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Guest Perspective

Socks Matter!

BY ROBERT WEIL, DPM

A better understanding of pedal
biomechanics combines with
textile science and evolving
manufacturing techniques

to take this humble piece of
clothing to the next level.

I've been doing my radio show, The Sports
Doctor, for 40 years now and we've covered

a lot of topics in that time. Ankle sprains,
parenting young athletes, cleat placement, new
shoe designs, bunions, all the usual stuff...but
there’s something new in the air. Lately we've
been discussing, believe it or not, socks! Socks
are essential to sports as well as everyday ac-
tivities, especially for those who spend all day
on their feet. They provide comfort, support,
and protection for feet during physical activi-
ties, and also play a role in expressing personal
style and fashion preferences. | remember
growing up the blandness of getting socks as a
present — how boring! Now colors and designs
can make socks great fun! I Love my Cheech &
Chong socks!

But seriously, today, this humble piece of
clothing is suddenly all the rage in both fashion
and athletics with wild colors, different styles
and heights, varying degrees of compression
measures, different fiber sources, odor-blocking
abilities, even sunscreen and copper. Heck, a
single sock even played a critical role in the
Harry Potter series, freeing the enslaved house
elf Dobby from the evil Malfoys. Socks are
definitely no longer boring!

It’s a little funny, given all that we have
today, but I can remember a time in the sports
world where there was a lack of real attention
to our socks. Shoes we paid attention to, but
socks? Not so much. But the truth is, the right

pair of socks can make a significant difference
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in your overall comfort and performance,
whether you're hitting the field, going about
your day, or spending significant time on your
feet. And entrepreneurs have picked up the
challenge using cutting edge technologies.

There is a wide range of innovation in
sockware and these 2 manufacturers show
some of that breadth:

Hurdle Apparel, founded in 2020, took
on the task of right vs left. That’s right, their
matrix technology designs socks that conform
to the direction of the foot, so they have a right
sock, to be used on the right foot, and a left
sock, to be used on the left...and no, you really
shouldn’t swap them. Each sock follows the
form of the foot its intended for, allowing for
better arch support placement and cushioning
as required for the ball of the foot. Co-founder
Tosha Hays drew inspiration from her back-
ground in fabric technology at Massachusetts
Institute of Technology. Hurdle Apparel owns
its own manufacturing technology, and the
items are designed collaboratively by high-tech
engineers, footwear designers, and athletes.

OS1st (short for Our Socks, Sleeves,

Service First) has focused on compression
bracing bringing together 3 generations in one
family business. They started by addressing
the compression needs of those suffering from
plantar fasciitis and bunions, and grew to
expand their offering for serious runners, then
tackled diabetic and comfort foot care with
nano-bamboo charcoal, seamless, non-binding,
cushioned socks for sensitive feet, and their
offerings have grown to address additional
lower extremity compression. And their Pickle-
ball Sock, which is designed to protect against
impact and prevent blisters, is the official sock
of Major League Pickleball! (See what [ wrote
about this fast-paced sport in “Pickleball’s

Fast Growth and Game Pace Present Clinical
Challenge” in the April 2024 issue of Lower
Extremity Review.)

Today’s sock manufacturers — and there
are many — are paying attention to arch sup-
port in socks not just for sports/athletics, but
also for everyday use. Multiple manufacturers
are using multi-grade fabric technology to de-
liver socks that will fit in athletic shoes as well

Continued on page 13
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as dress shoes and still provide much needed
support, motion & friction control, and shock
absorption. As with everyday socks, attention
needs to be paid to moisture, odor control,
and limited bulk. High-tech fabric technology
combines all these key components in thinner
materials and creates socks in a variety of
lengths and widths: no-shows, ankle, quarter
crew, crew, calf-height, knee high, wide calf, no
elastic bands...the list seems almost endless.
The best socks for running and sports are
specifically designed to provide comfort, sup-
port, friction reduction, and moisture wicking

properties.

® Look for socks with cushioning & shock
absorbing technology in ball of foot and
heel.

® Look for seamless toe closures to prevent
chafing & blisters, and moisture wicking
technology to keep feet dry. Often synthetic

materials play a part with wetness control.

® Socks with variable compression levels
can enhance arch support, stimulate

circulation, and reduce muscle fatigue.

e Always choose socks that fit well,

complement your sports or work shoes
to prevent blisters and ensure optimal

performance. Change them at least daily.

e Look for socks with more options in fit
than small, medium and large—you'll get

a better fit.

In today’s reality, socks are a form of
personal protective equipment (PPE) as they are
essential to sports as well as everyday activities,
particularly for those who spend all day on
their feet or those with chronic conditions such
as diabetes. Socks provide support for arches,
ankles, and blood flow; comfort from the friction
of chafing inside even the best-fitting shoe; and
protection from the elements—both inside and
outside the shoe.

Any way you look at it, socks matter!

Robert A. Weil is a sports podiatrist in private
practice in Lisle, Illinois. He hosts “The Sports
Doctor;” a live weekly radio show on bbsradio.com,
or you can visit his website, thesportsdoctorradio.
com. His book, #HeySportsParents written with
Sharkie Zartman, is available on Amazon.com.
Dr. Weil was inducted into the prestigious Nation-
al Fitness Hall of Fame in April 2019. Find him at

thesportsdoctorradio.com.
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MATERNAL BRAIN HORMONE
STRENGTHENS BONES, COULD TREAT
OSTEOPOROSIS, BONE FRACTURES

Credit: Donny Bliss/NIH

More than 200 million people around the world have osteoporosis, and
women are at especially high risk after menopause due to declining levels
of the hormone estrogen, which helps keep bones strong. While osteopo-
rosis rarely has noticeable symptoms, it can lead to serious injuries when
otherwise minor falls cause broken bones that lead to further fracture risk
and fracture-related mortality. Now, a new research from the National Insti-
tutes of Health’s National Institute on Aging suggests a surprising candidate
for strengthening bones: a maternal hormone produced in the brain.

The study in mice reported in the journal Nature shows that this new-
ly discovered hormone maintains and rebuilds bone strength in lactating
females, even as estrogen levels dip and calcium is lost to the demands
of milk production. The findings suggest this hormone — or a drug that
acts similarly — could be key to treating osteoporosis and preventing and
healing broken bones.

The findings' come from a team led by Holly Ingraham, PhD, Uni-
versity of California, San Francisco. The researchers knew from studies in
mice and humans that a protein related to the parathyroid hormone, which
is made in the mammary glands, is the main driver for stripping calcium
from maternal bones for milk production. As a result of this process, nurs-
ing mothers tend to lose a lot of bone. In humans, this bone loss is 10%
on average, compared to nearly 30% in mice. Fortunately, these losses are
reversed after lactation ends, suggesting to the researchers there must be
some other bone-strengthening factor in play.

Previous NIH-supported work? in Ingraham’s lab offered other
clues. That research team found that in female mice, blocking a certain
estrogen receptor in select neurons in a small area of the brain led to the
development of bones that were exceptionally dense and strong. This was
an early hint that an unidentified hormone might have a role. The team’s

search in this most recent study led them to brain-derived communica-

tion network factor3 (CCN3).

The new findings showed that, in lactating female mice, CCN3 is
produced in the same brain area identified in the previous study. When the
researchers prevented the brain from making CCN3, lactating female mice
rapidly lost bone. The researchers also found that male and female young
adult and older mice gained a considerable amount of bone mass and
strength when their levels of circulating CCN3 were boosted over a 2-week
period. In fact, in some female mice that were very old or completely lacked
estrogen, the hormone more than doubled their bone mass. Tests showed
that the animals’ bones weren't just denser, but also stronger.

Further studies conducted by co-author Thomas Ambrosi, PhD, Uni-
versity of California, Davis, revealed that bone stem cells were responsible
for receiving signals and generating the new bone. When those cells were
exposed to CCN3, they ramped up bone production even more. When the
researchers applied a hydrogel patch containing CCN3 to the sites of bone
breaks, this spurred the formation of new bone. As a result, the researchers
saw rapid bone healing in older mice comparable to what would be expect-
ed in much younger mice.

In future studies, the researchers want to gain insight into the under-
lying mechanisms of CCN3. They also plan to explore the hormone’s poten-
tial for treating bone loss in people at increased risk, including postmeno-
pausal women, breast cancer survivors taking estrogen blockers, and those
with other conditions leading to unhealthy bone mass, such as genetic bone
disorders, chronic kidney disease, or premature ovarian failure. They sug-
gest that more immediate local uses for CCN3 include fracture repair, car-
tilage regeneration, and bone improvements for anchoring dental implants.
It’s a great example of how finding an answer to a scientific puzzle — like
how maternal bones stay strong during breastfeeding — can potentially

lead to advances that help many more people.

Sources: 1) Babey ME, Krause WC, Chen K, et al. A maternal brain hor-
mone that builds bone. Nature. 2024 Aug;632(8024):357-365. doi: 10.1038/
s41586-024-07634-3. 2) Herber CB, Krause WC, Wang L, et al. Estrogen
signaling in arcuate Kissl neurons suppresses a sex-dependent female circuit
promoting dense strong bones. Nat Commun. 2019;10(1):163. doi: 10.1038/
s41467-018-08046-4.

NEW STUDY: MS APPEARS TO PROTECT
AGAINST ALZHEIMER'’S

People with multiple sclerosis (MS) are far less likely than those without
the condition to have the molecular hallmarks of Alzheimer’s disease
(AD), according to new research from Washington University School of

Medicine in St. Louis.

Continued on page 16
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The discovery suggests a new avenue of research through which to
seek Alzheimer’s treatments, said Matthew Brier, MD PhD, an assistant
professor of neurology and radiology and the study’s first author.

“Our findings imply that some component of the biology of MS,
or the genetics of MS patients, is protective against Alzheimer’s,” Brier
said in a press release. “If we could identify what aspect is protective and
apply it in a controlled way, that could inform therapeutic strategies for
Alzheimer’s.”

The study, an example of clinical observations directly impacting
research, was published in the Annals of Neurology.!

A collaboration between WashU Medicine experts in Alzheimer’s and
MS, the study was prompted by a suspicion Brier's mentor and collaborator
Anne Cross, MD, had developed over decades of treating patients with MS.
Although her patients were living long enough to be at risk of Alzheimer’s
or had a family history, they weren’t developing the disease.

“I noticed that I couldn’t find a single MS patient of mine who had
typical Alzheimer’s disease,” said Cross, the Manny and Rosalyn Rosen-
thal and Dr. John Trotter MS Center Chair in Neuroimmunology. “If they
had cognitive problems, [ would send them to the memory and aging
specialists for an Alzheimer’s assessment, and those doctors would always
tell me, ‘No, this is not due to Alzheimer’s disease.”

Cognitive impairment caused by MS can be confused with symp-
toms of Alzheimer’s disease; Alzheimer’s can be confirmed with blood
and other biological tests.

To confirm Cross’ observation, the research team used a new,
FDA-approved blood test that was developed by Washington University
researchers. Known as PrecivityAD2, the blood test is highly effective at
predicting the presence of amyloid plaques in the brain, an indicator of
AD that previously only could be verified with brain scans or spinal taps.

Brier, Cross, and their colleagues recruited 100 patients with MS to
take the blood test, 11 of whom also underwent PET scans. Their results
were compared with the results from a control group of 300 individuals
who did not have MS but were similar to those with MS in age, genetic

risk for Alzheimer, and cognitive decline.

“We found that 50% fewer MS patients had amyloid pathology
compared to their matched peers based on this blood test,” Brier said.
This finding supported Cross’ observation that AD appeared to be less
likely to develop among those with MS. It is not clear how amyloid accu-
mulation is linked to the cognitive impairment typical of Alzheimer’s, but
the accumulation of plaques is generally understood to be the first event
in the biological cascade that leads to cognitive decline.

The researchers also found that the more typical the patient’s MS
history was, in terms of age of onset, severity, and overall disease pro-
gression, the less likely they were to have amyloid plaque accumulation
in that patient’s brain compared with those with atypical presentations
of MS. This suggests there is something about the nature of MS itself
that is protective against Alzheimer’s disease, which Brier and Cross are
planning to investigate.

MS patients generally have multiple flare-ups of the illness over
the course of their lifetimes, during which the immune system attacks
the central nervous system. It's possible that this immune activity also
reduces amyloid plaques, the researchers said.

“Perhaps when the Alzheimer’s amyloid pathology was developing,
the patients with MS had some degree of inflammation in their brains
that was spurred by their immune responses,” Brier said. Referring to
work by co-author neurologist David M. Holtzman, MD, Brier noted that
activated microglia, which are part of the brain’s immune response in MS,
have been shown to clear amyloid from the brain in animal models.?

Brier and Cross have begun the next steps of this research, both to
tease out the possible human genetics involved, as well as to test amyloid

plaque development in animal models representing.

Sources: 1) Brier MR, Schindler, SE, Salter A, et al. Unexpected low rate
of amyloid-f pathology in multiple sclerosis patients. Ann Neurol. July 4,
2024. DOI: 10.1002/ana.27027. 2) Yin Z, Rosenzweig N, Kleemann KL,
et al. APOF4 impairs the microglial response in Alzheimer’s disease by
inducing TGFf-mediated checkpoints. Nat Immunol. 2023;24(11):1839-
1853. doi: 10.1038/541590-023-01627-6.

GUJARATI TRANSLATION FOR WALKING
IMPAIRMENT QUESTIONNAIRE FOR PAD

The Walking Impairment Questionnaire (WIQ) is a common and easy-
to-use assessment of walking incapacity in people with claudication due
to peripheral artery disease (PAD). It has 4 subscales: pain severity,
walking distance, walking speed, and ability to climb stairs. It is one of
several clinical measurements useful for predicting patients’ functional
limitations, assessing fitness for surgery or endovascular procedures, or
inclusion for clinical trials.

Researchers have now translated this often-used test into Gujarati,
an Indo-Aryan language native to the state of Gujarat on the western

edge of the India subcontinent. It is 1 of 22 official languages of the In-

Continued on page 18
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dian Union and the 6% most widely spoken language in India, with 55.5
million speakers. Further, it is the 26" most widely spoken language in
the world. Most important for LER readers, it is one of the fastest-grow-

ing languages in the United States.

Source: Tollenaere Q, Métairie A, Le Pabic E, Le Faucheur A, Mahé G.
Use of the Walking Impairment Questionnaire and Walking Estimat-
ed-Limitation Calculated by History questionnaire to detect maximal walk-
ing distance equal to or lower than 250 m in patients with lower extremity
arterial disease. Front Cardiovasc Med. 2023;21;10:968213. doi:10.3389/
fcvm.2023.968213.

DEATH BY DIABETES: AN EPIDEMIC OF
AMPUTATIONS

About 38 million Americans have diabetes, and each year a staggering
154,000 Americans will suffer amputations, roughly 80% of which will be
the result of complications from diabetes. Their life expectancy following
this procedure is five years; the probability of a second amputation is up to
35%. By comparison, a total of 1,700 American soldiers had limbs removed
since 2002 due to injuries sustained during combat tours in Iraq and

Afghanistan.
Source: Barsky N. Death by diabetes: America’s preventable epidemic. The
Guardian. July 25, 2024. Available at https://www.theguardian.com/us-
news/ng-interactive/2024/jul/25/diabetes-amputations-crisis. Accessed
Sept. 3, 2024.

META-ANALYSIS OF ROMOSOZUMAB
FOR OSTEOPOROSIS
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Romosozumab, a humanized monoclonal antibody sclerostin inhib-
itor, was FDA-approved in 2019 for the treatment of osteoporosis in
postmenopausal women and men who are at increased risk of fracture.
Significantly, the FDA applied a black box warning for the drug noting
the potential risk of myocardial infarction, stroke and cardiovascular
death.

Now, a research team from Saga University in Japan recently
published a meta-analysis of 6 controlled clinical trials that looked at
the efficacy and safety of romosozumab (210 mg, subcutaneously, 1x/
month; Evenity®; Amgen) in 7990 patients with a follow-up period of
6-12 months. They looked at percent change in bone mineral density
(BMD), falls, fractures, and adverse events (AEs), and calculated mean
differences (MDs) with 95% confidence intervals (Cls).

Their findings show that compared to placebo, romosozumab
significantly increased lumbar spine bone mineral density (BMD) (MD
= 12.69; 95% CI 11.10-14.29), total hip BMD (MD = 4.42; 95% CI
3.03-5.80), and femoral neck BMD (MD = 3.99; 95% CI 2.42-5.57)
at 12 months. Romosozumab significantly decreased falls (RR = 0.80;
95% CI 0.68-0.93) and major osteoporotic fractures (RR = 0.37; 95%
CI 0.25-0.54), but increased injection-site reactions (RR = 1.83;95% CI
1.46-2.30) within 12 months. No significant differences were observed
in other AEs (including cardiovascular AEs) within 12 months.

They concluded that romosozumab treatment resulted in a signifi-
cant BMD gain, reduced falls and major osteoporotic fractures and was
generally well-tolerated, including the cardiovascular aspects. However,

the occurrence of minor AEs (eg, injection-site reactions) should be

considered.
Source: Kobayashi T, Hara M, Shimanoe C, et al. Efficacy and safety of

romosozumab: a meta-analysis of placebo-controlled trials. J Bone Miner
Metab. 2024. https://doi.org/10.1007/s00774-024-01531-5.

Continued on page 21
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OBSTRUCTIVE SLEEP APNEA,
OSTEOARTHRITIS & BMI

Outcome  Method SNP OR(95%CT)
Osteoarthritis MR Egger 92 1.12(0.97;1.30) 0.135
Weighted median 92 112(0.99:1.27) 0.061

Ivw 92 1.13(1.05;1.21) 0.001

Simple mode 92 1.18(0.92;1.53) 0203

Weighted mode 92 1.10(0.93:1.28) 0.264

Hip osteoarthritis MR Egger 100 1.07(0.94;1.21) 0316
Weighted median 100 1.07(0.98;1.18) 0.149

Ivw 100 1.11(1.04;1.18) 0.002

Simple mode 100 1.07(0.87,1.32) 0.526

Weighted mode 100 1.02(0.90;1.15) 0.783

Knee osteoarthritis MR Egger 100 1.10(0.99;1.23) 0.077
Weighted median 100 1.03(0.96:1.11) 0416

vw 100 1.08(1.02;1.14) 0.005

Simple mode 100 0.99(0.87,1.14) 0.967

Weighted mode 100 1.03(0.95:1.12) 0.501

0.8 12 14 16

Figure: Causal relationships between obstructive sleep apnea and
osteoarthritis risk performed by Mendelian randomization. IVW, inverse
variance-weighted approach;SNP, single nucleotide polymorphism;

This study, the first of its kind, aimed to explore the connection between
Obstructive Sleep Apnea (OSA) and osteoarthritis (OA) and evaluate
causality using Mendelian randomization (MR), utilizing large-scale ob-
servational study data and genetic datasets. Cross-sectional observational
analysis identified significant relationships between OSA and OA, while
findings based on the MR study did support a causal role. The analysis
of potential mediating factors found that BMI was an important factor
between OSA and OA.

Previous studies found that the prevalence of OSA among individu-
als with OA was significantly higher than that in the general population,
66% versus 17%, respectively.

Sleep, as a period of physiological recovery, creates an environment
conducive to cell proliferation, migration, and differentiation, with cell
division and protein synthesis peaking during sleep. OSA causes airway
collapse, leading to oxygen deprivation and disruption of sleep rhythm.
Previous studies revealed that OSA can cause increases in inflammatory,
oxidative stress, and metabolic abnormalities, such as abnormal blood
lipids, uric acid, and blood sugar, which may lead to the future develop-
ment of OA.

In this study, the MR analysis provided evidence of a causal rela-
tionship between OSA and OA, substantiated by rigorous examinations
of horizontal pleiotropy and heterogeneity. These findings were further
reinforced by 2-way MR analysis, eliminating the possibility of reverse
causality.

Obesity and inflammation are potential pathogenic mechanisms by
which OSA leads to OA. Previous studies, through bioinformatics anal-
ysis, have found that shared inflammation genes between OSA and OA
are significantly enriched in the TNF pathway and the IL-17 pathway.

The correlation between OSA and BMI has been a focal point of
research for quite some time. The sleep fragmentation due to OSA can
result in a state of effective sleep deprivation, which, in turn, can cause

daytime drowsiness, a reduction in physical activity, and, consequently,

an increase in body weight. One key factor contributing to weight gain

in individuals with OSA is insulin resistance. Studies have indicated that
the development of insulin resistance in the context of sustained intermit-
tent hypoxia is closely tied to the disruption of leptin signaling pathways.

These authors observed significant mediated effects of BMI on the
associations between OSA and OA risk. In particular, other obesity and
insulin resistance markers mediated no association between OSA and
OA risk, among which the mediated proportion of BMI was 36.9%, con-
sistent with previous research. These findings suggested that OSA may
increase obesity and finally aggravate OA.

A high BMI or obesity leads to overloading the joints due to excess
weight, which, in turn, leads to the destruction of articular cartilage.
Others attributed it to excess fat tissue, which secretes hormones and
proinflammatory cytokines, contributing to low-grade systemic inflam-
mation. Given that BMI is a relatively controllable mediating factor,
effectively managing BMI in OSA patients could potentially reduce the
incidence of OA.

Source: Yang Z, Lv T, Jin L, et al. The relationship between obstructive
sleep apnea and osteoarthritis: evidence from an observational and
Mendelian randomization study. 2024: Front. Neurol. 15:1425327. doi:
10.3389/fneur.2024.1425327

THE IMPACT OF ECCENTRIC PRELOAD
ON MUSCLE PERFORMANCE
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CONCLUSION stretch-induced increased performance in SSCs
is attributed to passive-elastic structures within the contractie
element, resulting in higher neuromuscular efficiency.

Source: Goecking T, Holzer D, Hahn D, Siebert T, Seiberl W. Unlocking
the benefit of active stretch: the eccentric muscle action, not the preload,
maximizes muscle-tendon unit stretch-shortening cycle performance.

J Appl Physiol (1985). 2024 Aug 1;137(2):394-408. doi: 10.1152/
japplphysiol.00809.2023. Copyright © 2024 the American Physiological

Society; all rights reserved.
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ASSESSING LOWER LIMB PERFUSION IN
DIABETIC FOOT ULCER: AWPI VS ABPI

The presence of peripheral artery disease (PAD) in patients with diabetic
foot ulcers (DFUs) is a significant risk factor for chronicity and amputa-
tion. Ankle-brachial pressure index (ABPI) is a screening tool for PAD.
Brachial systolic pressure measurement, used as a denominator in the
calculation of ABPI, produces inaccurate results in patients with obesity
and the presence of heavy clothing. The wrist, however, is easily acces-
sible, and the ankle—wrist pressure index (AWPI), if comparable with
ABPI, may be useful in screening selected patients. This study aimed to
assess the efficacy of AWPI in diagnosing perfusion in DFUs and com-
pare it to ABPI in patients with DFUs.

ABPI and AWPI were calculated by measuring systolic blood pres-
sure in the arteries of the ankle, arm and wrist with a handheld Doppler.
Actual perfusion was determined by the presence or absence of PAD by
duplex ultrasound.

A total of 46 lower extremities in 41 patients were studied. The
prevalence of PAD was 61%. Duplex ultrasound confirmed that the sen-
sitivity of ABPI and AWPI in detecting PAD in patients with DFUs was
67.9% and 71.4% respectively, whereas the specificity of ABPI and AWPI
was 94.4% and 88.9% respectively. On receiver operating characteristic
analysis, the area under the curve of ABPI and AWPI was 0.804 and
0.795, respectively. A statistically significant positive correlation between
ABPI and AWPI was found (r=0.986; P<0.001).

ABPI and AWPI values were categorized into 3 groups, value
<0.9 as presence of PAD, 0.9-1.3 as normal value, and >1.3 as poorly
compressible arteries. The figure shows the distribution of patients in
different categories of ABPI and AWPI with a comparison between the

presence and absence of PAD confirmed on duplex scan.

PAD via duplex ultrasound analysis m Present = Absent

20 20

Count
3
Count
3

<0.9 09-1.3 >1.3 <09 09-1.3 >1.3

ABPI Category AWPI Category

PAD in <0.9 group: ABPI 95% versus AWPI 90.0%

PAD in 0.9-1.3 group: ABPI 31.6% versus AWPI 27.8%
PAD in >1.3 group: ABPI 42.8% versus AWPI 50%

Figure: Bar diagrams comparing peripheral arterial disease (PAD) categories
between ankle-brachial pressure index (ABPI) and ankle-wrist pressure index
(AWPI) based on duplex ultrasound scans

The authors found there was a good correlation between ABPI
and AWPI over a wide range of values. ABPI and AWPI may have a
similar role in predicting perfusion in patients with DFUs. AWPI could
be used in place of ABPI in selected patients in whom measuring ABPI

may be difficult.

Source: Roshan R, Chaudhary N, Chouhan U, Huda F, Basu S. Correla-
tion of ankle-wrist pressure index with ankle-brachial pressure index to
assess lower limb perfusion in diabetic foot ulcer: a pilot study .J Wound
Care. 2024:33(7): 519-525. Copyright © 2024 MA Healthcare Ltd. Re-

printed with permission; all rights reserved.

AGING BABY BOOMERS & ANKLE
FRACTURES

‘#1474786664

Ankle fractures are common among healthy adults, but even moreso
among elderly patients. And the population of so-called Baby Boomers
(today’s 60-78-year-olds) is expected to nearly double by 2050. An-

kle fractures in patients with osteopenia and in diabetic patients with
deranged bone remodeling constitute high-risk injuries that may result in
catastrophic complications.

Successful outcomes in the surgical treatment of the fractured ankle
require methods that respect the soft tissue envelope and establish a
stable mortise for functional rehabilitation. These patients present unique
care challenges (eg, tenuous soft tissues, incision skin margin necrosis,
neuropathy) and should not be approached in the same manner as their
healthy counterparts. These authors present the principles of treatment
in high-risk ankle fractures, operative treatment philosophy illustrating
techniques frequently used at our institution, and a review of current

literature.

Source: Krcal CE Jr, Collman DR. Management of high-risk ankle
fractures. Clin Podiatr Med Surg. 2024;41(1):73-101. doi: 10.1016/].
cpm.2023.06.003.
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UNDERSTANDING THE BENEFITS AND
LIMITATIONS OF ORTHOTIC USE IN CMT
AND CP

Noting a lack of evidence-based guidance on mobility challenges in individ-
uals with neuropathic conditions, in particular Charcot-Marie-Tooth (CMT)
disease and Cerebral Palsy (CP), researchers from the University of lowa
in Iowa City identified a critical need for a better understanding of how
surgical correction affects mobility, balance confidence, and gait compared
to ankle-foot-orthosis (AFO) bracing.

They propose using 1) prospective studies in select patient cohorts
to compare conservative vs. surgical management, 2) objective laborato-
ry-based evaluations of patient mobility, balance, and gait using reliable
methods, and 3) use of patient-centric outcome measures related to health

and mobility.

Among their initial findings was this:

LINKEDIN POST OF THE MONTH

“My orthosis is...

g% 1%

- 26% (N
27% V

i - “...comfortable throughout
...pain-free to wear” e

the day”
33%
16%
17%
m Strongly Agree Agree
Neither Agree nor Disagree Disagree
= Strongly Disagree = Don't Know/Not Applicable

Figure: To gain insight into satisfaction with daily use, 329 individuals with
CMT who use an AFO were queried utilizing a questionnaire that included 11
device-specific questions and 10 service-related questions. Patients rated their
level of agreement to statements using a six-level Likert scale. Less than half of
participants strongly or very strongly agreed that their orthosis was pain-free
to wear, and only half similarly agreed that their orthosis is comfortable to wear
throughout the day. These findings suggest the need to further enhance AFQ
related care to overcome the weakness, pain, and impaired function associated
with CMT. (Expanded from Zuccarino et al. 2021).

Other findings include a discussion of morphologic measurements using
weight-bearing CT scans, and dual fluoroscopy (DF), which leverages 2
orthogonally-placed X-ray videos to measure 3D bone movement.

They conclude by noting that “There is variation in orthotics services,
and clinicians report problems with acceptance and use of AFOs amongst
people with these conditions, possibly due to a mismatch between patient

needs and device provision.”

Source: Chrea B, Anderson DD, Roach K, Wilken J. Research toward un-
derstanding the benefits and limitations of orthotic use to improve mobility
and balance for individuals with neuropathic conditions. Iowa Orthop J.
2024;44(1):37-45.
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It ain’t "Shin splints” &

#+ Connect

Shin splints are a label often given for shin pain, but
this is NOT a diagnosis as several conditions can
cause pain in this region. So here are some of the
common causes:

Front of shin:
= Anterior exertional compartment syndrome
= Tibial stress fracture

Inside of shin:

= Medial tibial stress syndrome (MTSS)

= Tibial stress fracture

« Deep posterior exertional compartment syndrome
«® Calf muscle strain (soleus or gastrocnemius)

Other: Nerve or Vascular involvement

It's important to recognise that these disorders can
co-exist. Concurrent injuries were found in 32% of
individuals assessed with shin pain, meaning a runner
could be dealing with multiple causes of shin pain
simultaneously. (Winters 2017)

Runners & health professionals, like & share so we
can all STOP using the term “shin splints

i Reference

Winters, M., et al. (2017). "Medial tibial stress
syndrome can be diagnosed reliably using history
and physical examination.” British Journal of Sports
Medicine.
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BURDEN OF INFECTED DIABETIC FOOT
ULCERS

Diabetic foot is a common complication of diabetes that affects quality and
prognosis of life for patients and often requires hospitalization. Infection,
alone or in association with ischemia, is the main cause of hospital admis-
sion and impacts prognosis. The aim of this study is to analyze the costs of
diabetic foot lesions and assess factors that influence the economic impact,
focusing on infection.

These authors included all people with diabetes with a first visit for
diabetic foot during 2018 in their diabetic foot center. Database interroga-
tion identified 422 patients. Diabetic foot treatment required hospitaliza-
tion for 242 patients (58%), while 180 (42%) were treated in outpatient

services. Healing time was different between the two groups: it was 136 +
124 days (mean + SD) for outpatients and 194 + 190 days for patients that
require hospitalization (P< 0.001). Costs: Treatment of 422 patients for
diabetic foot globally costs 2063 million EUR (2284 USD) and the mean
cost for patients is 4888 EUR (5411 USD), with hospital stay having a high
impact on this, accounting for 88% of the costs. Infection impacts hospital-
ization duration and ischemia impacts healing time. Ischemia and infection
prolonged hospitalization duration and costs. Our work underlines that

hospital treatment costs have a high impact on total costs.

Source: Da Ros R, Assaloni R, Michelli A, et al. Burden of infected diabetic
foot ulcers on hospital admissions and costs in a third-level center. Diabetol-

ogy. 2024;5(2):141-150. https;//doi.org/10.3390/diabetology5020011

No Ischemia Ischemia Not Ischemia and I T;St T. 1 "l;eslt'T
Parameter Infection Infection Infection Loyt ST
With/Without With/Without
{(n=25) (n=191) (n=40) . .
Infection Ischemia
Hospital stay 3
(dnys) smoan D8 1254+97 9+ 9 16 +13 < 0.01 n.s
et e 135 + 121 263 + 243 268 + 287 n.s. 0.04
(days), mean + SD
Hospitalization
5 3 5 . .S.
costs (EUR) + DS 6486 + 2860 6514 + 2632 7657 + 2175 0.01 n.s

Table: Hospital stay, healing time, and hospitalization costs.

CHANGES IN FOOT BIOMECHANICS
DURING PREGNANCY

The current review sought to analyze the evidence for changes in foot
biomechanics during pregnancy and the postpartum period.

These authors found that around half of the body mass acquired
during pregnancy is in the woman’s abdominal region (anterior part of the
trunk), which leads to changes in the center of gravity and more significant

oscillations in the center of pressure. These factors induce disturbances in

the pregnant woman’s gait. Changes in foot size may also be due to fluid re-

tention during pregnancy. In the study by Alcahuz-Grinan, a slight increase
was reported during the third trimester, which normalizes after delivery.
...In addition, the increases in step width and the kinetic parameters
of hip and ankle gait characterize the regular gait pattern in late pregnancy,
implying greater use of the hip abductor, hip extensor, and ankle plantar
flexor muscle groups. Overuse of these muscle groups during pregnancy
can be a contributing factor to lower back pain, foot pain, and painful
muscle cramps in gastrocnemius.
...Starting exercise programs in the early stages of pregnancy will
help adjust to changes in static and dynamic grip parameters and balance,

especially in the third trimester.

Source: Zangdo MOB, Poeira AE, Branco M, Santos-Rocha R. Changes

in foot biomechanics during pregnancy and postpartum: scoping review.
Inter J Environ Res Publ Health. 2024;21(5):638. https;//doi.org/10.3390/
iierph21050638

Continued on page 29
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ULTRASOUND IMAGING OF THE
QUADRICEPS FEMORIS IN KOA

Knee osteoarthritis (KOA) is a common disease in elderly adults. While
previous studies have mainly focused on pathological changes, such as
synovial and cartilage alterations, these authors sought to focus on changes
in muscle quality. Echo intensity, shear modulus, and Myoton PRO (Tal-
linn, Estonia) are all potential and convenient tools for evaluating muscle
properties. In addition to measuring muscle morphology, echo intensity and
shear modulus also expand the scope of ultrasound assessment of muscles
by quantifying muscle composition and stiffness, thereby providing more
information about muscles. This study used ultrasound to assess the
muscle echo intensity and shear modulus and employed Myoton PRO to
evaluate the tone and stiffness in patients with KOA on both affected and
unaffected sides. Additionally, they assessed these parameters in age-
matched healthy older individuals on their dominant sides and examined
the correlation between these muscle parameters and clinical severity
scores (VAS, WOMAC, K-L grade) among KOA patients.

The differences in ultrasound and muscle properties of the superficial
quadriceps muscle between elderly patients with KOA and healthy elderly
individuals were preliminarily investigated and the authors reported a weak
to moderate correlation was found between muscle echo intensity and K-L
grade, as well as between tone and pain score in KOA. They concluded
that future prevention and treatment strategies for KOA in clinical settings
should take into account differences in muscle parameters. The authors
hope that this study serves as a reference for clinicians to use the objective
tools and methods to evaluate muscle quality around the knee in patients
with KOA. In the future, it is expected that the muscle differences in pa-
tients with KOA will attract more attention from researchers. Additionally,
we hope for wider utilization of scientific and objective assessment tools
and methods in the clinical evaluation of muscle quality to assist clinicians

in developing appropriate intervention strategies.

Source: Li J, Wu Z, Lu B, Li C, Wang S, Zhang J, Shen X, Xiang R, Chen J,
Jiang T, Zhao C, Liu W, Xu X. The Differences in Parameters in Ultrasound
Imaging and Biomechanical Properties of the Quadriceps Femoris with

Unilateral Knee Osteoarthritis in the Elderly: A Preliminary Observational
Study. Clin Interv Aging. 2024;19:1479-1491. https://doi.org/10.2147/CIA.
5442610

ATHLETIC PERFORMANCE DECLINE OVER
THE LIFE SPAN

Loss of muscle power has a significant impact on mobility in geriatric
= _

populations, so this study sought to determine the extent and time course
of performance decline in power-centric events throughout the life span via
retrospective analyses of masters and elite track-and-field data.

Four track-and-field events were selected based on maximal power
output: the 100-m dash, long jump, high jump, and triple jump. Elite
and masters athlete data were gathered from the World Masters Outdoor
Championships and the International Amateur Athletic Federation World
Athletics Championships (17,945 individual results). Data were analyzed
by fitting individual and group results to quadratic and linear models.

Average age of peak performance in all events was 27.8 (0.8) years
for men and 28.3(0.8) years for women. Athlete performance decline best
matched a linear model for the 5 years following peak performance (mean
R2 =.68[.20]) and for ages 35-60, but best matched a quadratic model
for ages 60-90 and 35-90 (mean R2 =.75[.12]). The average rate of
decline for the masters data ages 35-60 ranged from 0.55% per year for
men’s 100-m dash to 1.04% per year for women’s long jump. A significant
age X sex interaction existed between men and women, with men declining
faster throughout life in all events except the 100-m dash.

Performance decline begins in the early 30s and is linear through
middle age. This pattern of decline provides a basis for further research
on power-decline pathophysiology and preventive measures starting in

the 30s.

Source: Pfeifer B, Nelson WB, Hyldahl RD. Athletic Performance De-
cline Over the Life Span: Cross-Sectional and Longitudinal Analyses of
Elite and Masters Track-and-Field Data. Int J Sports Physiol Perform.
2024;19(9):897-904. doi: 10.1123/ijspp.2023-0431.



Shopping Cart-Related Lower Extremity Injuries Treated
at United States Hospital Emergency Departments

BY MATHIAS B. FORRESTER, BS

Tens of thousands of shopping cart-related injuries are treated at United

States (US) hospital emergency departments (EDs) each year. This study

described shopping cart-related lower extremity injuries treated at US
hospital EDs.

Methods: An analysis was performed of shopping cart-related lower extremity
injuries reported to the National Electronic Injury Surveillance System during
2000-2023. National injury estimates were calculated for selected variables.

Results: An estimated 144,935 shopping cart-related lower extremity injuries
were treated at US hospital EDs during 2000-2023, 17.5% of the estimated
828,254 total shopping cart-related injuries affecting any body part. The
distribution of the lower extremity injuries by body part was 25.8% lower leg,
20.2% knee, 18.7% foot, 16.2% ankle, 13.2% toe, and 5.9% upper leg. The
injury mechanisms were 37.8% hit or hit by shopping cart; 21.1% fall, trip,

or slip and shopping cart involved (patient not in or on shopping cart); 11.5%
run over by shopping cart; and 29.7% all other or unknown. The patients were
12.5% 0-5 years, 10.0% 6-19 years, and 77.5% 20 years and older; 72.0%
of the patients were female, and 28.0% were male. The injury type was
41.4% contusion or abrasion, 15.1% strain or sprain, 13.0% fracture, 8.8%
laceration, and 21.8% other/not stated; 94.3% of the patients were treated or
examined at the ED and released.

Conclusion: Shopping cart-related lower extremity injuries treated at US
hospital EDs occurred via a variety of mechanisms, the most common being
hit or hit by shopping cart; fall, trip, or slip and shopping cart involved (patient
not in or on shopping cart); and run over by shopping cart. The majority of
patients were age 20 years or older, and most patients were female. The most
common type of injury was contusion or abrasion, followed by strain or sprain
and fracture. Most patients were treated or examined in the ED and released.
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Figure 1. Annual estimated number of shopping cart-related lower extremity injuries reported
to the National Electronic Injury Surveillance System, 2000-2023
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The United States Consumer Product Safety Commission considers an estimate unstable and potentially unreliable when the estimate is <1,200.

A shopping cart, also called by other terms such as basket,
buggy, carriage, wagon, or wheelbasket in the United States (US), is
a wheeled cart for people to transport items, primarily merchandise,
inside or from a store. Most shopping carts have 4 wheels and are
comprised of metal or a combination of metal and plastic. Shopping
carts come in a variety of sizes and designs. The standard shopping
cart is the most common type of shopping cart found in (and owned
by) supermarkets and grocery stores. It typically features a frame,

a handlebar for pushing, and a basket or compartment for holding
items. The child-friendly shopping cart is designed to accommodate
young children; it may feature a built-in child seat or a designated
area where a child may sit. The double-decker shopping cart has

2 baskets or compartments stacked on top of each other, allowing
shoppers to separate items. The mini shopping cart is a smaller-sized
cart designed for shoppers who only need a few items or who have
limited space for shopping. The electric shopping cart is primarily
an electric wheelchair or scooter with a basket and is for persons
with disabilities."? There also is the personal shopping cart (typically
owned by the individual), which is generally a smaller, folding cart,
sometimes with only 2 wheels, that people may use to transport
merchandise to their homes.

Tens of thousands of shopping cart-related injuries are treated

at US hospital emergency departments (EDs) each year.3* These
injuries occur by a variety of mechanisms, such as falls out of a
shopping cart, cart tip overs, patient body part caught in a cart
(entrapment), being struck or run over by a cart, and running into or
falling over a cart.>>” Common shopping cart-related injuries include
closed head injuries or concussions, internal injuries, lacerations,
fractures, and contusions or abrasions and can affect all parts of the
body, including the lower extremity.>*” Death may also result from
shopping cart-related injuries.®

Much of the literature on shopping cart-related injuries has
focused on the pediatric population.?”*!° The objective of this study
was to describe shopping cart-related lower extremity injuries affect-

ing patients of all ages.

Methods

This retrospective, descriptive study used data from the National
Electronic Injury Surveillance System (NEISS), available at https://
www.cpsc.gov/cgibin/NEISSQuery/home.aspx. The NEISS database
has been described in detail in Lower Extremity Review previously."
In brief, NEISS is operated by the US Consumer Product Safety
Commission (CPSC) and is a database of consumer product-related

injuries collected from a representative sample of approximately

Continued on page 32
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Continued from page 31

Table 1. Mechanism of shopping cart-related injuries treated in United States hospital emergency departments,
National Electronic Injury Surveillance System, 2000-2023

Mechanism

Lower extremity (LE)
injuries

LE/total

Total injuries injuries (%)

Estimate Estimate

Fall, trip, or slip mentioned 41,339 28.5 548,668 66.2 7.5
Fell from or in shopping cart (no mention 6.902 48 375.157 45.3 18
shopping cart tipped or fell over) ! ' ! : '
Shopping cart tipped or fell over (patient
in or on shopping cart) 3,905 2.7 23,226 2.8 16.8
Fall, trip, or slip and shopping cart
involved (patient not in or on shopping 30,533 21.1 150,285 18.1 20.3
cart)

Fall, trip, or slip not mentioned 103,596 71.5 279,586 33.8 37.1
Hit or hit by shopping cart 54,770 37.8 116,127 14.0 47.2
Run over by shopping cart 16,610 11.5 25,676 3.1 64.7
Shopping cart tipped or fell over (no
mention patient in or on cart) 8,528 59 19,334 2.3 44.1
Entrapment of body part in shopping
cart or between shopping cart and 4,671 3.2 32,410 3.9 14.4
another object
Pushed, pulled, lifted, or carried
shopping cart (no other factor 5,714 3.9 34,330 4.1 16.6
mentioned)

Other or unknown mechanism 13,301 9.2 51,709 6.2 25.7

Total 144,935 828,254 17.5

able when the estimate is <1,200.

Estimate = Weighted estimate (sum of the Weight numeric field in the National Electronic Injury Surveillance System database). The numbers in the
Weight field are not whole numbers but include decimals. As a result of rounding to whole numbers when performing analyses, the sum of the esti-
mates for a given variable might not equal the total. The Consumer Product Safety Commission considers an estimate unstable and potentially unreli-

100 US hospital EDs. National estimates are
calculated from database records according to
the sample weight assigned to each case based
on the inverse probability of the hospital being
selected for the NEISS sample.*"® The data

are publicly available and de-identified, so the
study is exempt from institutional review board

approval. Previous studies have used NEISS

data to examine shopping cart-related injuries;
however, these studies examined only the pedi-
atric population and did not focus on injuries of
the lower extremity.3*°

Cases were shopping cart-related injuries
reported to the NEISS during 2000-2023. Cases
were identified in a multi-stage process. First,

all records with product code 1679 (Grocery or

shopping carts, unpowered) in the Product_1,
Product_2, or Product_3 numeric fields were
identified. There was no product code specifical-
ly for powered grocery or shopping carts. (The
Product_3 field was added in 2018 but does not
appear to have been used until 2019;" only 9 of
the records included in the study had product
code 1679 in this field.) Next, the Narrative




Table 2. Patient demographics and circumstances of shopping cart-related injuries treated in United States hospital
emergency departments, National Electronic Injury Surveillance System, 2000-2023

LE/total
injuries (%)

Lower extremity (LE)
injuries

Variable Total injuries

Estimate Estimate

Patient age (years)

0-5 18,147 12.5 450,617 54.4 4.0
6-19 14,510 10.0 63,182 7.6 23.0
20+ 112,278 775 314,449 38.0 35.7
Unknown 0 0.0 5 0.0 0.0
Sex
Female 104,321 72.0 469,834 56.7 22.2
Male 40,614 28.0 358,406 43.3 11.3
Unknown 0 0.0 14 0.0 0.0

3-month period

December-February 27,494 19.0 192,323 23.2 14.3
March-May 36,907 25.5 207,046 25.0 17.8
June-August 44137 30.5 216,340 26.1 20.4
September-November 36,397 25.1 212,545 25.7 17.1

Location of incident

Other public property 120,430 83.1 724,481 875 16.6
Home 3,021 2.1 15,236 1.8 19.8
Street or highway 2,125 1.5 9,019 1.1 23.6
Other 245 0.2 2,374 0.3 10.3
Not recorded 19,113 13.2 77,143 9.3 24.8
Total 144,935 828,254 17.5

Please see footnote in Table 1.

Continued on page 34
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Table 3. Type of injury and disposition of shopping cart-related injuries treated in United States hospital emergency
departments, National Electronic Injury Surveillance System, 2000-2023

LE/total
injuries (%)

Lower extremity (LE)
injuries

Variable Total injuries

Estimate Estimate

Type of injury (diagnosis)*

Contusion or abrasion 59,941 41.4 232,197 28.0 25.8

Internal organ injury 0 0.0 209,051 25.2 0.0

Laceration 12,713 8.8 85,450 10.3 14.9

Fracture 18,807 13.0 75,155 9.1 25.0

Strain or sprain 21,813 15.1 63,915 7.7 34.1

Other/not stated** 31,660 21.8 162,486 19.6 19.5
Disposition

Treated or examined and released from

emergency department 136,713 94.3 769,382 92.9 17.8

Treated and admitted for hospitalization

(within same facility) 5,884 4.1 33,281 4.0 17.7

Treated and transferred to another

hospital 535 0.4 8,171 1.0 6.5

Held for observation (includes admitted

for observation) 356 0.2 3,605 0.4 9.9

Left without being seen/Left against

medical Advice 1,441 1.0 13,491 1.6 10.7

Not recorded 6 0.0 323 0.0 1.8
Total 144,935 828,254 17.5

*Type of injury includes only the diagnosis listed in the first of 2 diagnosis fields in the National Electronic Injury Surveillance System database. The
second diagnosis field was only used for records during 2019-2023.

**Includes ingested foreign object, aspirated foreign object, burn, amputation, concussion, crushing, dislocation, foreign body, hematoma, dental in-
jury, nerve damage, puncture, anoxia, hemorrhage, electric shock, poisoning, avulsion, conjunctivitis or dermatitis, other/not stated, and unknown.

Please see footnote in Table 1.




field (a text field that briefly summarizes the
circumstances of the injury) for each record was
reviewed to identify those records that met the
study criteria as well as attempt to identify the

mechanism of the injury. Injuries only peripher-

ally related to the shopping cart (eg, being hit by
an object that fell from the shopping cart, hitting

an object while riding in a shopping cart, being
injured while an object was being placed into or
removed from a shopping cart) were excluded
from the study. An exception was made for
injuries that occurred when the patient was be-
ing placed in or removed from a shopping cart
or the patient was placing another individual
(usually a child) into or removing them from a
shopping cart, which were included in the study.
Injuries involving all types of shopping carts
were included in the study because the specific
type of shopping cart was not often noted in the
Narrative field.

The mechanism of injury was grouped into
2 broad categories: (1) fall, trip, or slip men-
tioned or (2) fall, trip, or slip not mentioned.
The mechanism of injury was further divided

into the following categories:
e Fall, trip, or slip mentioned:

» fell from or in shopping cart (no men-

tion shopping cart tipped or fell over)

» shopping cart tipped or fell over (pa-
tient in or on shopping cart)

» fall, trip, or slip and shopping cart
involved (patient not in or on shopping

cart)
e Fall, trip, or slip not mentioned:
> hit or hit by shopping cart
» run over by shopping cart

» shopping cart tipped or fell over (no

mention patient in or on cart)

» entrapment of body part in shopping
cart or between shopping cart and

another object

» pushed, pulled, lifted, or carried shop-

ping cart (no other factor mentioned)

» other or unknown mechanism

If the injury involved a mechanism in the

fall, trip, or slip not mentioned group but a fall,

This study found that
38.0% of total injuries
and 77.5% of lower
extremity injuries
involved patients age 20
years and older.

trip, or slip occurred, then it was coded in the
fall, trip, or slip mentioned group. For example,
if a patient was hit by a shopping cart and fell,
the record was coded in the fall, trip, or slip
mentioned group. If multiple mechanisms of in-
jury were described in the Narrative field, such
as the patient being hit by a shopping cart and
then becoming entrapped in a shopping cart,
the first mechanism to occur (hit by a shopping
cart) in the sequence was coded.

The variables examined were injury mech-
anism, treatment year and month (grouped
into three-month periods), patient age and sex,
location of incident, type of injury (diagno-
sis), affected body part, and disposition. The
NEISS database contains 2 numeric fields for
coding the affected body part (Body_Part and
Body_Part_2) and two numeric fields for coding
the type of injury or diagnosis (Diagnosis and
Diagnosis_2). The Body_Part_2 and Diagno-
sis_2 fields were added in 2018, although they
do not appear to have been used until 2019.3
For consistency over the entire study period,
the Body_Part and Diagnosis fields alone was
examined for the analysis.

Analyses were performed using Microsoft
365 Access and Excel (Microsoft Corporation,
Redmond, Washington, US). For the selected
variables, the distribution of the national injury
estimates was determined for both total shop-
ping cart-related injuries affecting any body
part and the subset of shopping cart-related
lower extremity injuries. Comparisons were
made between the 2 groups for the studied
variables by calculating the percent of total
injuries that were lower extremity injuries.

National injury estimates were calculated by

summing the values in the Weight numeric
field in the publicly available NEISS database.
The CPSC considers an estimate unstable and
potentially unreliable when the estimate is
<1,200.2

Results
There were an estimated 144,935 shopping

cart-related lower extremity injuries treated at
US hospital EDs during 2000-2023, repre-
senting 17.5% of the 828,254 total estimated
shopping cart-related injuries affecting any body
part. The distribution of the lower extremity
injuries by body part was 37,426 (25.8%) lower
leg, 29,227 (20.2%) knee, 27,060 (18.7%) foot,
23,548 (16.2%) ankle, 19,114 (13.2%) toe, and
8,560 (5.9%) upper leg.

Table 1 shows the distribution of shopping
cart-related injuries by injury mechanism. A
fall, trip, or slip was mentioned in most total
injuries; however, a fall, trip, or slip was not
mentioned in the majority of lower extremity
injuries. For total injuries, the most common
mechanisms of injuries were fell from or in
shopping cart (no mention shopping cart tipped
or fell over); fall, trip, or slip and shopping cart
involved (patient not in or on shopping cart);
and hit or hit by shopping cart. For lower ex-
tremity injuries, the most common mechanisms
were hit or hit by shopping cart; fall, trip, or slip
and shopping cart involved (patient not in or on
shopping cart); and run over by shopping cart.

When the annual estimated number of
shopping cart-related lower extremity inju-
ries was examined (Figure 1), the estimated
number of injuries increased from 4,719 in
2000 to 7,972 in 2014 and then declined to
4,844 in 2023. The annual estimated number
of total injuries demonstrated a similar pattern,
increasing from 32,388 in 2000 to 40,581 in
2010 and then decreasing to 27,532 in 2023.
The proportion of total injuries comprised by
lower extremities was 18,969/133,135 (14.2%)
during 2000-2003, 21,116/140,392 (15.0%)
during 2004-2007, 24,891/152,938 (16.3%)
during 2008-2011, 28,975/151,795 (19.1%)
during 2012-2015, 29,547/144,177 (20.5%)
during 2016-2019, and 21,437/105,815
(20.3%) during 2020-2023.

Continued on page 36
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Table 2 presents the distribution of shop-
ping cart-related injuries by patient demo-
graphics and injury circumstances. While most
patients with total injuries were age 0-5 years,
most patients with lower extremity injuries
were age 20 years and older. The majority of
patients in both groups were female; however,
this proportion was higher among patients with
lower extremity injuries. The highest propor-
tion of lower extremity injuries were treated in
June-August, and the lowest proportion were
treated in December-February. Total injuries did
not exhibit a similar seasonal pattern. For both
total injuries and lower extremity injuries, most
injuries occurred at other public property.

Table 3 shows the distribution of shopping
cart-related injuries by type of injury (diagnosis)
and disposition. The most common diagnoses
among total injuries were contusion or abrasion,
internal organ injury, and laceration. The most
common diagnoses among lower extremity
injuries were contusion or abrasion, strain or
sprain, and fracture. For both groups, most
patients were treated or examined at the ED

and released.

Discussion

This study examined shopping cart-related in-
juries, assessing total injuries affecting all body
parts and injuries affecting the lower extremity
in particular. Tens of thousands of people are
treated at US hospital EDs for shopping cart-re-
lated injuries each year (thousands of which
involve lower extremity injuries). Examination
of lower extremities is important because this
study found that 17.5% of total shopping cart
-related injuries affected the lower extremity.
Furthermore, while previous studies used
NEISS data to examine shopping cart-related
injuries,>*® these studies included only pediatric
patients. This study found that 38.0% of total
injuries and 77.5% of lower extremity injuries
involved patients age 20 years and older.
Shopping cart-related lower extremity
injuries increased during 2000-2014 and then
decreased during 2015-2023. The decline in
injuries during the last 9 years may be due

to improvements in shopping cart safety and

Although the majority
of total injuries involved
patients age 0-5 years,
most lower extremity
injuries involved patients

age 20 years and older.

prevention efforts. Although total shopping
cart-related injuries demonstrated a similar
trend, they peaked a few years earlier, in 2010.
Furthermore, the proportion of total injuries in-
volving the lower extremity increased during the
study period, from 14.2% during 2000-2003 to
20.3% during 2020-2023. These observations
suggest that the factors related to the decline

in shopping cart-related injuries did not affect
lower extremity injuries to the same degree as it
affected injuries of other body parts.

Shopping cart-related lower extremity
injuries differed from total injuries in several
respects. In most total injuries, a fall, trip, or
slip was mentioned; however, in most lower
extremity injuries a fall, trip, or slip was not
mentioned. For total injuries, the most com-
mon injury mechanisms were fell from or in
shopping cart (no mention shopping cart tipped
or fell over); fall, trip, or slip and shopping cart
involved (patient not in or on shopping cart);
and hit or hit by shopping cart. For lower ex-
tremity injuries, the most common mechanisms
were hit or hit by shopping cart; fall, trip, or
slip and shopping cart involved (patient not in
or on shopping cart); and run over by shopping
cart. These differences are likely related to the
body parts most likely to be injured by a specific
mechanism. When a person hits or is hit by
a shopping cart, the lower extremity might
be expected to be the body part most often
involved in the hit. When a person is run over
by a shopping cart, the lower extremity might
be expected to be the body part most often run
over. However, when a person falls from or in a

shopping cart, depending on how they fall, any

body part might be injured.

Although the majority of total injuries
involved patients age 0-5 years, most lower
extremity injuries involved patients age 20 years
and older. While most patients in both injury
groups were female, this proportion was higher
for lower extremity injuries (72.0%) than for
total injuries (56.7%). People of a certain age or
sex may differ in their likelihood of experiencing
a certain injury mechanism. For instance, chil-
dren age 0-5 years might be more likely to ride
in a shopping cart, and thus more likely to fall
from or in a shopping cart (94.6% of total inju-
ries in this study) or be in or on a shopping cart
that tipped or fell over (82.6% of total injuries
in this study). In contrast, 72.4% of the patients
in this study who hit or were hit by a shopping
cart were age 20 years or older, and 47.8% of
the patients who were run over by a shopping
cart were age 20 years or older.

The most common diagnoses among
lower extremity injuries were contusion or abra-
sion, strain or sprain, and fracture. Most such
injuries might not be expected to require treat-
ment beyond the ED; in this study, 94.3% of
the patients with lower extremity injuries were
treated or examined in the ED and released.

Although the estimated number of shop-
ping cart-related injuries treated at US hospital
EDs has declined over the last decade, in 2023
there still were an estimated 27,532 total injuries
and an estimated 4,844 lower extremity injuries.
Thus, prevention of these injuries is still im-
portant. Previous publications have extensively
discussed ways to prevent shopping cart-related
injuries, particularly among children.>4141
These articles discuss public education, encour-
aging safe use of carts and adult supervision,
provision of alternatives to placing children in
carts while their caregivers shop, design changes
to carts to prevent tip-overs and falls, and
legislation.

There are limitations to this study. First,
potential cases were initially identified by
searching the 3 product code fields for product
code 1679 (Grocery or shopping carts, unpow-
ered). If this code was not used for a shopping

cart-related injury, then the injury would not



have been included in the study. Second, identi-
fication of the injury mechanism was performed
by review of the Narrative field by a single
person (the author). The injury circumstances
in the Narrative field are not standardized. If
the summary was incomplete or unclear, then
the proper mechanism might not have been
coded. Third, this study only included shopping
cart-related injuries treated at hospital EDs.
Examination of injuries not treated at hospital
EDs would provide a more complete view of
shopping cart-related injuries.

In conclusion, shopping cart-related lower
extremity injuries treated at US hospital EDs
occurred via a variety of mechanisms, the most
common being hit or hit by shopping cart;
fall, trip, or slip and shopping cart involved
(patient not in or on shopping cart); and run
over by shopping cart. The highest proportion
of patients were age 20 years or older, and most
patients were female. The most common type
of injury was contusion or abrasion, followed by
strain or sprain and fracture. Most patients were
treated or examined in the ED and released.
Considering that the pattern of shopping cart-re-
lated lower extremity injuries differed from total
injuries in several respects, prevention activities
may need to be modified to target those injury
mechanisms and demographic groups most

associated with lower extremity injuries.

Mathias B. Forrester, BS, is an independent
researcher in Austin, Texas. Now retired, he
previously performed public health research for
various university and government programs for

38 years.
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Varicose Veins of the Lower Extremities:

A Primer Part |l

BY ANGELA KELLEY, PA-C, MSM

Varicose veins affect
nearly one third of the
adult population and are
considered early warnings
of the more serious chronic
venous insufficiency. Early
recognition and prevention
are key to suppressing
potential life-threatening
damage and maintaining
patient quality of life.

Varicose veins (VVs)—those bulging, twisted
blood vessels typically seen on the legs—are
more than an esthetic issue. They can be painful
and affect patients’ quality of life; left untreated,
they can lead to life-threatening chronic venous
insufficiency and venous ulcers and warrant a
clinician’s attention.

VVs are a common occurrence noted
in healthcare. This article is the second of a
2-part-primer and includes information on
treatment, prevention, and complications of
this condition. Part I appeared last month and
included information on anatomy, physiology,
and pathophysiology, how to diagnose VVs, risk
factors for occurrence, clinical presentation, and
differential diagnoses. This article will focus on
treatment, prevention, and complications of this
condition. There are additional terms that will
be explored such as chronic venous insufficien-
cy (CVI), and chronic venous disease (CVD);
however, it is important to note at the outset that
these terms are not interchangeable with the

term varicose veins.

Definitions

Varicose Veins
Varicose veins (VVs) are superficial veins that are

dilated and bulging with diameters measuring 3

mm or greater that can progress to become more
enlarged and more tortuous.! Patients with VVs
can be either asymptomatic or have pain and
even bleeding if progression occurs. VVs are the
most common manifestation of CVD and usually

manifest as stage C2 in the CEAP (see below).?

Chronic Venous Disease

Chronic venous disease (CVD) is a general term
describing complications in the venous system
caused by dysfunctional valves and venous re-
flux.® Differentials related to CVD should include
causes of lower extremity edema including hypo-
albuminemia, cardiac insufficiency, hypothyroid-

ism, and more.>*

Chronic Venous Insufficiency

Chronic venous insufficiency (CVI) is mainly
caused by ambulatory venous hypertension

due to abnormal blood flow from reflux of
venous valves, obstruction of venous valves, or a
combination of both.! The causes of CVI include
VVs as well as reticular veins, telangiectasias,
pigmentation, edema, lipodermatosclerosis, ecze-
ma, venous ulcers, and atrophie blanche. These

additional exam findings are important to note to

iStockphoto.com #1068763150

determine differential diagnoses that could cause

venous abnormalities.’

CEAP (lassification

VVs represent one aspect of venous disease,
which is generally reported using the interna-
tional standard known as CEAP: Clinical-Eti-
ology-Anatomy-Pathophysiology Classification
(Table 1).2 CEAP, which is based on clinical man-
ifestations of chronic venous disorders, helps to
standardize diagnoses, improve communications
among clinicians, and facilitates research. Class
CO represents no visible sign of venous disease;
classes C1-3 typically denote CVD, while classes

C4-6 are indicative of the more severe CVI.

Treatment

Treatment for VVs depends upon the cause,
symptomatology, and severity of the condition.
Treatment of the underlying causes, conserva-
tive management, combination therapy, and
interventional treatments all have their place.
Cosmetic treatment may also be chosen if
patients are asymptomatic and more concerned

with appearance'?; however, the potential lack of

Continued on page 41
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medical coverage for cosmetic procedures must

be discussed with patients.?

Conservative Management

Treatment options for VVs vary based on the
concern for appearance as well as the level

of pain and potential for progression of the
condition. Conservative management for VVs
includes modifications of lifestyle, such as
avoiding straining or prolonged standing and
wearing clothing that is nonrestrictive; interven-
tions to decrease edema in lower extremities;
and reduction of cardiovascular risk.5 Additional
measures such as compression stockings and
phlebotonics, such as dietary supplements,

are available; however, long-term evidence is
lacking as compression stockings have only
been recommended as first-line treatment for
VVs in pregnant patients.">® Compression
stockings have been noted, however, to allow for
venous return, reduce venous hypertension, and
reduce effects of higher hydrostatic pressure.®

If compression stockings do reduce symptom-
atology in patients, there are different classes

of stockings with specific pressures that can be
prescribed based upon the level of pressure a
given patient can tolerate; however, a thorough
examination to determine sufficiency of arterial
supply should be performed prior to prescribing
compression stockings to avoid vascular compli-
cations.’ Some recent research has shown that
compression stockings could potentially prolong
the time to progression of VVs toward CVI.3*2
Weight loss and elevation of the lower extrem-
ity may be helpful in some patients, as well as

advice on skin care.551

Medical Treatment

Certain venoactive or venotrophic drugs have
been used to treat VVs when the patient is
symptomatic.""® The goals of these drugs are to
improve capillary permeability and venous tone;
however, there is a lack of data to support their
use and the exact mechanism of these medica-
tions is unknown.! There is data to show that
micronized purified flavonoid fraction (MPFF)!
can reduce symptoms of pain and heaviness in
the legs, frequency of leg cramps at night, and
great saphenous vein reflux in the evening.®?°

These medications are only used for symptom-

Superficial

Great Saphenous Vein
|

Proximal |
Segment

Varicose
Veins

Distal
Segment

Lower Extremity Veins

Deep
Femoral Vein

Perforator
Vein

Figure 1: The lower extremity venous system, and changes to varicose veins. The lower extremity has an intricate
system of superficial and deep veins connected by perforator veins. Excessive vein wall dilation and incompetent
venous valves lead to superficial dilated spider veins or engorged and tortuous varicose veins. Image reprinted

from Chen Y, Peng W, Raffetto JD, Khalil RA. Matrix Metalloproteinases in Remodeling of Lower Extremity Veins and
Chronic Venous Disease. Prog Mol Biol Trans| Sci. 2017;147:267-299. DOI: 10.1016/bs.pmbts.2017.02.003. Elsevier

Copyright ©2017; all rights reserved.

atic support and do not treat underlying causes
of venous reflux.”

Although minimal data exists within the
last 5 years, a 2016 article published in the
Journal of the American Heart Association
indicated that 2 medications, atorvastatin and
rosuvastatin, partially inhibited varicose vein de-
velopment by interfering with proteins involved
with stress mediating activity in venous smooth
muscle cells.?! The authors also theorized that
these medications may also reduce recurrence
of VVs after surgical repair of varicosities. In a
2022 paper where researchers were studying
the effects of atorvastatin on the venous system,
they also found that the anti-inflammatory
properties of statins may slow the progression
of CVD in general.?? This study referred to other

data regarding the relationship between statins

and thromboembolism as well as CVI, but noted
that additional studies need to be performed
with long-term data to determine the full effects

of statins on CVD.

Non-surgical Cosmetic Treatment
Sclerotherapy: Sclerotherapy with sclerosing
agents and use of ultrasound has been shown to
cause vasoconstriction, thrombosis, and occlu-
sion in VVs,? and has been noted to be the least
invasive percutaneous technique for closure of
VVs.! Foam sclerotherapy could be considered
in pregnant patients only if a bleeding VV caus-
es transfusions or recurrent hospitalizations.®
Sclerotherapy is usually preferred for smaller
and medium sized veins, 1-3 mm, and 3-5 mm
respectively, or in the treatment of post-surgical
recurrent VVs.5%

Continued on page 42
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Table 1.2 Last Revision of CEAP Classification on CVD.

Clinical (C) Classification Etiologic (E) Classification Anatomic (A) Classification Pathophysiologic (P) Classification
Co  No visible or palpable signs of venous  Ep  Primary As Superficial Pr Reflux
disease Es  Secondary Old  New Description Po  Obstruction
C1  Telangiectasias or reticular veins Esi  Secondary-intravenous 1. Tel Telangiectasia Pro  Reflux and obstruction
C2  Varicose veins Ese Secondary—extravenous 1. Ret Reticular veins Pn  No pathophysiology identified
C2r Recurrent varicose veins Ec  Congenital 2. GSVa Great saphenous vein above knee
C3 Edema En  No cause identified 3. GSVb Great saphenous vein below knee
C4  Changes in skin and subcutaneous 4. SSV Small saphenous vein
tissue secondary to CVD AASV  Anterior accessory saphenous vein
C4a Pigmentation or eczema 5. NSV Nonsaphenous vein
C4b Lipodermatosclerosis or atrophie Ad Deep
blanche 6. IVC Inferior vena cava
C4c  Corona phlebectatica 7. CIV Common iliac vein
C5 Healed 8. IV Internal iliac vein
C6  Active venous ulcer 9. EIV External iliac vein
C6r  Recurrent active venous ulcer 10.  PELV Pelvic veins
11.  CPV Common femoral vein
12. DPV Deep femoral vein
13.  FV Femoral vein
14.  POPV Popliteal vein
15.  TIBV Crural (tibial) vein
15. PRV Peroneal vein
15. ATV Anterior tibial vein
15.  PTV Posterior tibial vein
16.  MUSV Muscular veins
16.  GAV Gastrocnemius vein
16. SOV Soleal vein
Ap Perforator
17. TPV Thigh perforator vein
18.  CPV Calf perforator vein
An No venous anatomic location identified
CEAP: clinical-etiology-anatomy-pathophysiology; CVD: Chronic venous disease.

Image reprinted from reference 2. Use is per the Creative Commons Attribution (CC BY) license.

Laser Treatment

Thermal Ablation with Endovenous Laser
Therapy or Radiofrequency Ablation: Ablation
therapy uses heat to repair damaged veins. Two
key methods, an external laser or an endove-
nous catheter used in endovenous laser ther-

apy (EVLT) or radiofrequency waves, used in
radiofrequency ablation (RFA), use heat to clot
and close the vein in order to reroute the flow of
blood to competent veins.5>?*% EVLT, also known
as endovenous later ablation (EVLA), has shown
benefits such as reduction of damage to sur-
rounding tissues and less downtime for patients
who chose this option over surgical treatment.?
External laser ablation works best for telangiecta-
sias, whereas EVLT is more appropriate for larger
veins.® Additional forms of endovenous thermal
ablation include steam vein sclerosis (SVS) and

endovenous microwave ablation.!”

Non-Thermal, Non-Tumescent Ablation

Techniques (NTNTs)
Mechanochemical Ablation and Cyanoacrylate

Glue: One of the newer forms of treatment
involves 2 additional options known as mecha-
nochemical ablation (MOCA) and cyanoacrylate
glue (CAG).” These techniques, however, are not
considered first line for VV treatment, due to a
lack of long-term studies as well as the lack of in-
dication in the algorithm provided by the Nation-
al Institute of Clinical Evidence (NICE).?” These
options have been successful for pain symptoms
and a reduction in injury to surrounding nerves.
A comprehensive review of treatments for chron-
ic venous disorder published in 2021 discussed
these new techniques, with terms of MOCA and
cyanoacrylate embolization (CAE)? as possibly
establishing this technique as a newer novel
system in the future for treatment options of
venous disease. However, cost may outweigh the

benefits of using cyanoacrylate treatment for VVs

in today’s economic environment.?%®

Surgical Treatment

Surgical treatment options are dependent on
VV location. For example, surgery is the main
treatment for greater saphenous varicose veins
(GSSV).* For many years, the standard of treat-
ment for VVs was open surgical therapy,® with
high litigation stripping of the greater saphenous
vein, along with removing large VVs; however,
due to complications, endovenous ablation ther-
apy has become the more commonly used VVs
surgical treatment."® Treatment for VVs today
mainly involves the use of venoactive drugs for
CEAP levels CO-C2 along with sclerotherapy and

t,3%2 although endovenous

endovenous treatmen
treatment needs further data for comparison

to the surgical approaches.® In a 5-year trial for
different VVs treatments, participants were found
to have improved quality of life after surgery or

ablation compared to those treated with foam



Table 2.34 List of complications on which consensus was reached for varicose vein treatment.

Allergic reaction requiring treatment to be aborted and medication to be started or to treatment being aborted and ventilator support as a
Cellulitis requiring hospital admission for treatment with IV antibiotics or IV antibiotics and ICU support due to hemodynamic instability

Hemorrhage requiring one blood transfusion, blood transfusion and limited surgical or endovascular interventions or massive transfusion

12 Permanent discoloration

Minor

Major 1
result of medication
2
3 Deep wound infection requiring surgical debridement
4
and extensive surgical intervention
5
6  Skin necrosis requiring surgical debridement or split skin graft
7 Arteriovenous fistula formation requiring endovascular repair or surgical repair
8  Deep venous thrombosis requiring long-term anticoagulant therapy or Iytic therapy
9
1

1 Discoloration that resolves after six weeks

2 Ecchymosis that limits the patient to wearing posttreatment compression stockings

3 Erythema self-limiting after two weeks

4 Posttreatment pain requiring no additional treatment

5  Superficial thrombophlebitis requiring analgesics for two weeks or no additional therapy
6

7

8

Pulmonary embolism requiring anticoagulant therapy or surgical therapy due to hemodynamic instability

Lymphocele requiring drainage or lymphorrhea with permanent debilitating edema or continuous lymphorrhea
0 First-degree thermal injury requiring no additional treatment, second-degree thermal injury requiring a topical agent, or third-degree
thermal injury requiring surgical intervention
11 Transient ischemic attack resolved within 24h or stroke resulting in mild or temporary cognitive function impairment or stroke with
permanent disability and inability to live independently

Telangiectatic matting requiring additional sclerotherapy or endovenous therapy or no additional therapy
Contact allergy to plaster requiring use of a different plaster
Incomplete obliteration requiring reintervention or no additional intervention
9  Migraine including migraine aura, requiring triptan therapy after sclerotherapy
10 Hyperpigmentation resolved within 12 months
11 Paresthesia resolved within 12 months
12 Posttreatment pruritus causing skin rash due to scratching

ICU: intensive care unit; IV:

Image reprinted from reference 34. Use is per the Creative Commons Attribution (CC BY) license.

sclerotherapy.®® The authors of this trial did, how-
ever, note that long-term effectiveness needed

additional evaluation.

Treatment Discussion That May be
Covered for Advanced Classification

(C3 and higher)

As mentioned, VVs are noted at level C2 in the
CEAP classification. Conditions rated higher
than C2 are related to CVI and treatments may
not be covered by insurance due to differences
in approval of treatments for higher levels of
classification. Many of these treatments are
specific for first-line options depending upon the
CEAP grade as well as the specific vein location.
Therefore, only an overview will be discussed for
additional treatment options. Both ambulatory,
micro-phlebotomy, and transilluminated power
phlebotomy have data indicating benefits of
post-procedural evaluations.® A study published
in 2022 noted that patients who underwent

subfascial endoscopic perforator surgery (SEPS)
along with EVLT had outcomes that showed
reduced blood loss, operative time, hospital-
ization time, and stress response on the body,

as well as improved treatment effect.?® Stab
phlebotomy, also known as hook phlebectomy,
mini-phlebectomy, and ambulatory phlebectomy,
was used prior in conjunction with vein stripping
or ligation, but currently is used with ablation

of the saphenous vein. More advanced surgical
techniques such as stent implantation and bypass
surgery are typically reserved for patients with
advanced CVI who have failed previous interven-
tions.! Valvuloplasty procedures, where a valve
from either the axillary or brachial vein is used
for surgical reconstruction of incompetent valves,
are also reserved for patients with more advanced
disease.! Earlier referral to a vascular surgeon for
VVs, however, should be considered if the patient

is at risk for thromboembolism after treatment

or if the patient develops severe CVI that would

warrant a surgical intervention.’

Treatment Options &
Complications

VVs can increase the potential for superficial
thrombophlebitis, pain, external hemorrhage,
and progressive disease that may include the
development of leg ulcers, infection, and other
signs of CVL.5¢ Complications of treatments can

612 staining of the skin,

include recurrence of VVs,
nerve injury, thrombophlebitis, bleeding, and
allergic reactions.® Weighing the risk/benefit ratio
for treatment will be important, as well as dis-
cussing costs, particularly if the cost of the chosen
procedure is not covered by health insurance.
Additional complications of treatments for VVs

are noted in Table 2, which is a consensus of

43 clinicians that includes 12 major and 12 minor

Continued on page 45
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complications that should be communicated to
patients who are considering treatments includ-
ing sclerotherapy, open surgery, and endovascular

treatments.

Prevention

Counseling patients to elevate legs and monitor
skin for changes should be part of routine com-
munication for prevention of VVs."? Predisposing
factors, such as being overweight or obese, and
sedentary lifestyle risks should be communicated
with patients to reduce the development of VVs
as well as stall the progression time to later-stage
CVI.2 In female patients, risks regarding pregnan-
cy and the use of estrogen supplements should be
discussed as preventtive measures, particularly if

there is a family history of VV.

“Varicose Veins of the Lower Extremities: A Prim-
er Part I” appeared in the August issue of Lower
FExtremity Review and can be found here: https;//
lermagazine.com/article/varicose-veins-of-the-

lower-extremities-a-primer-part-i

Angela Kelley, PA-C, is Associate Professor

and Director of Didactic Education, Physician
Assistant Program at Gannon University in
Ruskin, Florida, and a Regional Director Health
Coach with Optavia (www.optavia.com/us/en/

coach/angela).
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Can Biofeedback Improve Biomechanical

Factors Associated with CAI?

By SEYED HAMED MOUSAVI, FATEME
KHORRAMROO, HOOMAN MINOONEJAD, AND
JOHANNES ZWERVER

Restoring correct ankle
biomechanics is essential
for maintaining long-term
joint health of the ankle in
patients with chronic ankle
instability.

Lateral ankle sprain (LAS) is 1 of the most
common musculoskeletal injuries in athletes

and the general public. Incomplete recovery and
inadequate restoring of function due to lack of
appropriate rehabilitation can lead to chronic an-
kle instability (CAI). Loss of passive ligamentous
stability and deficits in neuromuscular control
and strength reduce the ability to protect the joint
from sudden perturbation, further exacerbating
the risk of re-injury. CAI alters normal biome-
chanics to a greater ankle inversion and laterally
deviated center of pressure (COP), thus increases
risk of recurrent giving-way of the ankle, ligament
sprains, and back pain through changes in the
kinematic chain over time. This can also result

in abnormal stresses across the talar cartilage
(post-traumatic osteoarthritis development).
Therefore, restoring correct ankle biomechanics
is essential for maintaining long-term joint health
of the ankle in patients with CAI.

Biofeedback may alter the biomechanics of
lower extremities in patients with CAIl. How-
ever, no systematic review with meta-analysis
reviewing the studies investigating the effect of
biofeedback on biomechanical factors associated
with CAl has been published. Therefore, this

study aimed to systematically review the litera-

lagsgsssdinas

ture on the effect of gait training and biofeedback

on biomechanical parameters in individuals with
CAl and conduct a meta-analysis. The research
question of this study was: can biofeedback im-

prove biomechanical factors associated with CAI?

Methods

The study authors searched 4 databases in-
cluding PubMed, Web of Science, Scopus, and

Embase from their inception through June 30,

2022. The Downs and Black appraisal scale was
applied to assess quality of included studies.

Two reviewers screened studies to identify those
reporting the effect of biofeedback on biomechan-
ical factors associated with CAlL. Outcomes of in-
terest were kinetics and kinematics. Two authors
separately extracted data from included studies.
Data of interest were study design, number of
sessions, intervention, tools, outcomes, number,

sex, age, height, and body mass of participants.

This article has been excerpted from “Effects of biofeedback on biomechanical factors associated with chronic ankle instability: a systematic
review with meta-analysis.” BMC Sports Sci Med Rehabil 15, 168 (2023). https://doi.org/10.1186/s13102-023-00780-7. Editing has occurred,
including the renumbering or removal of tables and figures, and references have been removed for brevity. Use is per CC Attribution 4.0

International License.
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leading to a total of 13 included studies.

Results
Thirteen studies with a total of 226 participants

were included. Biofeedback was capable of shift-
ing COP and lateral plantar pressure medially
and reducing foot inversion, adduction, propul-
sive vertical ground reaction force (vGRF), ankle
joint contact force, peak pressure, and pressure
time integral in the lateral midfoot and forefoot.
Auditory biofeedback had a greater impact on
modifying plantar pressure in individuals with
CAl The meta-analyses revealed that visual bio-
feedback reduces peak pressure in lateral midfoot
and pressure time integral at lateral and medial

heel and pressure increases under the hallux.

Discussion

The study authors aimed to systematically review
the effect of gait training and biofeedback on bio-
mechanical parameters in individuals with CAI.
Thirteen studies were included. Three studies
assessed visual, 2 assessed auditory, and 1 study
assessed both visual and auditory feedback. Two
studies assessed a novel device and 5 investigated
vibration feedback. The following biomechanical
variables were assessed in the included studies:
ankle, knee and hip kinematics, plantar pres-
sure, COP, vGRE joint contact force (JCF), and
maximum Force. Moderate evidence suggests
that visual biofeedback results in a significant
decrease in pressure time integral in lateral and
medial heel and significant increase in hallux and
decreased peak pressure in total foot and lateral
mid-foot. There was no significant difference in
pressure contact time and pressure contact area.
There is moderate evidence that visual
biofeedback to individuals with CAl is effective
in reducing pressure time integral in medial
and lateral heel, reducing peak pressure, and in
increasing pressure time integral in hallux. All in-
cluded studies support the use of visual, auditory,
haptic, and the novel devices biofeedback during
gait and different tasks on lower limb biomechan-

ics in individuals with CAL

Effect of a gait-training device
Gait training with the novel device decreased

pressure on the lateral column of the foot and

shifted the COP medially during the stance phase
and increased peroneus longus muscle activity
with large effect sizes for all comparisons. In
comparison, a systematic review assessing the
effect of kinesio-taping in individuals with CAI,
concluded that kinesio-taping reduces muscle
activity of the peroneus longus and range of
motion on inversion and eversion. Due to the
small sample size and short follow-up, the study
authors stated that they cannot speculate on the
long-term effects or utility of the gait training

device in a clinical setting.

Effect of vibration biofeedback

None of the 5 studies investigated the long-term
effect of vibration feedback in individuals with
CAL COP shifted medially in 1 study, but the
study was laboratory-based and had a small sam-
ple size. Two laboratory-based studies showed
significant decrease in joint and ground forces
and real-world showed no difference in vGRF
loading rate. Vibration feedback can improve

gait mechanics in this small sample size after
laboratory training but not real-world training.

A single session of real-world gait retraining

with vibration feedback decreased lateral COP
during gait and excessive inversion and adduc-
tion during loading response, that are 2 risk
factors for recurrent ankle sprains. However,
real-world training probably has better frontal
plane alterations although a longer training time
is required due to practice variability such as
changing speed, walking surfaces which improves

immediate motor learning outcomes.

Effect of visual biofeedback

Using external biofeedback (the use of laser for
feedback comparing to video or mirror) during
early phases of task learning and especially when
manipulating an automated skill such as walking
leads to greater motor learning, retention, and
longer lasting improvements. Further refinement
for cues or low-cost gait training interventions
might be required to modify plantar pressure
measures. The results regarding the medial shift
of plantar pressure and COP measures in the
shoe-mounted laser study are compatible with
the suggestions to alleviate lateral COP during
walking. Visual feedback with the use of laser is

clinically available. In previous studies, 4 weeks

of balance training was ineffective at improving
inversion/eversion. Kinematics and compre-
hensive rehabilitation were also incapable of
restoring normal gait and specifically targeting
the gait is required. The study by Koldenhoven
et al proposes that to immediately alter gait
biomechanics, a specific training program that
addresses the kinematics and kinetics outcomes
should be included in standard rehabilitation pro-
cedures. It is unclear how long-lasting the effects
of visual feedback on ankle inversion angle would
be, as the study is lab-based. The shoe-mounted
laser technique is clinically available; however,
its effectiveness was assessed in a single session
of gait training. A previous study examined the
effects of midfoot strike gait retraining in healthy
individuals, used multiple sessions; no difference
was observed in loading rate and in promoting a
midfoot strike versus rearfoot strike after remov-
ing the visual feedback. In the study by Kolden-
hoven et al, 8 weeks of kinematic feedback during
walking resulted in decreased inversion at initial
contact and decreased peak inversion across the
entire stance phase. While the Koldenhoven
results showed no significant differences in initial
contact, these differences can be explained by
the timing of the feedback. The visual kinematic
feedback was given simultaneously with initial
contact, requiring participants to actively adjust
their contact for successful outcome. In contrast,
the vibration feedback was given later in the

gait cycle, allowing participants to make changes
only during the loading phase. Changing initial
contact with vibration feedback would require
transferring the new kinematic pattern without
feedback. This transfer likely did not occur after
1 session. Thus, the timing of feedback during
the gait phase may affect immediate results, but
more research is needed to confirm. However,
these changes were not clinically meaningful
considering their small percentage changes and

effect sizes for the real-time video feedback.

Effect of auditory biofeedback

The auditory biofeedback was effective in reduc-
ing plantar pressure on the lateral part of foot
and changing the COP medially. The device is
available to clinicians but a longer follow-up peri-

od is required to support the potential effects on



treating patients with CAl. According to evidence,
postural control continuously improves when bal-
ance training is used along with an external focus
of attention. Individuals with CAI relied more on
visual stimulus and traditional balance-training
programs are not capable of altering the visual
reliance.

After evaluating the findings of includ-
ed studies, it is evident that various forms
of biofeedback are able to correct lower limb
biomechanics. However, when comparing the
different types of biofeedback, it is notable that
external feedback achieved better effects on out-
comes than internal biofeedback and auditory
biofeedback achieved better results in plantar
pressure; further investigation is required to
determine which mode of external feedback or a
multimodal biofeedback is most appropriate in
individuals with CAI.

All included studies investigated the young
population and many were strongly lab-based.
Moreover, according to the results of this study,
assessing muscle activity is required in future
investigations. Investigations in muscle perfor-
mance is required in future studies in order to
alter gait mechanics in individuals with CAI.

To be able to apply results to geriatric practice,

future studies should focus on biofeedback sys-
tems that facilitate implementation in everyday
clinical practice and enable for practicing of
tasks that resemble everyday life challenges.

Recent progress in technology for wearable,

wireless systems to monitor human motion can

ease the development of biofeedback systems
used in the everyday home environment.
Since all of the assessed biomechani-
cal factors contribute to CAl, investigation
on other factors leading to recurrent LAS is

recommended.

Conclusion

This systematic review with meta-analysis

shows that biofeedback-gait-training has a pos-

itive effect on CAI and results in improvement

of biomechanical outcomes (ie, plantar pressure,

vGREF, JCF, COP, ankle inversion) and leads

to a more normal gait pattern. However, more

studies are required to support these results and
assess long-term effects and clinical consequenc-

es of biofeedback or a combination of feedback

on CAl in different age groups. Clinicians

should consider using low-cost, user-friendly

biofeedback devices in order to implement these

findings in real-world conditions. By using

appropriate feedback interventions, ultimately
LAS and CAI can be prevented and/or treated
in a more specific way by reducing plantar pres-
sure and ankle inversion angle and improving

function of the foot.
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Analysis of Ankle Instability and

Posterior Malleolus Fractures

BY JICHONG YING, JIANLEI LIU, HUA WANG,
YUNQIANG ZHUANG, TIANMING YU, SHUAIYI
'WANG, AND DICHAO HUANG

Posterior malleolus
fractures have been
associated with ankle
instability because the
ligament pull that follows
such fractures can lead
to movement of the
fracture fragment and
consequently disrupt the
weight-bearing surface’s
integrity.

Posterior malleolus fractures have a reported
prevalence spanning 10% to 44% of all ankle
fractures and are known to be associated with
ankle instability and a heightened development
of complications like traumatic arthritis. This
adverse sequela is primarily attributed to the dis-
rupted and intermittent contact of the articular
surface, leading to degenerative changes over
time. Such clinical observations have empha-
sized the acute intervention these fractures re-
quire and have accentuated the need to elucidate
the underlying pathological mechanisms and
biomechanical nuances driving their occurrence,
comprehension of which holds the promise of
paving the way for innovative, patient-specific
treatment.

The complexities involved in obtaining
precise laboratory-based spatial pressure mea-

surements of the ankle highlight the significance

Figure 1: Comparison of the intact bone and 5 different fracture line locations. The top left image displays
the intact bone, while the remaining images present varying sagittal angles from 12° to 60°

of exploring the biomechanical implications of

these fractures. Thus, this study aimed to identi-
fy stress concentration zones and understand the
influence of sagittal angles on stress distribution

in order to bridge the knowledge gap.

Methods

Data collection protocol began with the ac-
quisition of 3D computed tomography (CT)
scans from consenting, healthy volunteers.
Special emphasis was placed on ensuring that
the subjects maintained a neutral foot position
throughout the scanning process, minimizing
potential variations and artifacts. Spanning the

length of the tibia to the depths of the foot, this

rigorous scanning regimen produced a volumi-
nous dataset of 380 high-resolution CT images
of the right foot.

Within the study authors’ finite element
analysis (FEA) project, they mapped the intricate
contact interfaces between the articular cartilage
and the underlying bone. Bridging different
skeletal components, they synthesized a compre-
hensive static analysis model, which represented
the full biomechanical gamut of the ankle joint.
FEA was utilized to examine the stress distribu-
tion across the contact surface of the ankle joint,
both in its natural state and under varied sagittal

fracture line angles. (Figure 1)

This article has been excerpted from “Biomechanical insights into ankle instability: a finite element analysis of posterior malleolus fractures.”
Journal of Orthopedic Surgery and Research. 2023;18(1):957. https://doi.org/10.1186/513018-023-04432-x. Editing has occurred, including the
renumbering or removal of tables and figures, and references have been removed for brevity. Use is per CC Attribution 4.0 International License.
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Continued from page 53

Results

Three distinct stress concentration zones were
identified on the ankle’s contact surface: the
anterolateral tibia, the anteromedial tibia, and
the fracture line (Figure 2).

The most significant stress was observed
at the fracture line when a fracture occurs.
Stress at the fracture line notably spikes as the
sagittal angle decreases, which can potentially
compromise ankle stability. Larger sagittal angles
exhibited only minor stress variations at the
contact surface’s 3 vertices. It was inferred that
sagittal angles below 60° might pose risks to
ankle stability. (Figure 3)

Discussion
FEA was employed in this study to provide

insights into the stress distribution across the
contact surface of the ankle joint, both in its
natural state and under varied sagittal fracture
line angles. Historically, posterior malleolus
fractures have been associated with ankle
instability. This is because the ligament pull that
follows such fractures can lead to movement of
the fracture fragment and consequently disrupt
the weight-bearing surface’s integrity. Given

the intrinsic difficulties associated with obtain-
ing precise laboratory-based spatial pressure
measurements of the ankle, this research offers a
contribution.

The study authors indicated that the
alignment of their model’s stress predictions with
those reported in empirical studies underscores
its potential utility in a clinical setting. The max-
imum contact stress identified is particularly sig-
nificant given its proximity to the values reported
in cadaveric studies, which are often considered
the gold standard for biomechanical analysis.
This suggests that the model can reliably approx-
imate in vivo conditions, providing a valuable
tool for presurgical planning and postoperative
evaluation. However, it is critical to note that
while the model’s contact stress predictions are
within the range of those found in the literature,
the exact values may vary due to differences in
methodology, sample size, and the biomechani-
cal properties assigned to the tissues in different

studies. Despite these potential variations, the
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Figure 2: Area A is situated in the anteromedial quadrant of the tibia, while Area B is localized to the

depressed contour of the anterolateral tibial surface.

consistency of the results herein with those of
Kimizuka et al and Guan et al reinforces the
robustness of this modeling approach.

Through meticulous modeling, this study
has brought to light 3 distinct stress concentra-
tion zones on the ankle’s contact surface, namely
the anterolateral tibia, the anteromedial tibia,
and the fracture line itself. Notably, any fractures
can potentially shift the apex of this stress triad,

paving the way for possible ankle instability.

While past studies have often generalized the
stress distribution, the findings herein under-
score the nuanced alterations that fractures
introduce to the stress landscape. Moreover,
these stress hotspots also align with frequently
observed clinical fracture sites, shedding light on
the interplay between stress redistribution and
the biomechanical consequences of fractures.
One of the standout revelations of this

investigation is that the most significant stress
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Figure 4: Contact pressure peaks at different fracture angles. Area A is situated in the anteromedial quad-
rant of the tibia, while Area B is localized to the depressed contour of the anterolateral tibial surface.
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is exerted at the fracture line when a fracture
occurs. Delving into the data presented in Figure
4, it becomes evident that larger sagittal angles
(relating to smaller fracture fragments) see the
stress points at the contact surface’s 3 vertices
exhibit only slight variations. In contrast, as the
sagittal angle diminishes, stresses at both the
posterolateral and posteromedial tibia largely
remain static, but there is a notable spike in
stress at the fracture line. Such stress escalation
can compromise ankle stability. Past research
endeavors have pointed out that an increase in
joint contact stress, caused by fracture frag-
ments, is a crucial factor influencing the onset
of post-traumatic arthritis. The study presented
here suggests that sagittal angles below 60°
might pose considerable risks to ankle stability.
Thus, careful evaluation of the sagittal fracture
angle can be pivotal for informed therapeutic de-
cision making. Prolonged stress exertion on the
soft tissues at the fracture site might also hasten
the onset of traumatic arthritis. Earlier works
have identified a robust link between extensive
ankle fracture fragments and the emergence of
traumatic arthritis, emphasizing the need for
internal fixation in cases where the fractured
articular surface area of the posterior malleolus
exceeds 25%. The present study reinforces these
viewpoints.

The inclusion of average contact pressure
data in this analysis provides a more nuanced
understanding of the stress distribution across
the contact surface of the ankle joint. As
observed, the average contact pressure slightly
diminishes with larger sagittal angles. This ob-
servation suggests that while peak stress concen-
trations are critical for assessing the risk of acute
damage at specific points, the average stress
distribution also has implications for the overall
biomechanical integrity of the joint. Specifically,
the reduction in average contact pressure at
larger angles may reflect a distribution of force
that could mitigate the risk of concentrated stress
leading to fracture propagation or joint degen-
eration.

Heralding the merits of FEA, this research
showcases its potential as an indispensable tool
for a deeper understanding of posterior malleo-

lus fractures. It provides clinicians with granular

Figure 3: Stress distribution of the contact surface for different models.

data about stress distribution alterations across
various sagittal angles, thus enriching the
decision-making process, especially concerning
treatment interventions. The inferences drawn
from this study hint that surgical procedures
might be essential for fractures with reduced
sagittal angles to prevent joint instability and the

possible complications that may ensue.

Conclusion
The present study, utilizing FEA, has illuminated

the intricacies of stress distribution across the

The study presented
here suggests that
sagittal angles below 60°
might pose considerable
risks to ankle stability.

ankle joint’s contact surface, both in its natural
state and when subjected to different sagittal
angles of fracture lines. The findings accentuate
the pivotal role of the contact surface in ensuring
ankle stability and the subsequent alterations
that fractures can introduce to its stress profile.
This research has identified 3 specific zones of
stress concentration, with fractures having the
potential to shift the peak stress, which may
lead to ankle instability. Furthermore, the study
highlights the significance of sagittal angles in
determining the stability of the ankle post-frac-
ture. A sagittal angle below 60° is identified as
a potential risk factor for compromised ankle
stability. This provides a crucial reference point
for clinicians, assisting in the decision-making

process for therapeutic interventions.

Jichong Ying, Jianlei Liu, Hua Wang, Yungiang
Zhuang, Tianming Yu, Shuaiyi Wang, and
Dichao Huang are affiliated with the Department
of Orthopaedic Trauma, Ningbo No.6 Hospital,
Ningbo, China.
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Available exclusively through
Justin Blair & Company

Dermatonics Deodorising Fizzy Foot Foam is
the perfect solution for anyone who wants to
keep their feet cool, fresh, and comfortable
throughout the day. This unique, fizzing foot
foam provides an instant cooling and refresh-
ing sensation, while also deodorizing and
revitalizing the skin. The fizzing sensation pro-
duced by the foam helps revive and rejuvenate
the skin. The formula features menthol and
New Zealand manuka honey, which work to-
gether to provide a powerful exhilarating effect
for your feet. This product is an innovative and
refreshing formula that provides long-lasting
comfort and freshness while soothing tired and

sore feet.

Justin Blair & Company
800/566-0664

Jjustinblairco.com

Patented ToeMate® Kits include a microwave-
able soaking bowl, pretreatment and thermal
chemistry, footrest, and instructions. Infected
nails are pretreated with salicylic acid followed
by soaking in warm bis (hydrogenated tallow
alkyl) dimethyl quaternary chlorides (QAC)
and poly (hexamethylenebiguanide) hydro-
chloride (PHMB) dissolved in water for 10 to

15 minutes once daily. Company data suggests
that QAC and PHMB both penetrate the nail
and exhibit antibacterial, virus, yeast, and mold
activity, so additional conditions may also be
treated including bacterial infections, ony-
cholysis, paronychia, and psoriasis. The active
ingredients in ToeMate Kits have been safely
used in personal care products and public

water treatments for over 60 years.

Innovation Biomedical Devices
650/200-8584 thetoematestore.com

Enovis™ recently unveiled its Scandinavian Total
Ankle Replacement (STAR® Ankle). Recent
U.S. Food and Drug Administration approval
makes this product the first and only mobile
bearing ankle system in the United States
produced with e+™ Polyethylene in the United
States. The e+™ Polyethylene insert contains
the free radical-neutralizing antioxidant vitamin
E; as a result, the material resists oxidation

and maintains consistent wear rates and stable
mechanical properties over time, and will offer
improved durability, stability, and longevity. In
contrast, other highly crosslinked polyethylenes
are remelted during manufacturing to neutralize
free radicals, a process that can reduce their

mechanical strength by up to 12%.

Enovis
800/336.6569

enovis.com

Hanger, Inc., along with the American Orthotic
and Prosthetic Association (AOPA), announced
the creation of the Dr. James H. Campbell
Commitment to Outcomes Award during the
General Session at the annual AOPA National
Assembly. The award was created to honor
Hanger Senior Vice President and Chief Clin-
ical Officer Jim Campbell, PhD, CO, FAAOP,
for his exceptional contributions to the orthotic
and prosthetic (O&P) field, and as part of
Hanger’s commitment to advance the science
of care across the profession. The inaugural
award is slated for presentation at the 2025
National Assembly.

“Jim's impact to the O&P profession has
been transformative, driving a focus on the
importance of clinical outcomes,” said Hanger
Chief Executive Officer Pete Stoy. “Because
of his instrumental efforts, clinical success is
measured by the quality of patient care and
the outcomes that are delivered. There’s no
doubt the profession is better because of Jim’s
commitment to excellence.”

As part of establishing the annual award,
Hanger will donate $100,000 to AOPA, with
the recipient being determined by AOPA’s
board of directors following a formal nom-
ination process. The award will recognize
an individual who has made significant and
outstanding contributions to the field through
exceptional dedication to achieving the best
clinical outcomes for patients.

“AOPA is honored to partner with Hanger
to award the Dr. James H. Campbell Com-
mitment to Outcomes Award,” said AOPA
Executive Director, Eve Lee, MBA, CAE. “Dr.
Campbell truly is a visionary and bestow-
ing this award on others who make similar
substantial contributions to the field will only
further the profession and its impact on those
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Every year, the award recipient will re-
ceive a $3,000 honorarium, in addition to fully
paid airfare, accommodations and registration
at the National Assembly. More information
about the recognition will be available on
AOPA’s website in spring 2025, when the

nomination process opens.

Perceptive Solutions’ WoundZoom PRO is

an advanced application that gives healthcare
providers a more intelligent and efficient way
to manage wound care across a variety of

care settings with its non-contact 3D wound
measurement technology and intuitive work-
flow application that can all be accessed on a
clinician’s smart device. This Health Insurance
Portability and Accountability Act—compliant
digital wound management solution seamlessly
integrates into the provider’s electronic health
records through a cloud-based portal, which
produces practice analytics and census reports
on demand. The WoundZoom system is valued
to elevating clinical and business outcomes.

It is available for download on the Apple App
Store with application access granted with a

user license.

Perceptive Solutions
888/237-0546

perceptivesol.com

Gait analysis is emerging as a valuable, non-in-
vasive complement to cognitive assessments
that aid in early diagnosis and management. In
clinical settings, gait and balance tests typically
focus on a straight walking path. However, re-
searchers at Florida Atlantic University (FAU)
have ventured into a different realm—curved
path walking—a more natural yet complex
activity. Straight walking is a rhythmic and
simpler activity, whereas walking on a curving
path requires greater cognitive and motor skills
such as a transition time to change directions
and correct balance.

College of Engineering and Computer
Science researchers at FAU are the first to
quantitatively compare the performance of
healthy older adults versus older adults with
mild cognitive impairment (MCI) in straight
and curve walking. MCI is the early stage of
cognitive decline and people with MCI have
a much higher risk of transitioning to Alzhei-
mer’s disease (AD).

For the study, researchers used a depth
camera, which can detect and track 25 joints of
body movement, to record study participants’
gait while performing the 2 different walking
tests (straight versus curve). Signals from the
25 body joints were processed to extract 50
gait markers for each test, and these markers
were compared between the 2 groups using
descriptive statistical analyses.

Results showed curve walking resulted in
greater challenges for the MCI group and out-
performed straight walking in detecting MCI.
Furthermore, several gait markers showed
significant differences between healthy controls
and MCI patients.

Gait markers included 2 macro markers
(average velocity and cadence), 24 micro tem-
poral markers (duration of feet for various sub-
phases of the gait cycle, such as stance, swing,
step, and stride phases), micro spatial markers

(location changes of feet for various sub-phases

of the gait cycle), and 6 micro spatiotemporal
markers (velocity of feet for various sub-phases
of the gait cycle). These markers provided
detailed information on the functional perfor-
mance of the participants during the gait tests.
Findings showed that 31 out of 50 gait
markers were greater for the MCI group than
healthy control older adults when the walking
tests changed from straight walking to curve

walking, and 13 markers showed significant

differences between the 2 study groups.

Mahmoud Seifallahi (seated) and Ghoraani review
the performance of straight walking using a depth
camera, which can detect and track 25 joints of
body movement. Image courtesy of FAU College of
Engineering and Computer Science.

“The MCI group exhibited a markedly
lower average step length and speed during
curve walking, coupled with higher variability
across most micro-gait markers,” said Behnaz
Ghoraani, PhD, an associate professor, FAU
Department of Electrical Engineering and
Computer Science, co-director of the FAU
Center for SMART Health, and a fellow, FAU
Institute for Sensing and Embedded Network
Systems Engineering (I-SENSE). “The MCI
group showed diminished symmetry and regu-
larity in both step and stride lengths for curved
walking. They also required extended double
support time in various areas, especially while
changing directions, which resulted in reduced
step speed.”

AD typically manifests as a decline in
cognitive function with a gradual decline in an
individual’s ability to perform daily activities
such as walking. Accurate and early clinical
detection of AD remains a challenge. Typical
clinical evaluations include a detailed history,

comprehensive physical and neurological
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examination, cognitive testing, blood work and
brain imaging. However, depending on the
clinical setting, these methods can be time-con-
suming, costly, and outside some clinicians’
comfort level. These finding fill the gap by
using a novel system to record gait in older
adults employing a non-invasive, low-cost,
non-wearable, and easy-setting depth camera,
which is a crucial step in enhancing patient

care and intervention strategies.

Asst Prof Andy Tay (center) is holding a plaster
pre-loaded with magnetic gel, which promises to
accelerate the healing of diabetic wounds, while
Dr. Shou Yufeng (right) is holding the device for
magnetic stimulation. Dr. Le Zhicheng (left) is
holding a sample of the magnetic gel in liquid form.
Image courtesy of NUS.

A team of researchers from the National Univer-
sity of Singapore (NUS) engineered an innova-
tive magnetic wound-healing gel that promises
to accelerate the healing of diabetic wounds, re-
duce the rates of recurrence, and thus lower the
incidents of limb amputations. Each treatment
involves the application of a bandage preloaded
with a hydrogel containing skin cells for healing
and magnetic particles. To maximize therapeutic
results, a wireless external magnetic device is
used to activate skin cells and accelerate the
wound healing process. The ideal duration

of magnetic stimulation is about 1 to 2 hours.
Lab tests showed the treatment coupled with
magnetic stimulation healed diabetic wounds
about 3 times faster than current conventional
approaches. While the research has focused on

healing diabetic foot ulcers, the technology has

potential for treating a wide range of complex
wounds such as burns.

The unique NUS invention takes a
comprehensive all-in-one approach to wound
healing, accelerating the process on several
fronts. “Our technology addresses multiple
critical factors associated with diabetic wounds,
simultaneously managing elevated glucose levels
in the wound area, activating dormant skin
cells near the wound, restoring damaged blood
vessels, and repairing the disrupted vascular
network within the wound,” said Assistant Pro-
fessor Andy Tay, who leads the team comprising
researchers from the Department of Biomedical
Engineering at NUS College of Design and En-
gineering as well as the NUS Institute for Health
Innovation & Technology.

The specially designed wound-healing gel
is loaded with 2 types of US Food & Drug Ad-
ministration-approved skin cells—keratinocytes
(essential for skin repair) and fibroblast (for
formation of connective tissue)—and tiny mag-
netic particles. When combined with a dynamic
magnetic field generated by an external device,
the mechanical stimulation of the gel encourages
dermal fibroblasts to become more active. Lab
tests showed that the increased fibroblast activi-
ty generated by the magnetic wound-healing gel
increases the cells’ growth rate by about 240%
and more than doubles their production of colla-
gen—a crucial protein for wound healing. It also
improves communication with keratinocytes to
promote the formation of new blood vessels.

“The approach we are taking not only
accelerates wound healing but also promotes
overall wound health and reduces the chances of

recurrence,” said Tay.

A team of researchers from the New Jersey
Institute of Technology (NJIT) have demon-
strated a new method that leverages artificial
intelligence (Al) and computer simulations to

train robotic exoskeletons that can help users

Image courtesy of NJIT.

save energy while walking, running, and climb-
ing stairs. The novel method rapidly develops
exoskeleton controllers to assist locomotion
without relying on lengthy human-involved
experiments. Moreover, the method can apply
to a wide variety of assistive devices beyond the
hip exoskeleton demonstrated in this research.

“It can also apply to knee or ankle exoskel-
etons, or other multi-joint exoskeletons,” said
Xianlian Zhou, PhD, associate professor and
director of NJIT’s BioDynamics Lab. In addition,
it can similarly be applied to transfemoral and
transtibial prostheses, providing immediate ben-
efits for millions of able-bodied and mobility-im-
paired individuals, he said.

This breakthrough holds promise for
aiding individuals with mobility challenges,
including the elderly or stroke survivors, without
necessitating their presence in a laboratory or
clinical setting for extensive testing. Ultimately,
it paves the way for restoring mobility and
enhancing accessibility for everyday in-home or
community living.

“This work proposes and demonstrates a
new method that uses physics-informed and
data-driven reinforcement learning to control
wearable robots in order to directly benefit hu-
mans,” said Hao Su, PhD, an associate professor
of mechanical and aerospace engineering at
North Carolina State University.

The researchers focused on improving
autonomous control of embodied Al systems—
which are systems where an Al program is
integrated into a physical technology. This work
focused on teaching robotic exoskeletons how
to assist able-bodied people with a variety of
movements, and expands on previous reinforce-
ment learning based research for lower limb

rehabilitation exoskeletons, also a collaborative



effort between Zhou, Su, and several others.
Normally, users have to spend hours
“training” an exoskeleton so that the technology
knows how much force is needed—and when
to apply that force-to help users walk, run, or
climb stairs. The new method allows users to
utilize the exoskeletons immediately because
the closed-loop simulation incorporates both
exoskeleton controller and physics models of
musculoskeletal dynamics, human-robot interac-
tion, and muscle reactions, thereby generating
efficient and realistic data and iteratively learn-
ing better control policy in simulation. The unit
is preprogrammed to be ready to use right away,
and it’s also possible to update the controller on
the hardware if researchers make improvements
in the lab through expanded simulations. Future
prospects for this project include developing
individualized, custom-tailored controllers that

assist users for various activities of daily living.

Podiatrists, physical therapists, and other foot
and ankle specialists are increasingly recom-
mending Tread Labs’ semi-custom orthotic
insoles to their patients, citing impressive
outcomes comparable to custom orthotics

at a significantly lower cost to the patients.
The company’s innovative approach includes
offering 4 distinct arch heights—Ilow, medi-
um, high, and extra high. This unique feature
allows for a more tailored fit, addressing a
wider range of foot types and conditions. The
modular 2-part system further enhances af-
fordability, as consumers can easily replace the
foam top covers without the need to purchase
entirely new insoles. Tread Labs’ commitment

to quality and affordability has positioned the

company as a trusted name in the industry,
and is making high-quality foot care accessible

to a broader audience.

Tread Labs
781/435-0662

treadlabs.com

The researchers loaded a silk nanomaterial dressing
with gold nanoparticles to seal and protect diabetic
wounds in mice. Image courtesy of Jordan Yaron.

Arizona State University (ASU) bioengineers
have developed a multistep strategy that applies
different nanomaterials to diabetic wounds at
different times to support both early- and late-
stage healing. Their work showed this method
outperformed a common wound dressing in a
diabetic mouse model, closing wounds faster
and producing more robust skin tissue. The
researchers’ analysis also suggests that their
approach unexpectedly activated an immune
cell population not normally seen in wounds
that can resolve inflammation, which highlights
a new potential avenue to accelerate healing.
For the first step, the team fabricated a
silk nanomaterial dressing embedded with gold
nanorods. Because gold nanoparticles readily
convert light to heat, the team was able to direct
a laser at dressings placed over fresh wounds in
mice, producing heat that quickly sealed them
in place and provided a high level of protection.
The strategy, which the researchers previously
found success with, creates something akin to
an instantaneous scab, said Jordan Yaron, PhD,

a bioengineering assistant research professor

at ASU. This time around, the authors added
histamine to the mix, a natural biochemical
produced by the immune system that plays
important roles in inflammation, blood vessel
development, and allergic reactions.

Inflammation dominates the body’s initial
response to injuries, but eventually subsides
to allow the body to rebuild. However, diabetic
wounds can get stuck in first gear, maintaining
persistent, low-grade inflammation, which can
inhibit the healing process.

“Since the wound is stalled, we wanted to
co-deliver histamine with the dressing, to give
a push and bring the inflammation stage to a
resolution,” said Kaushal Rege, PhD, a chemical
engineering professor at ASU. “Then we could
introduce another strategy to take care of the
subsequent phases of healing.”

The authors monitored the wounded mice
for 11 days and found that animals treated with
a combination of the nanomaterial dressing and
histamine healed at the fastest rate compared
to those treated with the standard dressing with
histamine or the nanomaterial dressing alone.
The researchers mechanically tested the healed
skin as well, finding that the tissue treated with
both the nanomaterial and histamine was stron-
gest and most similar to unwounded skin.

The investigators’ next step in the study
was to see if they could improve healing further
by accelerating the post-inflammation phase
wherein cells proliferate and remodel skin
tissue. In a second set of mice, the authors
followed up their initial treatment with a pair
of nanoparticles they previously developed that
were derived from 2 particular growth factors—
proteins native to the body that promote the
formation of skin tissue.

The team injected the nanoparticles at var-
ious time points into the nanomaterial-dressed
wound bed, finding that delivery on day 6 had
the best outcomes with regard to wound closure
and tissue strength. This time point corresponds
to a transitionary phase in which cells begin pro-
liferating and remodeling tissue. With promising
results in mice behind them, the researchers are
now testing their strategy in larger animal mod-

els more relevant to human health, such as pigs.
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Muscle Hypertrophy & Strength Gains

Vegan vs Omnivorous High Protein Diets
Reference : Monteyne et al. J Nutr 2023 Designed by @YLAMSportScience

22 younqg adults completed a 10 week, high-volume (5 day/week),
progressive resistance exercise program while consuming :

’” An omnivorous A non-animal-derived
"F"" high-protein diet high-protein diet

~2 g/kg/day, meat, milk, ~2 g/kg/day,
yogurt, cheese & whey pulses, soy & vegan
protein supplement protein supplement

—— WHAT DID THEY FIND? ——

Lean mass +26 *11kgvs +3.1+25Kkg
Thigh muscle volume +8.3*36%vs+83+41%
Thigh muscle fiber CSA* +33 + 24% vs +32 £ 48%

Squat (1-RM) +18% vs +35%

Deadlift (1-RM) +17% vs +26%

Bench press (1-RM) +18% vs +28%**

Knee extension (1-RM) +6% vs +6%

*CSA: cross-sectional area, ** significant difference

A carefully designed vegan diet can support optimal
muscle adaptive responses to resistance training

Source: Monteyne AJ, Coelho MOGC, Murton AJ, et al. Vegan and Omnivorous High Protein Diets Support Comparable Daily Myofibrillar Protein
Synthesis Rates and Skeletal Muscle Hypertrophy in Young Adults. J Nutr. 2023;153(6):1680-1695. doi: 10.1016/j.tjnut.2023.02.023.




Children’s Line

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