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In recent years there’s been a lot of study and
discussion—some of it quite contentious—of the
relative merits of running barefoot, in minimalist
shoes, or with various foot-strike patterns. But it
seems to me that these debates are distracting
foot specialists from a more important aspect of
this research: the clinical implications of intrinsic
foot muscle weakness.

As detailed in this issue of LER: Foot Health
(see “Importance of intrinsic muscles for foot
health,” page 15), one study suggests that runners
who have difficulty transitioning from conventional

running shoes to minimalist shoes are more likely to have undersized intrinsic
muscles than those who make the transition more easily. Regardless of how one
interprets this finding relative to the advisability of minimalist running, it clearly
adds to a growing body of literature suggesting that weak intrinsic foot muscles
are associated with a number of foot-health issues—including plantar fasciitis, 
diabetic neuropathy, and obesity-related foot pain.

Another recent running study found that habitually shod runners who
gradually transition to minimalist shoes over a six-month period can signifi-
cantly increase intrinsic foot muscle size. This suggests that a switch to bare-
foot or minimalist footwear can be an effective intervention to address intrinsic
weakness. But that’s only true for patients in whom minimalist running is both
feasible and safe. It’s probably not a realistic option for most patients with 
diabetic neuropathy, for example. 

Foot strengthening exercises, on the other hand, offer an intervention that
can be done by just about anyone. The effect of these exercises on intrinsic
foot muscle size or strength has yet to be fully documented in the literature,
but the findings so far are promising. 

Running style preferences may always be up for debate. But, given the 
apparent prevalence of intrinsic foot weakness, it’s clear that intrinsic strength-
ening really should be considered as part of treatment for almost any foot issue.

Jordana Bieze Foster, Editor

June 2016

15 Importance of intrinsic
muscles for foot health
A growing body of research suggests the strength of small muscles in the
foot can have big implications for a range of foot-health issues—including
running-related injuries, diabetic neuropathy, obesity, flatfoot, and plantar
fasciitis—and that interventions for strengthening the intrinsics may help.
By Barbara Boughton 

21 Materials science targets
foot odors and microbes
Silver fibers and other examples of nanotechnology are increasingly turning
up in shoes, socks, and orthotic topcovers in an effort to control odors,
reduce the risk of infection, and improve foot health by making these devices
moisture wicking, breathable, antifungal, and/or antibacterial.
By Shalmali Pal
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Region-specific foot pain doesn’t
always match pressures, forces
Gait compensation may play role 
By Emily Delzell

The location of foot pain doesn’t always
correspond with elevated plantar pres-
sures and abnormal forces, which sug-
gests the availability of region-specific
compensatory gait mechanisms may play
a role, according to recent research using
Framingham Foot Study data.  

Investigators included 3158 Framing-
ham participants (56.1% women, 6280
feet) aged 66.2 ±10.5 years. Participants
walked barefoot at a self-selected pace
across mats that captured pressure and
force data, which were calculated for four
regions: the toes, forefoot, midfoot, and
rearfoot. Participants self-reported specific
foot regions as having pain, aching, or stiff-
ness on most days or no pain. 

Investigators grouped feet by pain re-
gion: toe pain only (TPO); forefoot pain
only; midfoot pain only (MPO); rearfoot
pain only (RPO); pain in two regions; pain
in three or more regions; and no foot pain.
Patients reported regional foot pain in
1520 feet (24.2%), with the forefoot the
most common location of pain (12.1%).
Patients with RPO were younger than
those without pain, and women were more
likely than men to have TPO, FPO, and
pain in multiple foot regions. 

Investigators found associations be-
tween pain and abnormal pressure and
forces only in participants with rearfoot
and midfoot pain. Compared with pain-
free feet, patients with RPO had signifi-
cantly lower rearfoot peak pressure
(-6.1%) and rearfoot maximum vertical
force (-5.1%). At peak vertical loading,
RPO feet had significantly lower rearfoot
force (3.1%) and higher forefoot force
(2.8%). Feet with MPO didn’t have higher
pressure in the pain region than pain-free
feet, but toe pressure was 6.1% higher,
and these participants had greater maxi-
mum vertical force at the forefoot (3%)
and midfoot (24.1%) and 3.5% higher
midfoot force at peak vertical loading than
those without pain.  

The lower forces found with rearfoot
pain may result from participants slowing

their walking speed, having reduced ankle
dorsiflexion (not evaluated in this study), or
both, said Jody Riskowski, PhD, a biome-
chanical researcher at Glasgow Caledon-
ian University in the UK and lead author of
the study, which was published in October
by the Journals of Gerontology: Medical
Sciences. 

“Based on some prior Framingham
work, the more likely reason is reduced
gait speed,” she said. 

In participants with midfoot pain,
Riskow ski and her colleagues identified a
number of foot disorders, particularly
hammer toes. 

“Hammertoes can reduce toe muscle
forces for push-off during gait, and the
midfoot will provide greater force, which
often leads to greater pressure during
walking,” she said. “Notably both regions
where we saw associations with regional
pain to aberrant forces and pressures
were in the proximal foot, where it may be
harder for the individual to change gait,
given these areas are necessary for the
loading phase. Individuals with distal foot
pain may use different foot regions for
push-off—most likely the midfoot. In the
end, the main difference for some pain re-
gions having association with aberrant
pressure or forces seems to be the avail-
ability of a compensatory mechanism for
gait.” 

“It’s nice to see this paper confirming
what podiatrists often see in clinical prac-
tice,” said Bruce Williams, DPM, director of
Gait Analysis Studies at Weil Foot-Ankle &
Orthopedic Institute in Chicago, who 

reviewed the study for LER: Foot Health.
“Often, where patients hurt isn’t where the
problem is, and where the problem is isn’t
where it hurts.”

As in the study, Williams is more likely
to see increased region-specific forces as-
sociated with midfoot pain than rearfoot
pain, he said. 

“Quite often what I’ll see in patients
who have heel pain, for example, is that
they tend to avoid that area, so you see
the increase overall in vertical forces,” he
said. “With forefoot pain, I see a lot of high
pressures, especially under the central
metatarsals when patients have a neu-
roma or metatarsalgia symptoms; that pain
often will be consistent because pressure
will light up early in that area.”  

Riskowski feels the study underscores
the need for a holistic approach to orthotic
design. 

“I think there often is an assumption
that we should offload areas of high pres-
sure with orthotics. For many populations,
particularly those with diabetes or periph-
eral neuropathy, it is paramount to reduce
the risk for ulcers,” she said. “But another
important consideration should be evalu-
ating the effects of wearing an orthotic ver-
sus not wearing the orthotic with respect
to joint movements at the ankles, knees,
and hips. Several studies suggest aberrant
foot mechanics are associated with
greater risk of pain in the ankles, knees,
and hips, and the role of the orthotics
should be to restore and/or promote a
more effective and natural foot function to
keep all joints happy and healthy, not just
to offload high forces at the foot.” 
Source: 
Riskowski JL, Hagedorn TJ, Dufour AB, Hannan MT.
Associations of region-specific foot pain and foot bio-
mechanics: The Framingham Foot Study. J Gerontol
A Biol Sci Med Sci 2015;70(10):1281-1288.

The findings underscore the

need for a holistic approach

to orthotic design, rather

than always offloading areas

of high pressure or force.
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Shoe Showcase: Help your patients step out in style

Drew Tuscany
The Tuscany athleisure shoe for women offers a new,
sparkling look from Drew. Tuscany shoes are walking
shoes with added depth that can accommodate prescribed
foot orthoses. Drilex-
covered insoles with
Aegis antimicrobial
features keep active
feet cool and dry; the
built-in heel cushion
pad, arch support, and
full-contact rocker bot-
tom with wide shank
add to the overall com-
fort and performance.
Available in pewter (pictured) and black, in sizes 5-13,
and in five widths.
Drew

800/837-3739

drewshoe.com 

Anodyne No. 19 Casual Mary Jane
Incredibly lightweight, the No. 19 Casual Mary Jane from
Anodyne weighs in at just 5.6 oz. This A5500-reviewed
style also features a full-grain leather upper, an anti -
microbial-treated microfiber
lining, a strap with hook-
and-loop closure, a padded
collar, a protective toe box,
and a strong shank and heel
counter. This ergonomic
construction is almost com-
pletely seamless as well.
Available in black (pictured)
or cognac, in women’s sizes
5.5-12 and in three widths. 
Anodyne 

844/637-4637 

anodyneshoes.com

Samuel Hubbard Free
With the Un-Sneaker
collection, Samuel
Hubbard set out to
make an “everyday
shoe” for people with
an active lifestyle.
With soft upper mate-
rials, full glove-leath -
er linings, a one-piece
vamp, hidden padded
collar, removable memory-foam cushioned insoles, and
lightweight Vibram Morflex outsoles, the Un-Sneaker
collection is designed for men who move, walk, work,
live, and play. The Hubbard Free style (pictured, in brown
nubuck) is available in men’s sizes 7-14 and in 10 colors. 
Samuel Hubbard Shoe Company

844/482-4800

samuelhubbard.com 

Apex Sydney
Apex introduces the Sydney, the newest addition to the
company’s Petals line of soft, light, and beautiful shoes
for fashion-forward women who need superior support
and adjustability. The Sydney is a boat shoe style that
is crafted from supple leathers and designed with casual
comfort in mind. Features include a soft, breathable
mesh lining, a slip-resis-
tant rubber outsole for
traction and stability,
and 5/16" of removable
depth in two layers.
Available in two sea-
sonal colors, bone and
camel. 
Apex

800/252-2739 

apexfoot.com

Arcopédico Alice
Arcopédico’s new Alice style for
women is designed to be the
essence of casual chic while still
being ideal for all-day wear at
work. Designed in solid-tone
suede, this slide-on loafer fea-
tures a hand-stitched vamp,
cushioned insole for superior
comfort, metal-free twin arch

supports, and a lightweight
outsole. Whether for work or
travel, Alice puts her best foot
forward. Available in red (pic-
tured), navy, or black in Euro-
pean sizes 36-41. Suggested re-
tail price is $120.
Arcopédico USA

775/322-0492

arcopedicousa.com
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Alicia Slide from Spenco
New from Spenco for fall 2016 is the Alicia Slide for
women, which is detailed with embossed floral leather
and synthetic suede trim that can complement a casual
or dressier look. The decorative button and the floral
lining add eye-catching elements to the design. Other
features include deep heel cupping; a metatarsal dome;
a nonslip, nonmarking outsole; and a Total Support
Footbed to maximize comfort and support. Available in
wine (pictured), navy, or black, in sizes 5-11.
Spenco Medical Corporation

800/877-3626

spenco.com

Mephisto Jissy
The Jissy from Mephisto is a casual sandal with a stylish
profile. Like all Mobils by Mephisto comfort footwear, it
features all-over cushioning between the lining and the
upper to pillow the feet, along with soft-air technology
in the midsole to minimize shock. The Jissy features a
wedge heel, adjustable straps for a customized fit, and
a removable footbed. Available in bronze reflet (pic-
tured), dark taupe old vintage leather, and black bucksoft
leather, in women’s sizes 5-12.
Mephisto USA

800/775-7852

mephistousa.com 

Gem Caballo from Vionic
Vionic introduces a new silhouette. The Gem Caballo flat
for women features a pointed toe with an envelope vamp
detail, along with a removable footbed and stylish up-
pers made of suede, snake-printed leather, or haircalf.
The Gem Caballo also features the company’s Orthaheel
technology, including a firm yet flexible midsole, a deep
heel cup, and a biomechanically designed footbed. Avail-
able in leopard haircalf, natural snake, merlot, and black
snake, in sizes 5-11.
Vionic Group

415/492-2190

vionicshoes.com 

On Cloudster
The Cloudster, from Swiss footwear company On, fea-
tures a very stiff flex and a slightly rockered speedboard,
which keep the foot in a natural position while minimiz-
ing the loaded flex on the foot. A four-way adaptive-fit
stretch material across the toe box allows for a natural
toe splay. On shoes feature CloudTec cushioning, which
actively adapts to each individual’s preferred movement
pathway. The Cloudster is available in women’s sizes 
6-11 and men’s sizes 7-14, in multiple colors. 
On

503/222.0691

on-running.com

       

Revere Santa Monica
The Santa Monica for women
from revere Comfort Shoes fea-
tures a stylish V front, a back
strap, metal trim detail, and fore-
foot and rearfoot adjustability to
provide a personalized fit. The
sandal’s design also features a 
removable comfort insert, with
enough depth to accommodate a

custom orthotic device, and a
slip-resistant outsole. Matching
strap extensions are included for
additional customizability. Avail-
able in champagne (pictured),
coral, navy snake, and black, and
in women’s sizes 5-12. 
revere Comfort Shoes USA

208/720-2100

revereshoes.com
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Few businesses can claim a heritage
quite as long as the Bail family’s five-
generation relationship with the shoe

industry. But more than just a long history
of selling shoes, the Bail family’s story is
one of resilience.

One generation after another has
adapted to local needs, market trends and
economic vicissitudes—from the boot
soles crafted by French-Canadian patri-
arch Napoleon Bail to the custom-made
shoes and orthotic devices made five gen-
erations later by Chris Bail, CPed, and his
daughter, Laura Bail, CPed.

“Around 1890, my great-grandfather,
Napoleon Bail, emigrated from Canada to
the Pioneer Valley in Western Massachu-
setts,” said current proprietor Chris Bail.
“He spoke no English but wanted a way to
support his family. So he set up a cobbler
shop near a railroad transfer station. In ex-
change for his work, he would ask his cus-
tomers to read him local newspapers and
translate the content into French.” 

The Canadian immigrant’s son, Chris
Bail’s grandfather, took the company’s
shoe repair business, which by that time
included selling shoes as well, to its next
iteration when he graduated in 1924 from
the American School of Practipedics in
Chicago, where he studied under footwear
icon William M. Scholl, MD. That clinical
emphasis has been with the Bails ever
since. 

Father and daughter, upon completing
120 hours of coursework, rebranded their
new business as Bail’s Custom Footcare
and worked out of a podiatry practice for
two years before establishing their own 
office, this time in South Hadley, MA. 

“Today we work in close relationships
with general physicians, orthopedists, po-
diatrists, knee specialists, and pediatri-
cians,” Chris Bail said. 

They both split their time between ap-
pointment days, when they may see as
many as 25 scheduled customers, and lab
days, when they do the hands-on crafting
of shoe modifications, orthotic devices,
and other foot health accessories.  

“Not a week goes by that someone
doesn’t call us or send a thank you note
saying we helped them,” Bail said. “The
very best thing for us is a personal referral
from a satisfied customer. We get physi-
cian referrals all the time, and that’s really
helpful. But if someone tells a friend, ‘I
went to see Laura and Chris, and they
asked questions and figured out what
would work for me,’ that’s our greatest
form of success.”

Nancy Shohet West is a freelance writer in
the Boston area.. 

Bail’s Custom Footcare: 
Resilient business evolves and adapts over five generations
By Nancy Shohet West

Chris Bail’s father, Oscar, brought to
the company not only the technical expert-
ise he’d absorbed from his own father but
also the business skills he’d learned in col-
lege. At the time, that dual skill set seemed
ample for continuing to build a shoe retail
business. But, in 1964, Oscar Bail attended
a sales convention and was invited to un-
dergo certification as a pedorthist. The shop
became a key player in the newly emerging
pedorthics movement.

Chris Bail became an employee of his
father’s shop, then called Bail’s Shoe Store
and later Oscar Bail & Son Shoe Store,
when he graduated from high school. 

“I started with gaining an understand-
ing of how a shoe was made. Then my fa-
ther began teaching me to fit shoes,” he
said.

Around 2000, just as Oscar Bail made
the decision to retire, the economy in the
Pioneer Valley became precarious, and
businesses of all kinds had to adapt quickly
or risk failing. Chris Bail saw that the retail
side of his business might be a necessary
casualty. 

“We were doing so much more in the
pedorthic business than the retail business
that I wasn’t really interested in selling
shoes conventionally anymore,” he re-
called. 

What interested him most at that time
was crafting foot orthoses. But he lacked
the necessary certification. Contemplating
the pros and cons of more training, Chris
found motivation from an unexpected
source: His daughter Laura, barely in her
twenties at the time, said she would attend
pedorthic certification training with him.
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Crary Shoes:  
Pedorthic expertise complements decades of custom shoemaking 
By Samantha Rosenblum  |  Photos by Monty Wolfe

ing muscular dystrophy, multiple sclerosis,
rheumatoid arthritis, and Down syndrome,
as well as injured workers and veterans.
Their custom shoe styles include work
boots, hiking boots, and walking shoes.

“Our real goal is to provide quality cus-
tom footwear that looks good and func-
tions well. I get a lot of enjoyment and
fulfillment out of being able to make a bet-
ter looking shoe for these clients than what
they’re used to getting,” Johanson said. “I
understand the different disease states and
how they affect the feet, how they affect
the feet in motion, and how to make a
proper shoe for these patients.” 

Johanson described the company’s

shoemaking process as a combination of
old style craftsmanship and new technol-
ogy. Each mold is scanned using orthope-
dic CAD-CAM software, and each last is
carved using digital technology.

“We have a saying here that the last is
always first. It’s the last that we’re going to
mold the shoe on, and if that fit is good,
then everything else is great,” Johanson
said. “If the last is wrong, you can make the
most beautiful shoe in the world, and if it
doesn’t fit, it doesn’t do anybody any
good.”

The rest of the shoe is made by hand.
The pedorthic and clinical facility in Port-

Crary Shoes has a motto: “The last is
always first.” With a decades-long
commitment to quality, the busi-

ness provides custom shoes for clients
with a spectrum of foot concerns, ranging
from diabetes to unusually shaped or sized
feet.

Located in Portland, OR, Crary Shoes
was founded in 1978 by Bill Crary, who in-
herited the trade from a lineage of shoe-
making. His grandfather founded Danner
Boots, which his father then owned during
Bill’s childhood. Crary Shoes was started
with the goal of providing custom footwear
for people whose foot issues were forcing
them to compromise on fit—and, therefore,
on comfort.

In 2004, Bill’s daughter, Meredith
Crary Johanson, CPed, joined Crary Shoes
as vice president, and two years later re-
ceived her pedorthics certification. Adding
pedorthics to the company’s long history
of shoemaking has provided valuable ver-
satility, Johanson said. 

“We’re coming at it from both angles,”
she said. “We really understand true shoe-
making as well as pedorthics, which allows
us to service our clients in the best way
possible. And that’s what makes us suc-
cessful.”

Most of their clients are patients with
diabetes, but Crary Shoes also provides
footwear for people with diseases includ-

land shares walls with the shoe factory,
making for a seamless workflow.

A variety of other shoe companies
also call Portland home, creating a network
from which to stay updated about new ma-
terials. The local emphasis on sustainability
also has been very significant; for example,
Crary Shoes now uses recycled wax in its
custom foot orthoses, and vegetable-
tanned leather for linings. Crary Shoes also
had another company create an insole
made of recycled plastic bottles. 

“Companies in Portland focus on sus-
tainability, and we try to implement that
where we can,” Johanson said.

Though the company plans to remain
in Portland, it has clients from New York to
Hawaii, and the wholesale business is ex-
panding. Providers across the country can
take casts and measurements and send
them to Crary Shoes, where the last will be
made.

“We are the problem solvers. If a pa-
tient’s just had surgery or is unable to have
surgery, send them here, and we will find
a solution that will get them back on their
feet,” Johanson said. “We are the nonsur-
gical solution to people’s foot problems,
and that’s my favorite part about my job. I
love getting patients back to the life that
they want to live. Our whole mindset is all
about solving these problems.”

Samantha Rosenblum is a freelance writer

based in Boston. 









Importance of intrinsic
muscles for foot health

A growing body of research suggests the
strength of small muscles in the foot can
have big implications for a range of foot-
health issues—including running-related
injuries, diabetic neuropathy, obesity, flat-
foot, and plantar fasciitis—and that inter-
ventions for strengthening the intrinsics
may help.

By Barbara Boughton

The foot’s intrinsic muscles—once overlooked by most practitioners
and researchers—have begun to attract attention. Recent studies sug-
gest that strong intrinsic foot muscles help maintain the foot’s health,
and intrinsic weakness may also contribute to painful foot conditions. 

But can strengthening intrinsic foot muscles actually help pre-
vent foot conditions, or slow symptom progression? In the past few
years, research has begun to delve into this question.

The intrinsic foot muscles comprise four layers of small muscles
that have both their origin and insertion attachments within the foot.
They include the abductor halluces, the flexor digitorum brevis, the
abductor digiti minimi, and the quadratus plantae. Most are located
on the inferior part of the foot and primarily stabilize the arch.1-3

The deterioration of intrinsic foot muscles may play an impor-
tant role in foot conditions as diverse as plantar fasciitis, flatfoot, and
diabetic foot deformity, according to recent research. Researchers
are also studying the ways in which foot exercises may strengthen
the intrinsic foot muscles in patients with flatfoot and diabetes. Sci-
entists and clinicians are even researching the ways in which bare-
foot running or running in minimalist shoes may strengthen the
intrinsic muscles of the foot, and help prevent running-related pain
and injury.

Diabetic neuropathy
Recent studies have documented that patients with diabetic periph-
eral neuropathy have weak intrinsic foot muscles and intrinsic foot
muscles characterized by an infiltration of adipose tissue.4,5 This adi-
pose tissue infiltration and intrinsic muscle weakness, along with
limited ankle dorsiflexion mobility, may result in metatarso -
phalangeal (MTP) joint hyperextension movement patterns during
active ankle dorsiflexion in patients with diabetes. Continuous rep-
etitions of these movement patterns may then lead to MTP joint de-
formity, and eventually increased risk for ulceration.4,5

“As researchers, we are trying to look at the physiological
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In addition to exercises like doming and toe
squeezing, some experts recommend
running barefoot or in minimalist shoes to
strengthen the intrinsic foot muscles.

Istockphoto.com #18988717



processes upstream of amputation, including foot deformities, in
order to reduce the incidence of amputation. We’ve found that
weakness of intrinsic muscles paired with infiltration of adipose tis-
sue under the fascia can lead to decreased strength and impaired
foot function, helping to set the foundation for ulceration,” said Vin-
cent Cheuy, PhD, a postdoctoral research fellow in the physical ther-
apy program at the University of Colorado Denver.

In a 2013 study,4 Cheuy and colleagues found that 23 patients
with diabetic neuropathy had more deterioration and more adipose
tissue in their intrinsic foot muscles on magnetic resonance imaging
(MRI) scans than 12 age-matched controls. The neuropathic individ-
uals, in fact, had severe intrinsic foot muscle deterioration with a
ratio of adipose tissue to lean muscle volume that was five times
higher than the controls. Those with the greatest intrinsic muscle
deterioration—and the highest ratio of adipose tissue to lean muscle
volume—were also more likely to have MTP joint angle deformity. 

Diabetes creates a high glucose environment that not only re-
sults in peripheral neuropathy, but also causes adipose stem cells
to differentiate into adipose cells, which migrate into muscle tissue,
according to several studies.6,7

In a larger 2015 study of 34 patients with diabetic neuropathy,
Cheuy and colleagues also found that intrinsic foot muscle deterio-
ration (measured in terms of total forefoot lean muscle volume) and
maximum ankle dorsiflexion were correlated with severity of MTP
joint deformity.5 Intrinsic foot muscle deterioration and limited ankle
mobility may be the primary contributors to the development of MTP
joint deformity, the researchers concluded in their paper.

Although exercises have been developed to build strength in
intrinsic foot muscles, it’s not yet known how well patients with 

Continued from page 15
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diabetic neuropathy will respond to such interventions, according
to Cheuy and other researchers. 

“Can these exercises slow, stop, or prevent muscle weakness and
adipose tissue infiltration? It may depend on the severity of the dia-
betic neuropathy and intrinsic foot muscle weakness,” Cheuy said.

A new National Institutes of Health-funded study, however, aims
to test whether foot strengthening exercises will strengthen intrinsic
foot muscles and build up muscle volume in patients with diabetic
neuropathy. Participants will be randomized to a foot-specific exer-
cise intervention or a shoulder-specific exercise intervention, since
many patients with diabetes also have shoulder dysfunction, said
lead researcher Mary Hastings, PT, DPT, associate professor in the
program in physical therapy at the Washington University School of
Medicine in St. Louis, MO.

Both groups will participate in the exercise program for six
months. In the foot-specific exercise group, patients will be taught
how to sense the arch of their foot and perform foot shortening (or
doming) exercises. Then the foot muscles will be loaded with up to
half their body weight, and the patients will practice foot shortening
exercises and exercises such as heel raises. Patients will be followed
for three years during and after the intervention, she added. 

“As well as measuring changes in muscle volume, we’ll be as-
sessing changes in foot function as a response to the exercises,”
Hastings said. 

Other patient populations
Recent studies also suggest that weakness in intrinsic foot muscles
negatively affects other patient populations, such as those who are
overweight and obese, or have conditions such as plantar fasciitis. 

In a 2015 study of 312 Australian men and women aged between



60 and 90 years, researchers found foot pain was significantly in-
creased in overweight (body mass index [BMI] between 25 and 30
kg/m2) and obese (BMI > 30 kg/m2) patients older than 60 years,
and these patients were also more likely than their normal-weight
counterparts to exhibit diminished foot strength.8 The researchers
assessed musculoskeletal foot structure using a 3D foot scanner,
and recorded maximum isometric dorsiflexion strength, hallux
strength, and lesser toe flexor strength using pressure platforms.

In the study, obese patients also had significantly reduced
flexor strength of the hallux and lesser toes compared with over-
weight and normal-weight participants. The decreased muscle
strength and the increased plantar pressures in obese patients were
the most crucial determinants of foot pain, the researchers con-
cluded in their paper.  

“My current research is focused on exercises to strengthen the
foot muscles, and I certainly advocate that individuals with weak foot
muscles may benefit from doing foot strengthening exercises,” said
lead researcher Karen Mickle, PhD, a postdoctoral research fellow at
the Institute of Sport, Exercise & Active Living at Victoria University in
Melbourne, Australia.  “However, it is difficult to say that obese people
would see greater benefit [than normal-weight patients].”  

Recent studies have also reported that patients with flatfoot and
chronic plantar fasciitis demonstrate atrophy of the intrinsic foot mus-
cles. A 2015 study,9 for instance, found that runners with chronic plan-
tar fasciitis had smaller intrinsic rearfoot muscle volume than healthy
runners, although the sample size was small. Forefoot muscle volume
was also smaller in the runners with plantar fasciitis, although this dif-
ference did not reach statistical significance. The results “suggest that
atrophy of intrinsic foot muscles may be associated with symptoms
of plantar fasciitis in runners,” possibly by destabilizing the medial 

longitudinal arch, the researchers wrote. The findings may have im-
plications for the design of clinical rehabilitation strategies to help ad-
dress chronic plantar fasciitis symptoms by strengthening the intrinsic
foot muscles, the scientists concluded.

Strengthening interventions
Yet researchers are only starting to test the efficacy of exercises
that strengthen the foot’s intrinsic muscles for alleviating conditions
such as plantar fasciitis and flatfoot. In one recent study,10 18 pa-
tients with pronation (more than 10 mm based on the navicular
drop test) were randomized to perform exercises to strengthen the
abductor halluces (with toe spread exercises11) or the toe spread
exercises plus exercises to strengthen gluteus maximus muscles.
The participants performed the exercises five times per week for
four weeks. All showed significant improvement in the height of nav-
icular drop at the end of the study, though those who performed
both types of exercises showed greater improvement.

Toe spreads and squeezes are aimed at strengthening specific
intrinsic foot muscles—the dorsal and plantar interrosei, according
to Irene S. Davis, PhD, PT, director of the Spaulding National Running
Center and a professor in the Department of Physical Medicine and
Rehabilitation at Harvard Medical School in Boston. Doming or foot
shortening exercises contract most of the muscles on the plantar side
of the foot, and help to strengthen the abductor hallucis muscle.11

In addition to exercises such as doming (foot shortening), toe
spreading, and toe squeezing, some researchers recommend bare-
foot running or running in minimalist shoes as a way to strengthen
the intrinsic muscles of the foot. 

Continued on page 18
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“When you run in minimalist shoes—that is, shoes with no cush-
ioning and no arch support—you increase the demands on muscles
of the foot, and these muscles strengthen. With stronger arch muscles,
there is less stretch on the foot. This provides some protection from
plantar fasciitis. Minimal shoes also promote landing on the ball of the
foot rather than the heel, which increases the demand on the arch
muscles, providing the potential for further strengthening,” Davis said.

In a study just epublished in May,12 Davis and colleagues found
a significant increase in foot muscle volume—forefoot muscles in
particular—in 20 habitually shod runners who completed a six-
month transition to minimalist footwear. Similar increases were not
seen in a group of 18 controls who completed the same training
program while continuing to wear conventional running shoes. 

The findings are consistent with those of a 2016 study,13 in
which researchers compared intrinsic foot muscle size in runners
who were randomly assigned to use minimalist or traditional running
shoes over 10 weeks. At the end of the study, the group who wore
the minimalist shoes increased their abductor hallucis cross-sec-
tional area by 10.6% more, compared with baseline, than the con-
trol group—a statistically significant difference. Although other
muscles were examined in the study, there were no significant
changes in muscle size when the intervention and control group
were compared, according to the researchers. 

Since barefoot and minimalist shoe running may improve in-
trinsic foot muscle strength, switching from conventional running
shoes may help prevent the development of conditions such as
plantar fasciitis and flatfoot, Davis said. 

“Forefoot landings are safer, gentler landings, and the forces
your body experiences are much more gradual,” she said. “As a re-

sult there may be less potential for injury. However, it is important
to properly prepare the foot and ankle for the greater demands
placed on the muscles by adding a strengthening program and pro-
gressing gradually.”

In a large population-based 1992 study on 2300 schoolchild-
ren in rural India,14 researchers assessed the incidence of flatfoot
among children who predominantly wore shoes and those who
went barefoot. The children who wore shoes had a significantly
higher prevalence of flatfoot (8.6%) than those who did not wear
shoes (2.8%). Flatfoot was most common in those who wore closed-
toed shoes, less common in those who wore sandals or slippers,
and least common in children who went barefoot.

Transition with caution
But clinicians should be cautious when extrapolating such findings,
experts say. 

“The study associated absence of footwear with the development
of an arch. At the same time, there have been no randomized con-
trolled studies yet that indicate that barefoot running can heal any pre-
existing foot conditions,” said Patricia Pande, MClScPT, CSCS, CPed, a
physical therapist, pedorthist, and strength and conditioning specialist
based in Durham, NC. She is the founder of FootCentric, an online
continuing education company dedicated to foot treatment. 

Still, even researchers and clinicians who extol the benefits of
barefoot running say that caution should be used when advising pa-
tients with foot conditions to use barefoot running.  

“Minimalist running can be done by people with foot problems,
especially if they have metatarsalgia or other forefoot conditions,”
Pande said. “The caveat is that one style of shoe or one style of run-
ning is not best for all. People who wish to run in minimalist shoes

Continued from page 17
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should have an assessment of their dynamic and static balance with
and without the shoes, as well as any areas of wear and erythema
while wearing these shoes.”

It’s also important to transition to barefoot running gradually to
prevent injury, Pande said. 

At least one study has documented that patients who transition
to minimalist running shoes over 10 weeks can sustain foot bone
marrow edema—a sign of potential stress injury—as well as stress
fractures.15 In the 2013 study, 36 recreational runners were random-
ized to transition to minimalist running shoes over 10 weeks or to
continue to run in conventional running shoes. MRI images were
taken before and after the 10-week period. More runners in the
minimalist shoe group had increases in bone marrow edema than
in the control group. In the minimalist shoe group, three of 19 run-
ners also sustained stress fractures, while no fractures were seen
in the 17 runners who continued to use conventional shoes.

In the 2016 study mentioned earlier, the same group also
found runners who developed bone marrow edema during the tran-
sition to minimalist shoes had significantly smaller muscle cross-
sectional area at baseline than those who did not develop edema;
this was the case for all of the intrinsic muscles that were assessed.13

This suggests runners with particularly weak intrinsic foot muscles
may benefit from low-impact strengthening exercises before under-
taking a transition to barefoot or minimalist running.

The risk of injury when transitioning to minimalist shoes can
also be reduced by transitioning in an organized fashion over an ex-
tended time. Runners should take two to three months or more to
transition to minimalist shoes, said Jean-Francois Esculier, MSc, PT,
vice-president and director of research and development for the
Running Clinic, an online continuing medical education site dedi-

cated to prevention of running injuries, and a PhD candidate at Laval
University in Quebec, Canada.

“The safest way to transition is to use minimalist shoes for a
portion of every training,” Esculier said. 

A runner may start out by wearing minimalist shoes for only a
few minutes during a 60-minute training session and conventional
shoes the rest of the time. The minutes spent in minimalist shoes
should gradually be increased by a few minutes each session, until
the runner is using minimalist shoes for the entire session, he said.

As well as wearing minimalist shoes, Esculier recommends that
runners should do exercises that build the strength of the intrinsic
foot muscles to improve their performance. Some of the exercises
he recommends include toe flexor exercises or jumping rope in
minimalist shoes, an exercise that should be incorporated gradually
into a workout. The runner can then progress to strengthening the
intrinsic foot muscles with foot shortening exercises performed
while hopping on one foot or from foot to foot, he said. 

However, the implementation of such exercises as well as the
choice of whether or not to wear minimalist shoes should be indi-
vidualized to each runner and/or patient, Esculier said. 

“I do recommend minimalist shoes for patients with foot con-
ditions such as those with plantar fasciitis,” he said. “But my recom-
mendations often depend on the severity of the patient’s foot
condition. And the golden rule should always to be to listen to your
body—if an exercise or type of shoe is causing pain, then it’s time
to pause or even stop.”  

Barbara Boughton is a freelance writer based in the San Francisco
Bay Area.

References are available at lermagazine.com.
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Foot-care products featuring nanotech
materials can be expensive, but experts say
the price points should come down as the
technology gains more market traction.

Silver fibers and other examples of nano -
technology are increasingly turning up in
shoes, socks, and orthotic topcovers in an
effort to control odors, reduce the risk of in-
fection, and improve foot health by making
these devices moisture wicking, breath-
able, antifungal, and/or antibacterial.

By Shalmali Pal

The idea of nanotechnology is more likely to conjure up images of
semiconductors, solar panels, and circuit boards than sweaty feet,
athlete’s foot, onychomycosis, and foot odors. But nanotechnology,
or the ability to see and to control individual atoms and molecules,
has become more prevalent in devices that claim to help manage
all of these foot conditions and more.

More than 1600 products are currently manufactured with
nanocomponents, and apparel, including footwear, ranks high on
that list, according to the Consumer Products Inventory.1 Nanotech-
nology turns up in shoes, socks, and orthotic topcovers, and can
help make these devices moisture wicking, breathable, antifungal,
antibacterial—and, of course, odor busting.  

“If we can keep the foot in a healthy environment, we’ll mini-
mize the chance for something to go seriously wrong with the foot.
Regardless of whether a person has a particular disease, a general
goal of everyone would be to keep the feet cool and dry,” said
Robert P. Thompson, CPed, executive director of the Institute for
Preventive Foot Health (IPFH).

Nanotechnology 101
How does nanotechnology work? It fulfills the “less is more” dictum,
explained Michael Meador, PhD, director of the National Nanotech-
nology Coordination Office, which oversees the National Nanotech-
nology Initiative (NNI), in Washington DC. 

“Once you get down to a scale on the order of one-hundred
nanometers or less—one billionth of a meter; a single strand of
human hair is about eighty-thousand nanometers wide—conven-
tional physics tend to break down and you give rise to new phe-
nomena,” Meador explained. “The push over the past fifteen-plus
years in the NNI has been to understand the mechanisms behind
these phenomena. Then, we want to figure out how can we control
and exploit those mechanisms to create new materials or devices.”

Two of the most common ways to “control” these phenomena
are nanoparticles and nanofibers, both of which are used in

Materials science targets
foot odors and microbes
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footwear. Nanoparticles have a very high surface area and a high
aspect ratio—or the length/diameter of the nanoparticle—that makes
objects very reactive.  

“These two properties mean that, if you add nanoparticles to
another material, you can improve the durability of that material and
increase the wear resistance,” Meador said. 

Nanoparticles are often deposited, sprayed, or used as a coat-
ing on another material, such as the topcover for an orthosis; they
can also be applied to a fiber or blended into the raw material used
to make fibers. 

Nanofibers, on the other hand, are “built in” to a textile or fabric.
The most common way to produce nanofibers is through a process
called electrospinning. 

“It basically involves taking a solution of a plastic in a certain
carrier solvent. The solution is then passed through a needle that’s
charged with a high electric field,” Meador said. “What happens is
that you build up charge in this droplet of plastic solution to the
point where the large droplet breaks up into very small droplets.
These droplets can then be incorporated into the surface of a non-
woven fabric.” 

In footwear, either nanofibers or nanoparticles are engineered
into a material to achieve breathability or moisture wicking.

The data seems to bear out that these products get the job
done, at least in the case of diminishing bacteria in the foot envi-
ronment. A 2013 study2 done at the Shoe Design and Development
Centre in Chennai, India, tested insoles/footbeds with porous vis-
coelastic polyurethane sheets, which were modified using hy-
drophilic polymers, coated with silver sulfadiazine as an antibacterial
agent, and placed in athletic shoes that were treated with bacteria.
The hydrophilic polymers took in the moisture from foot sweat and
released the silver; the researchers documented interaction be-
tween the silver and bacteria in the foot sweat, such as

Pseudomonas and Staphylococci, both of which have been linked
to diabetic foot infections.2,3

Another study looked at how copper oxide fared as an anti -
microbial and antifungal agent for battling tinea pedis. The copper-
oxide impregnated fibers were woven into socks, which were worn
by 56 patients with diagnosed tinea pedis. In the nine-day average
follow-up, all 56 showed improvement or resolution of erythema,
fissuring, vesicular eruptions, scaling, and burning and itching. The
results held firm at around 40 days of follow-up for all of the same
symptoms.4

Less is known about moisture-wicking materials and foot health.
In a general sense, wicking fabrics, which are often a blend of syn-
thetic and natural materials treated with nanoparticles, pull perspi-
ration away from the skin and push it through the material’s surface,
where it evaporates.

Studies of ostensibly moisture-wicking fabrics have reached
conflicting conclusions.5,6 And lower extremity experts also have
given mixed reviews to these nanotechnology devices. 

For instance, the American Podiatric Medical Association sug-
gests wearing “wicking socks made of natural or acrylic fiber blends
that draw the moisture away from your feet instead of trapping it.
Some synthetic blends are designed to wick moisture away from
the skin and work best to keep the feet dry.”7 But an article in Or-
thopaedic Knowledge Online Journal was more tepid in its assess-
ment, noting that “for hyperhidrosis, ventilated footwear, insoles, and
topical aluminum chloride hexahydrate have been used with vari-
able success. Malodor...usually responds to antimicrobial agents.”8

Nanotech in practice
The lower extremity practitioners who spoke with LER: Foot Health
also offered mixed reviews on these technologies.

The IPFH’s Thompson, for one, is a fan.
“If we can keep the foot in a healthy environment, we’ll mini-

mize the chance for something to go seriously wrong with the foot.
Regardless of whether a person has a particular disease, a general
goal of everyone would be to keep the feet cool and dry,” Thomp-
son said. (Disclosure: IPFH was founded by a company that manu-
factures nanotech footwear.) 

Although Thompson has retired from practice, he said one of
his preferred devices when he actively saw patients was a spongy,
silver-embedded topcover for orthoses. 

“It was an all-purpose device in that it absorbed moisture, ab-
sorbed odors, and was antimicrobial,” he explained. 

But Thompson didn’t stop there; he said he found nanotech
devices were most successful when used as part of a system, such
as a pair of moisture-wicking socks along with a silver-embedded
orthotic topcover. 

“My goal was to try to take away any opportunity for the foot to
be in distress. By keeping the bacteria count down, we took away
the opportunity for athlete’s foot or toenail fungus,” he said. “By
adding the moisture-wicking socks, we minimized the environment
where the foot was going to get damp and wet, which is what you’d
see with a one-hundred percent cotton sock.”

Of course, one of the primary questions Thompson said he
heard from patients was “Does this product cost more?” And, not
surprisingly, the answer was “yes.” In today’s market, a pair of mois-
ture-wicking socks can cost $10, which could buy a 10-pack of sim-
ple all-cotton socks.

George Trachtenberg, DPM, a podiatrist based in Vestal, NY,
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said he takes time to educate patients that nanotech devices are
an investment in their overall foot health.

“It’s a matter of explaining to the patient what the benefits are,”
Trachtenberg said. “There may be more dollars spent upfront on
[nanotech footwear], but in the long run, there’s a value to these
products.”

And the price point on nanotech products should come down
as the technology gains more market traction, Meador suggested. 

“Silver is a precious metal, but there isn’t a lot of it used in a pair
of socks,” he said. “As manufacturers scale up the production of these
fabrics, I think you’ll see a corresponding drop in price, and then con-
sumers should see a benefit in lower cost in the end products.”

Trachtenberg said a good portion of his practice is dedicated
to laser-based procedures to treat toenail fungus, which is what at-
tracted him to nanotech devices to control the environment around
the foot. Anecdotally, Trachtenberg said, patients who undergo treat-
ment for onychomycosis, but don’t use a nanotech-based system
for foot health maintenance, are at a much higher risk of recurrence
than those who do, even if they are diligent about changing out stan-
dard shoes and socks.

His preference is for moisture-wicking socks embedded with
copper, bamboo, or charcoal nanofibers.9,10

Like Thompson, Trachtenberg has an affinity for system-based
nanotech utilization. He said he views the shoe as a container, so
“the antimicrobial top cover on the orthoses is only going to address
one aspect of that container. If you add wicking socks, you’re con-
trolling more of the environment in that container.”

He recommends taking it one step further by using sanitizing
products, such as nanosilver sprays and ultraviolet light-based san-
itizing products. 

“A shoe will absorb up to eight to ten ounces of perspiration a
day, and it takes twenty four hours for the shoe to dry out,” Tracht-
enberg said. “So you can change the shoes frequently, but you are
still putting on a shoe that houses that bacteria, fungi, or viruses. If
you spray the shoe with a nanosilver, and let it go from a mist to dry
without wiping it out, that will kill a lot of those microbes.”

Expressing some caution about nanotech devices was Andrea
Coda, PhD, a lecturer in podiatry at the University of Newcastle in
Ourimbah, Australia. In his estimation, these products aren’t com-
monly used by private practice podiatrists in Australia, though he
did deem that as “unfortunate, because I think this technology could
be of benefit to podiatrists and their patients with specific podiatric
issues.”

One reason these devices aren’t more popular in his commu-
nity may be a perceived lack of evidence to back their widespread
use, Coda said. Another consideration is whether the devices that
are embedded with antibacterial metals—silver, copper, titanium—
may cause an allergic reaction. 

A 2010 review article11 reported that silver compounds used
for their antimicrobial properties in wound care can cause contact
dermatitis, albeit infrequently. “It is possible that more cases have
been missed simply because silver is not commonly considered to
be an allergen,” the review authors noted. 

While there have also been some reports of allergic reactions
to silver sulphadiazine when used for burn therapy, or to copper
found in dental products and birth control devices,12-14 reports on
footwear are less easy to come by.

Coda acknowledged that he’s not aware of any contraindica-
tions to the use of antimicrobial or antifungal devices in foot care

patients, but practitioners should keep in mind the potential for al-
lergic reactions “before we permanently fix an antimicrobial top
layer with silver or copper in it to the orthoses.” He advocated asking
patients or their caregivers to look for typical signs for allergies—
rashes, swelling, redness, itchiness, sudden onset of pain—for at
least a week after receiving a device.

Coda also pointed out that the devices can be tailored. In a pa-
tient with a recently healed ulcer under the first metatarsal head,
for example, rather than using a full antibacterial topcover on that
patient’s orthosis, he might just use the antibacterial material on the
designated area to reduce the risk of any negative interactions on
the rest of the foot.

But, if such a patient wanted to purchase moisture-wicking
socks with an antibacterial agent from their local sporting goods
store, Coda said, he wouldn’t necessarily bar them from doing that.

“Once a patient has been through the hassle of caring for a
long-standing ulcer, then he should be encouraged to adopt any
small measure to avoid recurrence and promote self-management,”
he said.

Lasting effects
Adding nanoparticles to materials can improve their durability and
increase the wear resistance without requiring any more care than
traditional fabrics or apparel, Meador said.

“You don’t need to do anything special to any of the nanofab-
rics, above and beyond what you’d do with normal fabrics,” Meador
said. “A lot of these nanofabrics are being using in sports apparel,
so I think the idea is to make them ‘wash and wear’—very user
friendly.”

Meador did note that, with washing over time, some of anti -
microbial nanoparticles will be removed, but not enough to render
the device inactive. Nanotech devices also shouldn’t require addi-
tional sterilization, he said.

The clinicians LER: Foot Health spoke with were a bit more tem-
pered in their assessment of the devices’ durability.

Thompson cautioned that any orthotic topcover is bound to
wear out with use, nanotech or otherwise. Depending on the
durometer of the material, he estimated that a topcover could go
from a quarter-inch thick to flat in around three months. However,
he stressed that this wear will depend on how often the orthoses
are used and how well they are cared for.

“These [nanotech] topcoats tended to wear and compress
under the bony prominences of the feet, but it was no different than
any other topping material in terms of the rate of compression,”
Thompson said. 

Trachtenberg noted that he has patients who have worn a pair
of nanotech socks for up to a year with regular washing without a
recurrence of their onychomycosis. 

“So I tend to believe that the socks will maintain their [nanotech]
properties,” he said. “But I also suspect that the socks will wear out—
get holes, wear at the heels—and will need to be replaced before
they experience a change in properties because of washing.”

Coda said he would still urge patients—whether they use nan-
otechnology-based devices or not—to follow the basics of foot care:
cleaning, swapping out footwear regularly, drying between the toes,
and checking for any obvious signs of a change in foot health.  

Shalmali Pal is a freelance writer based in Tucson, AZ.  

References are available at lermagazine.com.
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