designed to with-
stand heavy, repeated use in the gym, at 

the clinic, or at home. Its soft, comfortable 
compression provides for gentle rolling 
and stretching, making it suitable for sore 
muscles, sensitive areas, or those who 
prefer a less intense massage. At 5” in di-
ameter, the ball is large enough to roll out 
big muscle groups like the back, quads, and 
hamstrings, but still small enough to target 
glutes, IT bands, calves, arms, the neck, and 
other areas much easier than with a tradi-
tional foam roller.

OPTP
800/367-7393
optp.com

SWEDE-O JOINT WRAP 

The Swede-O Joint Wrap from Core Prod-
ucts International comfortably surrounds 
painful, inflamed joints with cold therapy. 
The adjustable straps provide compression 
and secure the pack to the painful area to 
help provide long-lasting, drug-free relief. 
The plush fabric is soft to the touch and 
gentle on the skin and slowly releases cold 
therapy for subacute injuries, while the 
smooth surface quickly releases cold ther-
apy for acute injuries. The nontoxic, biode-
gradable filling stays soft and pliable when 
frozen. Simply store the pack in the freezer 
for a minimum of 1 hour prior to use; the 
pack will remain cold for 20-30 minutes. 
The wrap is reusable and made in the US.

Swede-O by Core Products  
International, Inc.
800/365-3047
swedeo.com 

NATA ANNOUNCES NEW 
VP, SECRETARY/TREA-
SURER, BOARD MEMBERS  
The National Athletic Trainers’ Association 
(NATA) announced that Marisa Brunett, 
MS, ATC, LAT, has been elected vice pres-
ident, and Chris Hall, MA, ATC, LAT, was 
appointed secretary/treasurer. Brunett 

replaces President Tory Lindley, MA, ATC, 
whose presidential term began June 28.

Brunett is the direc-
tor of public relations and 
outpatient and community 
services for Central Flori-
da-based Nirvana Sports 
Medicine and Rehabilita-
tion Service and Nirvana 
Health Services. She has 
served on numerous 
NATA committees and 
was on the Southeast Athletic Trainers’ 
Association (SEATA) executive board, in-
cluding her role as vice president and chair 
of several committees. In addition, she held 
several leadership positions with the Ath-
letic Trainers’ Association of Florida (ATAF). 
Brunett was inducted into the SEATA Hall of 
Fame in 2011 and the ATAF Hall of Fame 
in 2008. She has received many awards in-
cluding NATA’s Most Distinguished Athletic 
Trainer Award and Athletic Trainer Service 
Award.

Hall is an athletic 
trainer and manager of 
business services for 
Texas Health Sports 
Medicine in Fort Worth, 
where he supports the 
five clinics that serve 16 
counties in the Dallas/
Fort Worth area. Hall has 
volunteered in numerous 
roles with NATA and the Southwest Athletic 
Trainers’ Association (SWATA). Among the 
many awards Hall has received are the 
NATA Athletic Trainer Service Award; SWA-
TA’s Eddie Wojecki Award and Bobby Gunn 
Award; and the Doug Gibbons Above and 
Beyond Award from the North Texas Ath-
letic Trainers’ Society. In July 2018, he was 
elected to the SWATA Hall of Fame for his 
service to the profession and to the SWATA 
membership.

In addition, NATA welcomed four new 
board members:

• David Gallegos, MA, ATC, Cert. MDT, 
is the deputy CEO of Southwest Sport & 
Spine Center, Inc. in Las Cruces, New Mex-
ico, and El Paso, Texas, a position he has 
held for over 10 years. He is one of just 10 
athletic trainers credentialed in mechanical 
diagnosis and therapy. 

• Lyn Nakagawa, MS, ATC, CSCS, is 
currently an assistant athletic trainer at the 
University of Hawaii at Manoa, Honolulu.

• Diane Sartanowicz, MS, LAT, ATC, 
has served as director of the Massachu-
setts Concussion Management Coalition 
(MCMC) at Boston Children’s Hospital since 
June 2016. 

• Craig Voll, Jr., PhD, LAT, ATC, has 
been the manager of sports medicine for 
Franciscan Health, Lafayette, Indiana, for 
the past year.

INDUSTRY SNAPSHOT 
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David Armstrong, DPM, MD, PhD, a 
professor of surgery at the University of 
Southern California (USC), Los Angeles, 
Keck School of Medicine, and Charles 
Liu, MD, PhD, a professor of clinical 
neurological surgery and director of 
USC’s Neurorestoration Center, have 
collaborated on the development of a 
smart insole. The technology has impli-
cations for the reduction of amputations 
resulting from diabetic foot ulcers. 

Both were already studying how 
much information a person takes in 
through the nerves of the feet; how 
to preserve, repair, or replace that 
information system; and how nerve 
damage can affect a patient’s mobility. 
Armstrong, who is also the founder 
and co-director of the Southwestern 
Academic Limb Salvage Alliance, which 
aims to reduce diabetes-related am-
putations, is interested in metabolic 
health, mobility, and neuropathy, Liu 
noted.

“As a neurosurgeon, I’m interested 
in lower-extremity function and meta-
bolic health, too,” he said. “In my work, 
I think about how to restore mobility to 
patients who can’t feel their legs. It’s a 
similar problem to diabetic foot ulcers.”

While looking for a project on 
which to collaborate, the surgeons 

came across a Canadian security com-
pany that was working with the idea of 
capturing pressure signatures — the 
way weight is distributed across peo-
ple’s feet as they walk — which are as 
distinctive as fingerprints. The surgeons 
realized that pressure signatures could 
be a way to spot changes in a person’s 
gait early on, which can be a warning 
sign of a more serious problem. With 
their shared interest in wearable tech-
nology, Armstrong and Liu steered the 
company toward developing a smart 
insole. The device will flag changes in a 
patient’s gait, activity level, and balance, 
as well as monitor for the localized 
temperature increase that can reveal a 
building infection before the human eye 
can spot it. Further, Armstrong and Liu 
expanded the functionality of the insole 
to have it reward patients for increasing 
their activity or losing weight, make nu-
tritional recommendations, or discreetly 
remind a patient to get his or her daily 
walk in. Their work has the potential to 
give patients a sense of greater contact 
with their care team while reducing the 
need for in-person office visits.

The insole tied for first place for 
the Global People’s Choice Award in 
this year’s Diabetes Innovation Chal-
lenge run by T1D Exchange.

CRAIG R. BOTTONI, MD
Orthopedic surgeon and LER Editorial 
Advisory Board Member Craig R. Bottoni, 
MD, and colleagues John D. Johnson, DO, 
CPT, Liang Zhou, MD, Sarah G. Raybin, 
BA, MAJ, James J. Shaha, MD, COL (ret), 
Kenneth K. Lindell, MD, MAJ, and David D. 
Thoma, DO, were awarded the O’Dono-
ghue Sports Injury Research Award for 
research titled, “Arthroscopic vs. Open An-
terior Shoulder Stabilization: A Prospective 
Randomized Clinical Trial with 15-Year Fol-
low-Up and an Assessment of ‘On-Track’ 
and ‘Off-Track’ as a Predictor of Failure.” 
The award, presented by the American 
Orthopaedic Society for Sports Medicine 
(AOSSM), is named after Don H. O’Dono-
ghue, MD, who has been called the Father 
of Sports Medicine in the United States. 
His early work on knee injuries led to 
the development of the subspecialty and 
started the interest in the care of athletes. 
It is given annually to the best overall pa-
per that deals with clinical-based research 
or human in vivo research. The award was 
presented at the AOSSM Annual Meeting 
in July in San Diego, CA. 

Bottoni, who has more than 20 years 
of experience, specializes in osteoarthritis 
of the hip, knee, hand and wrist, and ar-
throscopic surgery at Tripler Army Medical 
Center in Honolulu, HI.

As a leader in orthopaedic sports med-
icine, AOSSM annually provides more than 
$300,000 to research initiatives and proj-
ects around the country.

The Future Is Knocking
USC PODIATRIC SURGEON, NEUROSURGEON 
COLLABORATE ON SMART INSOLE

LER’S BOTTONI WINS 
AOSSM RESEARCH AWARD

The smart insole can 
measure gait, activity 
level, and balance 
and detect a rising 
temperature which could 
be a sign of infection. 
The project is the result 
of collaboration between 
a podiatric surgeon and a 
neurosurgeon. 

Credit: Image/Courtesy 
of Bernard Grisoni, 
Autonomous ID
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INTRODUCING

THE NATURAL 
The latest addition to the Apex FitLite Collection
     • Simple • Sustainable •  Exceptionally Comfortable

Naturally Appealing!
Our product development team searched high and low to 
fi nd the right innovative textile blend and found our wooly 
friends are a fabulous resource for footwear! Not only 
is wool natural, but it also aids in breathability, 
optimum comfort and temperature regulation.

 Breathable wool upper 
(minimizes odor & regulates temperature)

Heel pull tab
Lightweight EVA midsole
5/16” removable depth in two layers
Rubber outsole for traction & stability
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Additional Features:
•  Moisture-wicking fabric lining • Mildew & mold-resistant
•  Functional & durable • A-Last for superior fi t & functionality

Naturally Appealing!
Our product development team searched high and low to 
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Our product development team searched high and low to 
fi nd the right innovative textile blend and found our wooly 
friends are a fabulous resource for footwear! Not only 
is wool natural, but it also aids in breathability, 
optimum comfort and temperature regulation.

Mildew & mold-resistant
 A-Last for superior fi t & functionality

Our product development team searched high and low to Our product development team searched high and low to 
fi nd the right innovative textile blend and found our wooly 
friends are a fabulous resource for footwear! Not only 

Our product development team searched high and low to 
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Women’s
Model: A8000W & A8100W
Sizes: 5-11, 12
Widths:   Medium (B/C)

Wide (D/E)
X-Wide (2E/3E)

Men’s
Model: A8000M & A8100M
Sizes: 7-13, 14, 15
Widths:  Medium (C/D)

Wide (E/2E)
X-Wide (3E/4E)

A8100(M/W)

A8000(M/W)

TM

Available at SafeStep
800.956.1382 | SAFESTEP.NET
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