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The past 8 months have been a whirlwind on so 

many levels that I’ve been forced to take a step 

back and evaluate a lot about my life and my 

work.

Yes, things change, and we have to adapt 

to those changes. But who knew there would 

be so many, and they would come so fast and 

pull in so many directions? I’m sure I’m not the 

only one who’s experienced this whiplash, given 

everything that’s happened in the last 3 years.

On the personal front, I am an only child. I 

lost my my dad when I was 9 and my relation-

ship with my Mom has been somewhat strained 

for more than time than I care to admit. Last 

March, I lost my Uncle, my Mom’s only brother. 

He had been like a father to me and a bastion 

of support for my Mom. Since there are no 

spouses or significant others, it was all on me. 

But I wanted to show up, so I flew from my 

home in Albany down to Florida to be there for 

my Mom. 

 Mom had been dependent on my Uncle, 

so she took his loss hard, but I thought she 

would be OK. My next visit, in late May, was 

supposed to be for a lung biopsy after they 

found a spot on her annual checkup Xray.  But, 

the day before the procedure, I found her on the 

floor. She had fallen and broken her shoulder 

and pelvis. We spent a week in the hospital and 

then she was in rehab for 36 days. My next trip 

was to take her out of rehab and home. This 

went as slow as molasses. Although the facility 

was highly recommended, the care she received 

was sub-par and she came home with multiple 

bed sores and needed in-home nursing which 

didn’t come for a week. I am the father of 4 kids, 

so family stress is not new…but this was next 

level. 

The biopsy results confirmed that she had 

lung cancer. So my next trip down was to take 

her to the hospital for minimally invasive lung 

cancer surgery, which was supposed to be a 

short stay…turned out to be over a week. The 

good news is they successfully removed all the 

cancer. The road to recovery has been a long 

one and my Mom has shown incredible resilien-

cy over the past 8 months. We’ve gotten to know 

each other on a deeper level, and we were able 

to laugh through some pretty dark moments and 

came out in a better place. 

Meanwhile, work—building lerEXPO and 

lerMarketplace—was going gang-busters with 

new events being added each month. While this 

was a good thing, it also meant more of my time 

training speakers and working on proposals and 

brainstorming with new partners. All exciting 

stuff, but it was being crammed in between 

unexpected trips to Florida and AirBnB stays 

where wi-fi was sketchy and finding electrical 

outlets was often a game of hide and seek. 

And then I found a stray kitten on the 

street by my new favorite coffee shop in Florida 

and brought him home to AirBnB #3. Now I 

had vet visits and cat food to think about too. 

But also companionship in my netherworld.

Adopting the cat got me to thinking about 

showing up for other people and about how I 

was only able to show up for my Mom because 

so, so many people had shown up for me. 

And the same was true for work. Never had I 

counted on all those people who support me 

everyday so much. Family, friends, business 

colleagues—all those people who encourage me 

everyday to bring my best game to whatever I’m 

doing—all those people who help fill my tank 

when it’s running low…and the important lesson 

in all this is this: I had to let them. I had to ask 

for the support I needed because I couldn’t have 

supported my Mom without their help. And 

the same with the business: I had to rely on my 

staff to keep things moving and I had to rely on 

event sponsors and speakers to keep to their 

schedules so I could manage mine and be where 

I needed to be. Sounds simple, and it is, but it 

is all dependent on a willingness to be part of 

something greater, to help others chase their 

dreams while you pursue yours. 

That old adage is true: No one knows what 

anyone else is going through at any given time, 

so it is super important to be loving, supportive, 

and understanding. Life happens to all of us. 

It’s not what happens to us that matters. What 

matters is how we respond. 

So to all those who have encouraged me 

and prodded me along the way, I see you, and 

appreciate you. And we—the staff at Lower Ex-

tremity Review, also want to thank our numer-

ous advertisers and sponsors, our distinguished 

Editorial Advisory Board members, and all the 

authors, reviewers, and speakers who have 

provided their expertise in one way or another 

this past year (see list). 

2022 has been a whirlwind, but to 2023 I 

say, Bring It On! 

Publisher’s Memo
Everything All At Once
By Rich Dubin, Publisher
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ShortTakes From the  LITERATUR
AACE ALGORITHM FOR DIABETIC 
PERIPHERAL NEUROPATHY 
Despite major advances in elucidating the pathogenesis of diabetic 

peripheral neuropathy (DPN), there remains a lack of disease-modifying 

treatment options in individuals with diabetes. Currently, there is no 

convincing evidence supporting glucose control or lifestyle management 

as therapies for neuropathic pain in diabetes or prediabetes. At present, 

among pharmacological options, pregabalin and duloxetine are oral 

agents that have received regulatory approval from FDA for the treatment 

of neuropathic pain associated with DPN and are effective for DPN pain 

reduction when using patient-reported outcomes. In addition, based on 

evidence from 2 large 12-week randomized multicenter trials in 2020, 

the FDA approved the cutaneous concentrated capsaicin 8% patch that 

works by desensitizing and interfering with the function of the transient 

receptor potential vanilloid 1 receptor, a protein involved in pain signal-

ing. However, the patch needs to be applied for ~30 minutes and can be 

done only in the office with a physician present. The opioid, tapentadol, 

has received regulatory approval in the United States and Canada, but 

evidence for its use is, at best, inconclusive, and the American Diabetes 

Association and other organizations strongly recommend against using 

any opioids for management of DPN pain. Reviewing evidence for the va-

riety of agents that can modify DPN pain, one should use a stepwise ap-

proach and consider an individual’s comorbidities, socioeconomic status, 

and potential drug interactions. Nonsteroidal anti-inflammatory agents 

should be avoided for chronic pain management in persons with diabetes 

due to adverse kidney effects. Given the high risk of addiction, abuse, 

sedation, and other complications and psychosocial issues, even with 

short-term opioid use, opioids are not recommended in the treatment of 
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painful DPN. High frequency (eg, 10 kHz) spinal cord stimulation is a 

nonpharmacological approach that may be effective in persons with pain-

ful DPN that failed at least 1 medication, as suggested by a recent large 

RCT, leading to FDA approval in 2021 (See algorithm, page 13).

Regular aerobic, strengthening, and balance exercise, alone or in 

combination; reduction of sedentary behavior; and dietary modification 

aimed at reducing calorie intake and increasing plant-based foods and 

polyunsaturated fats have all demonstrated positive outcomes for indi-

viduals with DPN, including for neuropathic pain reduction. Small-fiber 

neuropathies should be managed with foot protection (eg, padded socks); 

supportive shoes with orthotics, if necessary; regular foot and shoe in-

spection; prevention of heat injury; and use of emollient creams. Regular 

foot and nail care by a trained professional is recommended. Advanced 

stages of large-fiber neuropathies may require a  multidisciplinary 

approach to include strategies to enhance muscle strength, gait, and 

balance training; titrate any pain or other medications that could promote 

dizziness and other side effects affecting gait and balance; orthotics to 

treat and prevent foot deformities; tendon lengthening for pes equinus 

from Achilles tendon shortening; and/or surgical reconstruction in case 

of deformities. 

Source: Blonde L, Umpierrez GE, Reddy SS, et al. American Associa-

tion of Clinical Endocrinology Clinical Practice Guideline: Developing a 

Diabetes Mellitus Comprehensive Care Plan-2022 Update. Endocr Pract. 

2022;28(10):923-1049. doi: 10.1016/j.eprac.2022.08.002.

REVIEW FINDS 6 TREATMENTS HELP 
PATELLOFEMORAL PAIN
Researchers in Australia and Britain sought to understand the effects of 

non-surgical treatments on pain and function in people with patellofem-

oral pain (PFP). After reviewing the findings from 65 randomized con-

trolled trials they found 6 interventions with positive effects at 3 months 

in people with PFP. Those interventions include:

Four interventions that demonstrated short-term primary efficacy: 

• knee-targeted exercise therapy for pain (SMD 1.16, 95% CI 0.66, 

1.66) and function (SMD 1.19, 95% CI 0.51, 1.88)

• combined interventions for pain (SMD 0.79, 95% CI 0.26, 1.29) 

and function (SMD 0.98, 95% CI 0.47,1.49), 

• foot orthoses for global rating of change (OR 4.31, 95% CI 1.48, 

12.56), and 

• lower-quadrant manual therapy for pain (SMD 2.30, 95% CI 1.60, 

3.00). 

Two interventions demonstrated short-term secondary efficacy: Com-

pared to knee-targeted exercise therapy:

• hip-and-knee-targeted exercise therapy for pain (SMD 1.02, 95% CI 

0.58,1.46) and function (SMD 1.03, 95% CI 0.61, 1.45), 

SUGGESTED READING

For 10 years, John O’Sullivan, founder 

of the Changing the Game Project and 

Way of the Champions Podcast, has 

published his books of the year. Here’s 

what he has to say for 2022:

Do Hard Things: How We Get Resilience 

Wrong and the Science of Real Toughness by Steve Magness. “a fan-

tastic read on the science of resilience… If you want to learn how to 

develop tougher, more resilient athletes, and understand the science 

behind it, this book is for you.”

The Tyranny of Talent: How it Compels and Limits Achievement, and 

Why You Should Ignore It by Joe Baker. “a wonderful read for coach-

es…and parents… Baker lays out a very nuanced view of talent, and 

explains many of the myths around it and why we get identification 

wrong so often.”

Take Back the Game: How Money and Mania Have Ruined Youth 

Sports, and Why it Matters by Linda Flanagan. “This book provides 

an up to date analysis of the issues that parents and athletes face in 

North American youth sport, as well as recent statistics around partic-

ipation, dropout, injuries, etc.”

The Culture Playbook by Dan Coyle. A follow-up to Coyle’s bestseller, 

The Culture Code, this is “a great book to work through with any 

team, as it is full of activities and ideas to promote healthy conversa-

tion, establish and define core values, and provide a safe, inclusive 

environment that will allow your athletes to thrive.”

A Dream Worth Fighting For by Tim Hightower. The former run-

ning back for the Washington Commanders (formerly known as the 

Redskins) suffered a torn ACL in his left knee during a game and 

spent 4 years in recovery and rehab including 5 surgeries. This is his 

recovery story of resilience and inspiration. 

John O’Sullivan started the Changing the Game Project in 2012 after 

two decades as a soccer player and coach on the youth, high school, 

college and professional level.  He is the author of two #1 bestselling 

books, Changing the Game: The Parents Guide to Raising Happy, 

High Performing Athletes, and Giving Youth Sports Back to our Kids 

and Every Moment Matters: How the World’s Best Coaches Inspire 

Their Athletes and Build Championship Teams. He also hosts the 

Way of Champions podcast, which can be found through the website 

changingthegameproject.com.
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• and knee-targeted exercise therapy and perineural dextrose injection 

for pain (SMD 1.34, 95% CI 0.72, 1.95) and function (SMD 1.21, 

95% CI 0.60, 1.82). 

Source: Neal BS, Bartholomew C, Barton CJ, Morrissey D, Lack SD. Six 

treatments have positive effects at 3 months for people with patellofemoral 

pain: a systematic review with meta-analysis. J Orthop Sports Phys Ther. 

2022;52(11):750-768. doi: 10.2519/jospt.2022.11359.

LOSS OF TRAINING DUE TO COVID 
UNPREDICTABLE

A recent study from the Polish Academy of Sciences looked at the 

number of training days lost due to COVID-19 and vaccination against 

COVID-19 in elite athletes. The retrospective survey of 1,073 elite athletes 

found that 

• Absence in sport resulting from COVID-19 is unpredictable in time 

and considerably higher than after other respiratory diseases.

• Vaccination against COVID-19 causes significantly smaller loss, 

moreover, the date of vaccination can be planned at a convenient 

time or even off-season, additionally limiting the loss.

• The prevention policy for athletes should include vaccination 

whenever available, as the benefit-loss ratio strongly favors 

vaccination. 

Source: Krzywański J, Mikulski T, Krysztofiak H, et al. Vaccine versus 

infection – COVID-19-related loss of training time in elite athletes. J Sci 

Med Sport. 2022: https://doi.org/10.1016/j.jsams.2022.10.004

POPULAR DIABETES DRUGS COMPARED 
IN LARGE TRIAL
Metformin has long been considered the first-line medication for type 2 

diabetes mellitus (T2DM). Combined with diet and exercise, the 3-part 

treatment regimen has been considered the best early approach to 

diabetes care. But when blood glucose becomes difficult to control and 

a second medication is needed, there had been no consensus regarding 

which medications might best be added to metformin to keep blood 

glucose levels in check. And it had been unclear which drugs might best 

protect against common side effects, such as cardiovascular disease.

To find answers, the National Institutes of Health supported a large 

clinical trial to directly compare 4 drugs often used in combination with 

metformin to treat T2DM. The trial was conducted at 36 study centers 

nationwide. Findings were published in a pair of papers in the New 

England Journal of Medicine. The trial enrolled more than 5,000 people 

with T2DM who were already taking metformin. They were from diverse 

racial and ethnic backgrounds. Participants were randomly placed into 1 

of 4 treatment groups. Three groups took metformin plus a medicine that 

increased insulin levels: sitagliptin, liraglutide, or glimepiride. The fourth 

group took metformin and insulin glargine U-100, a long-acting insulin.

After about 5 years of follow-up, the researchers found that all 4 

drugs improved blood glucose levels when added to metformin. But those 

taking metformin plus liraglutide or the long-acting insulin achieved 

and maintained their target blood levels for the longest time. They had 

about 6 months more time with blood glucose levels in the target range 

compared with those taking sitagliptin, the least effective in maintaining 

target levels. The effects of treatment did not differ with age, sex, race, or 

ethnicity.

However, none of the combinations overwhelmingly outperformed 

the others. Although average blood glucose levels decreased during the 

study, nearly 3 of 4 participants were unable to maintain the blood glu-

cose target over the study period. This underscores the difficulty for many 

patients with T2DM to maintain recommended targets.

The study also looked at the drugs’ effects on developing diabetes-re-

lated cardiovascular disease and other conditions. Although the differ-

ences were small, participants in the liraglutide group were least likely to 

experience any cardiovascular disease. However, gastrointestinal symp-

toms were more common with liraglutide than with the other groups. 

Severe hypoglycemia, or low blood glucose, was generally uncommon, 

but affected more participants assigned to glimepiride.

“This study was designed to provide health care providers with 

important information on how to guide the long-term management of type 

2 diabetes,” says the study’s project scientist, Dr. Henry Burch of NIH’s 

National Institute of Diabetes and Digestive and Kidney Diseases. “This 

is an integral step toward precision medicine for diabetes care, as these 

results can now be used in the decision-making process for each individual 

patient in light of their levels of glucose control, how well the medications 

are tolerated, and the person’s other health considerations.” 

Sources:  Nathan DM, Lachin JM, Balasubramanyam A, et al for the 

GRADE Study Research Group. Glycemia reduction in type 2 diabetes - 

glycemic outcomes. N Engl J Med. 2022;387(12):1063-1074. doi: 10.1056/

NEJMoa2200433.  Nathan DM, Lachin JM, Bebu I, et al for the GRADE 

Study Research Group. Glycemia Reduction in Type 2 Diabetes - Microvas-

cular and Cardiovascular Outcomes. N Engl J Med. 2022;387(12):1075-

1088. doi: 10.1056/NEJMoa2200436.

Figure. The 
comparison of 
the proportions of 
athletes who lost 
training days due 
to COVID19 or 
vaccination. The 
curves present 
the percentage of 
athletes who lost a 
specific number of 
training days.





By Windy Cole, DPM, CWSP

Bone repair and regeneration (osteogenesis) 

relies on a series of intricate events supported 

by the processes of osteoinduction and osteo-

conduction. Osteoinduction is the mechanism 

by which osteogenesis is induced. At this stage, 

immature cells develop into preosteoblasts. Most 

bone healing is heavily reliant on osteoinduc-

tion, whereas osteoconduction is the step in 

which osteoprogenitor cells and neovasculariza-

tion propagate into and adhere to a scaffold.

Keeping these processes in mind, orthobi-

ologics that support bone repair, such as bone 

grafts and bone substitutes, have been devel-

oped. Although the use of these orthobiologics 

in foot and ankle surgery is widely regarded 

as standard-of-care, there remains a paucity 

of high-level evidence by way of randomized 

controlled trials and head-to-head studies. Most 

evidence exists around the use of allogenic bone 

grafts employed for use in primary arthrodesis 

and osteotomies. Outcomes reports are similar 

to those of autogenic bone grafts with fewer 

complications. While autogenic bone grafts may 

still be considered gold standard, complications 

such as donor site complications, infection, and 

pain do occur. Available studies on allogenic 

bone grafts have reported similar fusion rates 

and outcomes compared to autografts. 

There are also a variety of commercially 

available bone substitutes that have shown a 

level of utility in foot and ankle surgery. Calcium 

phosphate, calcium sulphate, and hydroxyap-

atite can be used to fill bone voids, maintain 

reduction, and promote bone union. Addition-

ally, demineralized bone matrix (DBM) is yet 

another type of orthobiologic on the market 

with utility in foot and ankle surgery. Let’s take 

a closer look at the uses, advantages, and disad-

vantages of these products. 

Allografts
These are commercially available in cortical, 

cortical-cancellous, and cancellous forms. 

Cortical and cortical-cancellous grafts are best 

used if structural support is needed. Cancellous 

grafts have utility in filling defects and provide 

minimal structural support. These products 

are commercially available fresh, fresh-frozen, 

freeze dried, and demineralized. New advances 

in product processing have lessened the likeli-

hood of disease transmission while also decreas-

ing the chances of graft rejection. The primary 

use of allografts in foot and ankle surgery are 

in arthrodesis and osteotomies. Ease of use, 

wide availability, and high structural integrity 

are some of the advantages of allografts. While 

the main disadvantage is their relatively slow 

incorporation. 

Bone Substitutes
Bone substitutes such as calcium phosphates 

and calcium sulphates are available in powders, 

pastes, granules, and blocks. These products 

have wide utility in foot and ankle surgery and 

can be used to fill bone voids, support fracture 

reductions, augment osteotomies, and promote 

unions in fusions.  

Calcium Phosphate (CP) – resembles 

human cancellous bone having similar pore size 

to support osteoconduction. These products are 

rapidly resorbed (10-12 weeks). CP is biocom-

patible with the human body and comes sterile 

for use in the OR. There are a variety of brands 

on the market such as Skelite (EBI), Vitross 

(Orthovita), and Chron Os (DePuy). 

Calcium Sulfate (CS) – is also osteoconduc-

tive, but has greater density than CP. Therefore, 

CS is better suited for use with fixation. Another 

advantage is that antibiotics can be added to CS 

allowing for use in the presence of osteomyelitis. 

Example product: Osteoset (Wright Medical). 

Hydroxyapatite
These products are derived from natural 

coralline or synthetic calcium carbonate. They 

serve as an inorganic porous scaffold to support 

osteoconduction. The most common use is for 
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A Brief Overview of Bone Fillers 
for Foot and Ankle Surgery

Continued on page 21

Reprinted from: Kazimierczak P, Przekora A. Osteoconductive and Osteoinductive Surface Modifications of 
Biomaterials for Bone Regeneration: A Concise Review. Coatings. 2020; 10(10):971. https://doi.org/10.3390/
coatings10100971.
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back-filling bone voids. Advantages include the 

non-immunogenic nature of the product, but hy-

droxyapatites have minimum structural strength 

and are slow to degrade. 

Demineralized Bone Matrix 
(DBM)
DBM is composed of processed bone allograft 

containing a collagen matrix. It is believed that 

DBM retains osteoconductive properties and 

has osteoinductive potential. There remain 

large variations in product processing based on 

the manufacturer. DBMs have received mixed 

reviews when used in foot and ankle surgery. 

There is a paucity of high-level evidence on 

DBMs and additional head-to-head trials are 

needed. 

Conclusion
Allografts and bone substitutes are still the front 

runners when it comes to foot and ankle sur-

gery. These products have a long track record of 

addressing bone voids and optimizing structural 

integrity of fracture fixation or fusions. There 

does not appear to be an orthobiologic product 

currently available that can simultaneously sup-

port ostoegenicity, osteo-inductivity, osteo-con-

ductivity, and mechanical stability. Perhaps as 

advancements in tissue engineering arise, a 

new product that checks all of these boxes will 

emerge. 

Windy Cole, DPM, CWSP, is an adjunct professor 

and Director of Wound Care Research at Kent 

State University College of Podiatric Medicine. 

Dr Cole also serves as the National Director of 

Professional Development and Clinical Education 

for Woundtech. She is board certified by the Amer-

ican Board of Foot and Ankle Surgery and the 

American Board of Wound Management. She is 

a wound care advocate on the forefront of wound 

research and was the 2020 World Union of 

Wound Healing Silver Medal Award recipient for 

her work in Technology-driven Research. And she 

is a member of the LER Editorial Advisory Board. 
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By Steffen Christian Ekkehard Schmidt, DPhil; Stefan 

Sell, Prof Dr, DMed; and Alexander Woll, Prof Dr

There is reasonable concern about 
health issues caused by the absence 
of physical activity among activities 
linked to gaming and streaming.
Recent studies show that the absence of physical activity (PA) and 

the factors associated with intensive media use are independent 

risk factors for a variety of different nonspecific (eg, overweight and 

metabolic syndrome) and specific diseases. Besides the long-term 

consequences and risks of physical inactivity, negative short-term 

consequences from even a single event of prolonged physical inac-

tivity have been confirmed by experimental studies. One disease 

that is discussed to be aligned with single periods of continuous 

physical inactivity is venous thromboembolism (VTE), such as was 

found after long air travels in the 1980 and what was described in 

various studies in the 2000s as seated immobility thromboembo-

lism (SIT) among professions with prolonged sitting or standing 

time. With the increasing relevance of screen media in occupational 

and recreational lifestyles, thrombosis caused by intensive use of 

computers and the internet was given the new name e-thrombosis 

in 2003 by Beasley et al. 

Prolonged gaming and streaming are serious risk factors for 

diseases associated with water retention in the legs, and these 

risks can be measured by bioelectrical impedance and reduced by 

wearing compression stockings. Yet, according to the researchers 

and to the best of their knowledge, there is a paucity of studies that 

have tried to identify the driving or causal factors that lead to VTE 

during recreational use of screen time or studies describing SIT or 

e-thrombosis in the context of gaming-related live streaming. Thus, 

the researchers set out to compare the water balance of recreational 

gamers with and those without compression stockings during a 

gaming event to determine if this population is at risk.

Methods
The study cohort comprised 46 recreational gamers (average age 

of 27.1 years; 11% women, 89% men), all of whom were nonpreg-

nant and healthy, defined as the absence of a clinical condition that 

could influence fluid balance. The data were collected on gaming 

conventions in a rural area in Germany in May 2017, April 2018, 

and May 2019. This field study did not control for the behavior of 

the gamers (eg, net amount of gaming, eating, or sleeping patterns). 

The aim was to discuss the effect of compression stockings on 

different parameters of body composition measured by bioelectrical 

impedance analysis (BIA).

Twenty-three of the gamers wore compression stockings 

(VenoTrain cocoon (Bauerfeind)) for the duration of the study 

(intervention group (IG)), after measuring body height and calf cir-

cumference to ensure the accuracy of fit. They were advised to wear 

the stockings until they go to bed and wear them again immediately 

after awakening until the second measurement in the evening. The 

control group (CG) received no intervention. Participants were 

free to engage in any kind of activity they wanted. All participants 

played casually or in tournaments during the event. 

Body composition and water balance were measured with 

8-electrode BIA before and after 24 hours at a gaming event. The 

BIA measurement of resistance (R) and bioelectric reactance (Xc) 

Use of Compression Stockings to Reduce 
Edema During Gaming and Esports

This article has been excerpted from “The Use of Compression Stockings to Reduce Water Retention in the Legs During Gaming and Esports: Randomized Controlled 
Field Study” Interact J Med Res 2022;11(2):e25886. doi: 10.2196/25886. PMID: 36173666. PMCID: 9562085. Editing has occurred, including the renumbering of 
tables, and references have been removed for brevity. Use is per CC BY 4.0.

Continued on page 24
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was taken at a fixed frequency of 50 kHz between the right wrist and 

ankle, as well as the left wrist and ankle with a body impedance analyzer. 

R and Xc were measured at a 10-second interval until no changes in R 

and Xc between 2 measurements were observed, and the last measure-

ment was noted.

Statistical tests were conducted using SPSS (version 25; IBM Corp). 

Statistical significance was set to P<.05 and repeated measurement 

analyses of variance (rmANOVAs) were used to detect significant differ-

ences between the changes among the IG and control group (CG) as of 

time×group interactions. Besides F and P values, effect sizes are reported 

through partial eta2 (p.η2).

Body weight was measured to the nearest 0.1kg with a calibrated 

scale and standing height was measured to the nearest 0.5 cm using a 

stadiometer, with the participant wearing light clothes and no shoes. 

Participants were asked about and reported that they reach the PA 

guidelines for adults on 2.6 (IG) and 3.1 (CG) days of a normal week and 

30% (7/23) of participants in both groups were active members of sports 

clubs. Total sedentary screen time was slightly higher in the CG, with 

an average of 6.7 hours per day for the total sample, including a total of 

approximately 2.5 hours of daily gaming.

Complaints regarding the lower extremities were tracked using a 

standardized numeric pain rating scale with 7 10-point items before the 

first BIA and immediately after the last BIA: “How do you sense your 

legs regarding the following symptoms: heavy legs, swollen legs, tingling, 

tension, pain, itching, or muscle aching? 1=no complaints to 10=very 

strong complaints.”

The same devices, questionnaires, and electrodes were used every 

year, and similar weather conditions occurred. The gaming convention 

always started on Friday and ended on Sunday. The pretest assessment 

was hosted on Friday from 6 PM until midnight, and participants joined 

the post-test assessment after 24 hours.

Results
This study shows that prolonged gaming and associated behaviors 

during a 24-hour period led to an increase in total body water (+0.76 

L; P<.001) and a decrease of phase angle (PhA; a direct measurement 

of cell integrity and the distribution of water within and outside the cell 

membrane) in the lower extremities (−0.47°; P<.001) but not in the up-

per extremities (+0.09°; P=.80), when no compression is used. Gamers 

using compression socks did not show significant negative effects on their 

body composition.

Both groups showed a comparable range of age except for 1 older 

participant in the CG. Mean weight gain during the event was +0.8kg 

and translated into a 0.2-point increase in body mass index. 

R, Xc, and all the derived parameters remained stable in the IG. 

Among the CG, R, Xc, and PhA significantly declined, whereas total 
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body water (TBW) significantly increased, and 

a 0.8kg increase in extracellular mass (ECM) 

was close to statistical significance (P=.05). 

The rmANOVAs revealed significant time and 

group interactions among R, Xc, PhA, and 

TBW. Descriptive differences in the change 

of ECM between groups were on the edge of 

statistical significance (F1,44=3.56; P=.06; p. η 

2 =0.075), with the IG losing 0.2kg and the CG 

gaining 0.8kg during the event.

The segmental BIA analyses showed 

no significant effects for time or time×group 

interactions for the upper extremities. Signifi-

cant effects of time and time×group interactions 

were found for all lower extremity parameters. 

Participants without compression showed a 

mean decrease of −11.4 Ω for R and −3.1 Ω for 

Xc, resulting in a mean decrease of the PA by 

0.47 units, whereas participants with compres-

sion showed a slight increase of R (mean +3.6, 

SD 10.7 Ω), Xc (mean +0.9, SD 2.1 Ω), and PA 

(mean +0.09, SD 0.37 units).

Participants’ complaints concerning their 

lower extremities directly before the first and 

after the last BIA measurements are shown 

in Table 1. Participants without compression 

complained significantly more about heavy legs 

(F1,34=4.25; P=.04; p. η 2 =0.111) and swollen 

legs (F1,34=5.17; P<.001; p. η2=0.132) com-

pared with participants with compression. Par-

ticipants with compression reported significantly 

more itching (F1,22=4.33; P=.04; p.η2=0.113).

Visit our website or give us a call for more information on how your 
patients could benefit from these products. Surestep.net  |  877.462.0711

You already trust Surestep for your patients 
who have low tone. But we also have a variety 
of high tone solutions:

• Big Shot SMO
• Indy 2 Stage
• Pullover AFO
• Hinged AFO

• TLSO
• DCO
• DeRotation Straps

Ask about 
our high tone 

solutions

Indy 2 Stage

TLSO

Continued on page 27



C

M

Y

CM

MY

CY

CMY

K

XSENSOR_LER_PrintAd_FullPage_062021.pdf   1   2021-06-15   5:08:36 PM



lermagazine.com 12.22  27

Discussion
This study shows that extensive screen time use 

by gamers can cause short-term effects on water 

balance and its allocation among body com-

partments, which can be measured by BIA and 

prevented by compression stockings: 

Prolonged gaming and associated behaviors 

cause a significant increase in TBW, which can be 

measured by BIA: The researchers found a sig-

nificant increase of 0.76 (1.20) L in TBW among 

the CG. Of the 23 participants in the CG, 14 

showed increased TBW (mean +1.4, SD 1.1 L), 

2 showed no changes, and 7 participants showed 

decreased TBW (mean -0.3, SD 0.2 L).

Prolonged gaming and associated behaviors 

cause a significant increase in body water as 

measured by a decrease in local R among the 

lower extremities but not the upper extremities: 

In this setting, no significant increase in R in the 

upper extremities of participants in both groups 

was found. However, in the lower extremities 

the CG showed a mean decrease in R of -11.4 

(SD 15.8) Ω, whereas the IG showed a slight 

increase of +3.6 (SD 10.7) Ω. 

Prolonged gaming and associated behaviors 

cause a decrease in bioelectrical PhA in the lower 

extremities, which indicates an overall stronger 

pronounced increase in extracellular fluids com-

pared with intracellular fluids: The CG showed 

a decrease in mean PhA by -0.23 degrees 

for the whole body and -0.47 degrees for the 

lower extremities, whereas the PhA of the IG 

remained relatively stable at +0.01 degrees for 

the whole body and +0.08 degrees for the lower 

extremities. Analyses of variance showed large 

effect sizes with 43% (lower extremities) and 

31.4% (whole body) explained variance among 

the PhA change throughout compression. As 

PhA is a ratio between Xc and R, it increases 

with the ability of cells to function as an alter-

nating current resistor, which in turn increases 

with the quantity of intracellular fluid, which 

is a predictor of cell nutrition and functioning 

and ultimately motor performance. This can 

be interpreted as a meaningful positive effect 

of compression stockings during gaming and 

associated behaviors.

Prolonged gaming and associated behaviors 

lead to an increase in ECM but not in intracellu-

lar mass (ICM): No changes in ICM were found 

among both groups but there was a marginal 

decline of 0.2kg in ECM among the IG and a 

0.8kg increase of ECM among the CG. With 

P=.06, the time and group interaction for ECM 

was at the edge of statistical significance. Fur-

ther studies are needed to confirm or reject the 

hypothesis that an increase in TBW after pro-

longed gaming is mainly owing to an increase in 

extracellular but not intracellular fluid mass.

The use of compression stockings can 

reduce the decrease in PhA and the increase in 

TBW: Descriptive statistics and significant time 

and group interactions with effect sizes of 31.4% 

and 43% explained variance for the whole body 

and the lower extremities found by rmANOVAs 

show that compression can level out the accu-

mulation of water after 1 day of gaming and as-

sociated behaviors. On average, the IG showed 

increased PhA during the study, which indicates 

the effectiveness of compression stockings as a 

preventive action during prolonged gaming. 

Conclusion
The researchers conclude from their data that 

the use of compression stockings during pro-

longed gaming and streaming lowers the risk for 

diseases caused by seated immobility, such as 

SIT, VTE, and deep venous thrombosis; howev-

er, future studies are needed to provide tailored 

recommendations. Additionally, as there is no 

specific textile or clothing related to professional 

gaming and streaming yet, there is a consid-

erably large market for compression stockings 

among gamers and live streamers. Experimental 

studies on the dose–response mechanism of 

compression and large-scale epidemiological 

studies on the risk for SIT or e-thrombosis with 

and without compression are needed. 

Table 1. Complaints regarding the legs directly before and after the bioelectrical impedance analysis measurements

Continued from page 25
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By Jeffrey Kuhn, PhD

Modern esports took shape in the early 2000s 

and experienced slow, steady growth over the 

next two decades. Individual players, then small 

casual teams, and then professional esports 

organizations gradually grew the industry from 

a collection of ad hoc tournaments to today’s $2 

billion-a-year global enterprise where interna-

tional teams compete for prize pools upwards 

of $60 million. Seeing this growth, universities 

began to see esports as a viable student recruit-

ment and retention tool as fans of esports and 

the age demographic universities seek to recruit 

are the same. In 2014, Robert Morris University 

became the first university to have an official 

university team. Since then, over 400 colleges 

and universities nationwide have developed 

esports programs.

These programs lean heavily on the 

business and competitive side of esports with 

students able to earn certificates or degrees 

in esports management, event planning, or 

Internet technology infrastructure. What has 

been slower to develop are academic programs 

focusing on players’ health and wellness, and 

research on the health of esports players has 

only recently become more available with a 

significant number of esports health studies 

only having occurred since 2019.

Those familiar with traditional athletics 

may assume esports teams have physical 

fitness requirements and trainers with whom 

they work to ensure health and wellness. 

Esports, however, are not under the auspices 

of the NCAA and therefore not beholden to set 

standards on player health. They also receive 

far less funding than traditional athletics and 

so are often unable to afford the player support 

that traditional sports teams have. Instead, it 

is up to individual teams or the conferences 

in which they participate to put a priority on 

player health. The challenge is most directors of 

esports programs have no background in health 

or sports medicine.

This results in esports programs assem-

bling ad-hoc standards for player health with 

a focus on the most reported player issues: eye 

fatigue, neck and back pain, and wrist pain 

as these are the factors most associated with 

a player’s performance in-game.1 As McGee 

asserts, gamers demonstrate a lack of under-

standing of the importance of lower extremity 

health while playing and practicing.2 Most 

esports players report practicing and playing for 

2 to 6 hours a day  but are unaware of the ef-

fects prolonged sitting can have on their bodies. 

Schmidt, Sell, and Woll found that gamers are 

at risk for complications due to water retention 

in their legs, but acknowledge that more re-

search in this area is needed due to their study 

being unable to control non-gaming behaviors 

such as sleep, eating habits, or break periods.

To advance research in esports health and 

wellness 2 conditions need to be met. First, 

esports players, and those overseeing collegiate 

esports programs, need a more robust under-

standing of the risk factors associated with pro-
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longed gaming. It could be argued that esports 

players share the most similarity with racing 

drivers in that they are expected to remain 

seated for extended periods while engaged in 

high stress contexts, and perhaps examining 

health and wellness among drivers is where 

esports players can begin to better understand 

their own health needs. 

The second condition that needs to be met 

is for medical researchers to develop a more 

robust understanding of esports as the way 

esports is reported in current medical research 

is murky at best. Examining esports medical 

literature there appears to be a conflation of 

the terms esports and gaming. While these 

terms are similar, there are critical differenc-

es between the behaviors of the players that 

can result in shifting the outcomes of medical 

research. A Valorant esports player who plays 

short 30-minute rounds with 10-minute breaks 

in between for a few hours a day has more 

opportunity for stretching and self-care than a 

gamer who plays World of Warcraft where a 

dungeon raid may require hours of sustained 

focus and getting up from the keyboard and 

moving about are not feasible. These 2 types 

of players have different characteristics and 

to better isolate how those characteristics can 

influence player health, medical researchers 

need a more comprehensive understanding of 

how they play. 

Dr. Jeff Kuhn is the Esports Director at Ohio 

University and serves in the J. Warren McClure 

School of Emerging Communication Technolo-

gies in the Scripps College of Communication. 

He works with faculty to integrate technology 

into their classroom practice and bring game-

based learning into classroom practice. He 

frequently delivers talks and keynote addresses 

on game design, games and learning, and the 

need for games literacy among educators. 
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By Nachiappan (Nachi) Chocklingam

I’ll try and provide you with an overview of the 

technologies and techniques involved in plantar 

pressure analysis, how that data is normally 

reported, and what you can do with the data 

so it can benefit your clinical management 

and evidence-based medicine. I’ll also provide 

examples from the work my colleagues and I 

have done here at the Centre for Biomechanics 

& Rehabilitation Technologies at Staffordshire 

University in the UK regarding clinical manage-

ment and some aspects of footwear and material 

in terms of diabetic foot management.

Technology v Technique
This topic is very close to my heart: is technol-

ogy important or is the technique? Regarding 

technology, the measurement that we are talking 

about is the assessment of ground reaction 

force. The typical equipment that is being used 

to measure this ground reaction force is a force 

platform. Force platforms are either strain 

gauges  or  piezoelectric sensors. These give 

you the 3 components of the ground reaction 

force: vertical, anterior/posterior, and medio 

lateral or side to side. For this discussion, we 

focus on the vertical component of this ground 

reaction force because that’s what is involved in 

plantar pressure measurement: the vertical load  

divided by the area covered by the sensor gives 

you the pressure. 

There also are various types of pressure 

measurement systems for gait analysis. We 

normally use walkway-based mats or in-shoe 

systems. It’s important to understand this 

load and how it’s distributed for designing, 

implementing, and evaluating effective clinical 

management. So it’s not just about the force, it’s 

about how that force is distributed, and that’s 

what makes effective clinical management for 

many of the conditions that we have for the foot 

at risk or any lower limb gait-related issues, 

that’s where our plantar pressure measurement 

system comes into play. 

The scientific and clinical communities 

have debated if the mat-based system, in-shoe 

system, or walkway is better. The choice de-

pends on what you want to do with the data and 

what you really want to get from the system. 

It is important that any measurement you take 

does not interfere with the immediate envi-

ronment. For example, if you want to measure 

shoe comfort or the function of an orthosis, you 

need to make sure the in-shoe sensor is not so 

thick or that the cushioning it provides does 

not interfere with the testing environment. If 

the initial sensor is thick, it reduces the volume 

within the shoe, which then interferes with 

your measurement and the way that the patient 

walks (Figure A).

It has also been debated if capaci-

tance-based technology is preferable to 

resistance-based technology. As all systems have 

evolved and improved in terms of technology 

and usability, in my opinion, discussions about 

these various technologies should relate to 

power consumption, measurement sensitivity, 

response to loading time, and cost.

Another important thing that I want to 

mention is calibration. Whichever system you 

use, I want to emphasize  that your system 

should be calibrated properly for each use and 

what you see on the screen actually makes sense 

to you. It’s not about the color of the image, it’s 

about the actual value that you get from that 

system (Figure A).
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It’s also important that people understand 

the clinical protocols and the techniques to use. 

Most of the current scientific literature on pres-

sure measurement relates to injury prevention, 

running injuries, or footwear analysis. The point 

that I’m trying to get across is that these plantar 

pressure systems, can give you a lot more 

information and a lot more data than average 

pressures and peak pressures. One of the things 

that’s normally not reported much in many 

research papers is the central pressure  trajecto-

ry, but it can give you a lot of information on the 

clinical aspects of your management.

The bottom line is, whilst technology and 

techniques play a role, it’s all about you and the 

patient or it’s about the research question and 

how you want to answer it. You will need to 

think carefully about your approaches to data 

collection and, more importantly, the reporting 

because that’s what is important—that other 

people are able to understand it as well. You 

need to think about whether it makes sense, and 

whether you can repeat the same measurement. 

All this governs the way that you choose the 

system and the right technique

3D Printing to Address 
Insufficient Reach of 
Diabetic Foot Care
Our group here at the Centre for Biomechanics 

and Rehabilitation Technologies have been 

focusing on diabetic foot complications and its 

management for the past 10 years. We and our 

collaborators have published a lot on this space 

in the European Union-funded program titled 

DiaBSmart (www.diabsmart.eu), which focuses 

on the development of assessment techniques, 

footwear intervention, and insole intervention 

for patients with diabetic foot complications.

Here in the UK, or worldwide for that mat-

ter, 85% of all diabetic foot amputations begin 

with a single foot ulcer. Once ulcerated, the 

healing is very slow and the recurrence of these 

ulcers is very high. Normally, custom orthoses 

can prevent 65% of these foot ulcers by reduc-

ing the peak plantar pressure by 15% to 21%. 

This data is based on meta-analysis of the lit-

erature and there is enough evidence for it. But 

the issue that we were dealing with is current 

custom foot orthoses were slow to produce, they 

were expensive, and they were not produced in 

the same way, they’re not repeatable. 

In the UK, only 21% – only one-fifth – of 

these high-risk patients received these custom 

orthoses, so our work was to think about how 

we can address that. We used 3D printing 

technologies to reduce the cost, and also some 

frontline patient management issues in terms of 

collecting data, and how effectively we use the 

data. In terms of diabetic foot care, plantar pres-

sure measurement is very important and can be 

used to monitor patients effectively. However, 

I have given you statistics that show that not 

enough of this patient population is provided 

with diabetic insoles or custom footwear. 

Case Study: Charcot Foot
I’m going to touch on  things that we have 

done, both relating to diabetic foot care. The 

first one relates to the Charcot foot. One of my 

collaborators in Newcastle-upon-Tyne here in 

the UK, Jayasree Ramaskandhan, PhD, has set 

up a specialist diabetic foot clinic and service in 

their gait lab, where they do a comprehensive 

assessment. 

In this case study that I am presenting, a 

54-year-old female with a desk-based job pre-

sented with right foot Charcot arthropathy with 

arch collapse and a 41-year history of diabetes. 

She was treated (off loaded) with a plaster of 

Paris cast to start with, but it didn’t work, so 

she ended up on the surgery list. The point that 

I’m trying to make here is Dr. Ramaskandhan 

effectively uses plantar pressure assessment 

technique throughout the patient journey. When 

the patient comes in, Dr. Ramaskandhan uses 

plantar pressure along with other gait analysis 

systems for the baseline assessment. 

During this patient journey, Dr. Ram-

askandhan and colleagues at Newcastle do the 

whole array of preoperative subjective and ob-

jective assessments, problems, etc. But plantar 

pressure analysis forms an important central 

role in assessing these patients. The surgeons 

and the multidisciplinary team look at the plan-

tar pressure data and then that drives their clin-

ical decision making on the surgical planning. It 

resulted in a fantastic 1-year follow-up data set, 

as shown on the right (Figure B). 

The reason I wanted to showcase this work 

is because, as far as I know, this is the first time 

Charcot patients are being fully treated this way 

anywhere in the world and pressure assessment 

is used throughout the patient journey. In terms 

of first assessment to a full follow-up, this is the 

first time that we’re doing a comprehensive bio-

mechanical analysis, including plantar pressure 

assessment, in these patients. This is an exciting 

development, and hopefully the work will be 

published in the coming months.

Thermal Measurements, 
Interdigital Pressures Aid 
Risk Assessment
While the topic of this presentation is plantar 

pressure assessment, when you’re talking about 

the diabetic foot and the foot at risk, you must 

also consider temperature measurement and 

other things like interdigital pressures. Exam-

ining how foot deformity affects interdigital 

pressures and plantar pressure measurement 

provides an evidence base for your clinical inter-
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vention and how you can improve your clinical 

intervention. 

The next topic is extremely novel. In a pilot 

study that I conducted with my collaborators in 

Malta,  we hypothesized that combining thermal 

measurements and plantar pressure measure-

ments would offer a more reliable assessment 

tool for providing risk categorization of the 

diabetic foot. The correlation between plantar 

pressure and temperature in patients living with 

diabetes as compared to plantar pressure and 

temperature in healthy individuals clearly shows 

that combining these 2 important outcome 

measures actually results in improved risk 

categorization of these patients for better clinical 

management.

I wanted to raise the subject of thermal 

measurements because, while it is not the focus 

of this presentation—the main topic is plantar 

pressure measurement—when taking on/com-

bining the various roles as a clinician, a scien-

tist, and a researcher in a lab, you are collecting 

all sorts of data and you’re assessing various 

outcome measures. In that sense, plantar pres-

sure forms a core element of your overall patient 

management or overall data set. To answer your 

research question, it’s important that you under-

stand various aspects and use plantar pressure 

measurement in an effective way. 

Footwear Interventions
The other thing that I wanted to talk about is 

the work we have done at Staffordshire through 

the EU-funded DiaBSmart program, in terms of 

understanding and providing footwear inter-

ventions for patients with diabetes. We  tested 

various  polyurethane (PU) materials of varying 

densities. These PU materials have various 

stiffnesses. In our 2017 paper, “Subject Specific 

Optimisation of the Stiffness of Footwear Mate-

rial for Maximum Plantar Pressure Reduction,” 

we showed that subject-specific optimization 

of stiffness in footwear material maximizes the 

plantar pressure reduction and so it effectively 

helps the patient. So plantar pressure can be 

used to choose an appropriate material.

When we talk about appropriate material, 

we are referring to appropriate engineering 

stiffness. Our work, “A Clinically Applicable 

Non-invasive Method to Quantitatively Assess 

the Visco-hyperelastic Properties of Human 

Heel Pad, Implications for Assessing the Risk 

of Mechanical Trauma,” also published in 2017, 

shows that we have developed a method to 

quantitatively assess the visco-hyperelastic 

properties of the plantar soft tissues and its 

relationship with mechanical trauma on the 

ulcer formation. The program of work showed 

that if we can match the stiffness of the plantar 

soft tissues to the stiffness of the material, then 

we have much better patient outcomes. Once 

we learned from that work, we moved on to 

talk about how we can effectively use it in the 

clinic using newer technologies. That’s where 3D 

printing technology came in. 

In our 2020 paper in Gait & Posure, 

“Optimised Cushioning in Diabetic Footwear 

can Significantly Enhance their Capacity to Re-

duce Plantar Pressure,” we have shown that by 

varying the print structures we can change the 

stiffness to match the patient’s specific required 

stiffness, which actually improves patient out-

comes in terms of diabetic patients (Figure C).

Both of these examples relate to insole or 

footbed. But it’s a combination of footwear and 

insole that makes that difference. My colleague 

Mickey Edison has done a lot of work on foot-

wear tuning. As a part of that work, we’re also 

looking at the insole footwear combination in 

terms of diabetic foot and the foot at risk. 

lermagazine.com 12.22  39

Continued from page 36

Continued on page 41

Figure B. 



Biomedix is a market leader in PAD diagnostics, delivering products and services that 

feature a cloud-based platform enabling community-based collaborative care. 

Visit biomedix.com to discover more about how we can help you cost-effectively 

save limbs and save lives.
©2020 • PADnet is a registered trademark of Biomedix®

PADNET: U.S. PATENTS 9,245,092; 8,688,472; 7,983,930; 8,229,762 B2; 7,214,192; 7,172,555; 7,166,076 & PATENTS PENDING.

1 in 3

$390
billion

amputations
100,000 

Have PAD

annual US healthcare 
costs attributable to PAD

of lower extremities in 
the US annually, due to 
vascular disease

 » Diabetics age 50+
 » Smokers age 50+
 » Everyone age 70+

Peripheral Artery Disease
Peripheral Artery Disease (PAD) is a deadly chronic condition that can lead to heart attack, stroke, or amputation.

Over One Million 
Tests Performed

Market-Tested

M

arket-Truste

d



Conclusion
The key messages that I want to give are:  (1) 

please consider the right technology that suits 

your need and (2) please use appropriate 

techniques. I highlighted 2 things: the thickness 

of the sensor and calibration. The message I 

would like to impart is please don’t blame the 

technology or the commercial vendor. Most 

times it’s inadequate technique that you employ 

that makes all the difference. Please make sure 

you calibrate the system and use appropriate 

technologies. Today’s technology works well.

I also want to emphasize that plantar 

pressure assessment can contribute to effective 

clinical management and evidence-based clinical 

management, so stick with it. Plantar pressure 

measurement can give a lot more data than just 

peak pressures. 

Finally, I want to touch on the amount 

of data that we get from plantar pressures. 

Imagine if you have 100 sensors and you record 

the data at 100 Hertz for 7 or 8 seconds. That’s 

an enormous amount of data, but we reduce 

it to 1 number, which is the peak pressure or 

sometimes average pressure. However, we 

need to think about how effectively we can use 

the rest of the data set and newer technolog-

ical developments. How can we use artificial 

intelligence (AI) to help us? Because in terms 

of AI and modeling data, the quality of the 

output depends on the input data. With plantar 

pressure measurement systems and the amount 

of data derived from that, we can provide good 

input and, in that sense, we can come up with 

systems that would help us with effective clini-

cal management. 
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By Aidan J. Buffey, Matthew P. Herring, 

Christina K. Langley, Alan E. Donnelly, 

and Brian P. Carson

• This meta-analysis of 7 acute studies found 

intermittent short breaks of standing led 

to a significant reduction in postprandial 

glucose compared to prolonged sitting.

• Light-intensity walking was found to be a 

superior intervention compared to standing 

and prolonged sitting.

• The effects of breaking prolonged sitting 

were more pronounced in overweight 

individuals compared to individuals with 

obesity, suggesting an additional metabolic 

compromise in individuals with obesity.

Sedentary behavior (SB) such as prolonged 

sitting is likely to be highly habitual and is asso-

ciated with poor health outcomes. SB is defined 

as any waking behavior expending ≤ 1.5 met-

abolic equivalent tasks (METs) whilst seated, 

lying, or in a reclined posture. Cross-sectional 

studies indicate that total time spent sedentary, 

independent of exercise, has been detrimentally 

associated with several biomarkers. In individ-

uals with known risk factors for type 2 diabetes 

mellitus, total sedentary time, after adjustment 

for moderate to vigorous physical activity 

(MVPA) and other covariates, was negatively 

associated with 2-h glucose, triacylglycerol, and 

high-density lipoprotein (HDL) cholesterol. The 

indication that sedentary time is independently 

associated with cardiometabolic health has 

brought a shift in research paradigms toward 

identifying feasible interventions to break bouts 

of prolonged sitting.

Any interruption to prolonged sitting can 

be referred to as a sedentary break. A seminal 

study found a beneficial association between 

the frequency of interruptions to an individual’s 

sedentary time with metabolic health markers 

such as 2-h plasma glucose, triglycerides and 

measures of adiposity. More recently, an average 

of 10 additional sedentary breaks per day was 

shown to be beneficially associated with systolic 

blood pressure (SBP), HDL cholesterol, insulin, 

glucose, triglycerides, and waist circumference. 

The associations reported were independent 

of total sedentary time, MVPA, and mean 

intensity of the sedentary breaks. These findings 

support the hypothesis that the pattern in which 

sedentary time is accrued may be as important 

as total amount of sedentary time. This had 

led to the promotion of standing as a sedentary 

break and growing research utilizing standing 

interventions, as the act of standing is feasible 

for most individuals and environments.

Currently, the literature is unclear on the 

effects of brief postural changes, specifically the 

transition from sitting to standing and whether 

the transition is a sufficient stimulus to elicit 

metabolic and or vascular benefits. Previous 

studies have broken prolonged sitting with 

different modalities of physical activity (PA), 

largely without addressing the postural change, 

with researchers concluding that the extent 

of improvements during walking on glucose 

metabolism is unclear due to postural changes 

and increases in energy expenditure. The act of 

standing not only achieves a change in posture, 

but also involves the contraction of the postural 

skeletal muscles and induces compensatory 
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changes in blood pressure, heart rate, and 

vascular tone. Therefore, short bouts of standing 

have been shown to elicit similar changes as 

light-intensity walking, that break prolonged 

sitting, which may both be more feasible than 

MVPA and could offer an alternative approach 

to improve health and is worthy of investigation.

Rationale and Aims
A recent systematic review and meta-analysis 

compared the effects of breaking up prolonged 

sitting with different PA modalities in compar-

ison to continued sitting. However, this review 

excluded studies that broke continued sitting 

with standing. Two earlier systematic reviews 

with meta-analyses have investigated intermit-

tent standing breaks compared to prolonged 

sitting. One review pooled 2 studies and showed 

no effect on glucose of intermittent standing 

compared to prolonged sitting, and were unable 

to investigate insulin within their meta-analysis 

due to data only being available from 1 of the 

included studies. The second systematic review 

pooled 5 studies (glucose) and 4 studies (insu-

lin) but found no effect on glucose or insulin 

response when comparing intermittent standing 

with prolonged sitting. Neither of these studies 

compared intermittent standing breaks with 

light-intensity walking breaks. 

Therefore, the purpose of this study was to 

systematically review acute (1-day) experimental 

studies of controlled trials that compared unin-

terrupted sitting with conditions that fraction-

ated prolonged sitting with frequent bouts of 

standing and light-intensity walking throughout 

a monitored day. The aim was to provide a 

foundation of evidence on the prescription of 

standing and light-intensity walking to break 

prolonged sitting to elicit benefits for markers 

Figure 1. Forest plots from the postprandial glucose meta-analysis. A) Intermittent standing breaks compared to prolonged sitting (glucose). B) Intermittent walking 
breaks compared to prolonged sitting (glucose). C) Intermittent walking breaks compared to intermittent standing breaks (glucose). WE, White European; SA, 
South Asian; min, minutes. 

Figure 2. Forest plots from the postprandial insulin meta-analysis. A) Intermittent standing breaks compared to prolonged sitting (insulin). B) Intermittent walking 
breaks compared to prolonged sitting (insulin). C) Intermittent walking breaks compared to intermittent standing breaks (insulin). WE, White European; SA, South 
Asian; min, minutes. 

Continued on page 47
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of cardiometabolic health. Where data were 

available, a meta-analysis and meta-regression 

were conducted to estimate the population 

mean effect for standing versus sitting, walking 

versus sitting, and walking versus standing, and 

to explore sources of variability (i.e., participant 

and trial characteristics) in the mean effect.

Objectives: This systematic review aimed 

to compare the effects of fractionating prolonged 

sitting with frequent short bouts of standing 

and light-intensity walking on cardiometabolic 

health markers and conduct a meta-analysis 

for differences in systolic blood pressure (SBP), 

postprandial glucose, and insulin.

Methods
Experimental randomized crossover trials 

with at least 3 intervention arms that assessed 

interrupting sitting with frequent short bouts 

of standing and light-intensity walking over a 

single day compared to a prolonged sitting con-

dition were retrieved. These studies measured 

at minimum one marker of cardiometabolic 

health in adults > 18 years. An electronic search 

was completed on August 2, 2021, searching 

PubMed and Web of Science Core Collection, 

Scopus, Embase, Cochrane Library and APA 

PsycINFO. Risk of bias was assessed using a 

modified Downs and Black checklist. A me-

ta-analysis was conducted using calculated Co-

hen’s d quantifying the magnitude of difference 

between experimental conditions.

Results
Seven studies met the inclusion criteria for the 

systematic review. All 7 studies were includ-

ed within the meta-analysis for postprandial 

glucose, 4 studies were pooled for postprandial 

insulin and 3 for SBP. Biomarkers of cardiomet-

abolic health were discussed qualitatively if 

fewer than 3 studies measured and reported 

the variable. A meta-analysis of 7 acute, 1-day 

randomized crossover trials that sampled 

mixed-sex adults (aged > 18 years) who were 

predominately overweight or participants with 

obesity found that standing as an interruption to 

prolonged sitting significantly reduced postpran-

dial glucose (Δ = -0.31, 95% CI -0.60, -0.03; 

z = -2.15, P < 0.04; Figure 1A) but had no sig-

nificant effect on insulin or SBP. Light-intensity 

walking was shown to significantly attenuate 

postprandial glucose (Δ = -0.72, 95% CI -1.03, 

-0.41; z = -4.57, P < 0.001; Figure 1B) and 

insulin (Δ = -0.83, 95% CI -1.18, -0.48; z = 

-4.66, P < 0.001; Figure 2B) compared to con-

tinued sitting. When comparing light-intensity 

walking breaks compared to standing breaks 

a significant reduction in glucose (Δ = -0.30, 

95% CI -0.52, -0.08; z = -2.64, P < 0.009; 

Figure 1C) and insulin (Δ = -0.54, 95% CI 

-0.75, -0.33; z = -4.98, P < 0.001; Figure 2C) 

was observed. Both standing and light-intensity 

walking showed no effect on SBP (Figure 3).

Discussion
This review and meta-analysis examined 

experimental studies that interrupted individ-

uals’ sitting time in an acute laboratory setting 

with frequent short bouts of standing and 

light-intensity walking, measuring the effects on 

cardiometabolic health markers. The meta-an-

alytical component of this review found both 

standing and light-intensity walking improve 

postprandial glucose metabolism compared to 

prolonged sitting. This is a novel finding as, 

previously, standing had not been shown to 

be beneficial as a form of PA break for glucose 

metabolism in earlier meta-analyses. Howev-

er, the analysis found light-intensity walking 

elicited a significantly greater attenuation in 

postprandial glucose compared to prolonged 

sitting and standing breaks, which supports 

the findings of previous studies. Light-intensity 

walking was also shown to significantly improve 

postprandial insulin compared to prolonged 

sitting and standing breaks, but intermittent 

standing bouts showed no significant effect on 

postprandial insulin compared to prolonged 

sitting within this meta-analysis. Therefore, this 

synthesized evidence suggests that breaking up 
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Figure 3. Forest plots from the postprandial systolic blood pressure (SBP) meta-analysis. A) Intermittent standing breaks compared to prolonged sitting (SBP). 
B) Intermittent walking breaks compared to prolonged sitting (SBP). C) Intermittent walking breaks compared to intermittent standing breaks (SBP). WE, White 
European; SA, South Asian; min, minutes. 
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prolonged sitting with light-intensity walking is a superior intervention to 

breaking sitting with periods of standing but that short bouts of standing 

can elicit an improvement in postprandial glucose as a sedentary break to 

prolonged sitting.

Metabolic Biomarkers
The pooled effects showed a positive effect on glucose metabolism in re-

sponse to a meal when standing was compared with the sitting condition. 

However, this effect was small and heterogeneous and was not explained 

by any of the included moderating variables. Due to the small number 

of included studies, differences in outcome variables measured, and 

descriptive information reported, not all possible moderating factors (< 

3 effects) could be included (i.e., fasting glucose). The included studies 

varied the prescribed break duration and frequency, which means the 

total time displaced from sitting to standing differed between the studies, 

which may plausibly explain some of the heterogeneity. When sitting 

was interrupted by walking, a greater, moderate effect was observed for 

glucose metabolism. Furthermore, walking had a small positive effect on 

glucose metabolism in comparison to standing breaks. This effect was 

moderated by sex and body mass index (BMI), with significantly larger 

improvements in postprandial glucose being associated with mixed-sex 

samples compared to studies which included females only. 

Regarding BMI, individuals who were classified as overweight 

showed significantly larger improvements in postprandial glucose when 

completing light-intensity walking as a sedentary break compared to indi-

viduals with obesity. This may suggest further compromised metabolism 

in individuals with obesity compared to overweight individuals. The 2 

studies that sampled female only participants also had the highest mean 

BMI of the included studies falling within the obesity range. One study 

sampled postmenopausal women who were screened as dysglycemic and 

the second study included participants with impaired glucose regulation 

and signs of insulin resistance. These 2 included studies sampled partic-

ipants with the highest recorded fasting glucose values, BMI, and waist 

circumference measurements compared to the other included studies 

that provided this descriptive information. Previously, insulin sensitivity 

has been shown to differ by sex. Typically, females exhibit lower skeletal 

muscle mass and increased adipose tissue, which may contribute to an 

increase in insulin resistance. Insulin resistance has previously been asso-

ciated with BMI at any grade of weight gain; however, differences in body 

fat distribution can cause variations in insulin sensitivity. BMI estimates 

general adiposity, however, and does not differentiate between periph-

eral or central adiposity, which has been shown to be a contributing risk 

factor to insulin resistance. Due to the small number of studies and the 

descriptive variables provided, the study was unable to include waist cir-

cumference as a moderating variable, which may have provided a better 

indication of central adiposity and visceral adipose tissue. Therefore, the 

researchers speculate that these effects may be influenced by impaired 

metabolism related to poor body composition in these female-only studies 

Continued from page 47
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involving participants who present with obesity, resulting in less favor-

able positive metabolic benefits when performing intermittent light-inten-

sity walking.

These findings suggest that standing breaks have a small bene-

ficial effect compared to prolonged sitting on glucose metabolism, but 

walking breaks represent a superior intervention. The mean reduction 

of postprandial glucose across the 7 included studies when completing 

intermittent standing breaks compared to prolonged sitting was -9.51% 

± 13.95 (ranging from a -33.96% decrease to a 4.29% increase), where-

as light-intensity walking was shown to reduce postprandial glucose by 

-17.01% ± 15.42 (ranging from -55.64 to -3.28%) when compared to 

prolonged sitting. This is unsurprising; however, this meta-analysis is the 

first to report a statistically significant mean improvement in postpran-

dial glucose response when interrupting prolonged sitting with standing. 

Two previous meta-analyses investigated standing as a sedentary break 

compared to prolonged sitting and found no significant difference in 

postprandial glucose. Both previous meta-analyses suggested that stand-

ing may not be a sufficient stimulus in the improvement of postprandial 

glucose. 

Walking was investigated recently in a large meta-analysis that 

compared interrupting prolonged sitting with a multitude of intermittent 

physical ‘activities.’ This meta-analysis excluded studies that interrupted 

prolonged sitting with standing; however, they grouped light to moderate 

intensity walking, jogging, and cycling within their analysis. They report-

ed moderate effect sizes (standardized mean difference [SMD]) and sta-

tistically significant reductions in glucose (SMD = -0.54, 95% CI -0.70, 

-0.37, P < 0.001) when compared to prolonged sitting. These findings 

are similar to those presented here, although with smaller effect sizes.

Standing as a sedentary break showed no significant effect on post-

prandial insulin compared to prolonged sitting (P < 0.06). The number 

of included studies that measured postprandial insulin (n = 4) was 

lower compared to the number that measured postprandial glucose (n 

= 7), and perhaps with an increased number of studies or larger sample 

size we may have seen an effect on postprandial insulin. Light-intensity 

walking showed a moderate, statistically significant improvement when 

compared to continued sitting and standing breaks on postprandial 

insulin. This reiterates the previous finding related to glucose metabo-

lism, that light-intensity walking provides a superior stimulus compared 

to interrupting prolonged sitting with standing, which fails to elicit an 

attenuation in postprandial insulin. Taken together, an attenuation in 

both postprandial glucose and insulin is suggestive of an increase in insu-

lin sensitivity and decreased insulin secretion, which has been associated 

with preservation of pancreatic beta-cell function. This finding strength-

ens previous research that has shown breaking prolonged sitting with 

light to moderate PA reduces postprandial insulin concentrations. 

As for cardiovascular health, standing and light-intensity walking 

both showed no significant difference in SBP when compared to pro-

longed sitting and there was no difference in SBP between interventions. 



Diabetic & Therapeutic Wellness Footwear
We have developed an innovative footwear collection, which combines functional

footwear designs for various types of pathologies with clinically tested
materials.Our current collection uses COOLMAX® fabric lining with Carbon

threads.
COOLMAX® polyester fibers are known for their high breathability due to their

hollow fiber design and aeration channels, which helps to release moisture quickly
and efficiently.

By combining COOLMAX® fibers with Carbon fibers we have created a one of a
kind fabric with the ability to create a dry, and airy environment while maintaining

freshness.
In a test for Staphylococcus aureus and Klebsiella pneumoniae, two bacteria that
can proliferate under normal conditions of humidity and temperature caused by
sweating our Coolmax-Carbon fabric has demonstrated bacteriostatic properties.

Preventing bacterial reproduction, reducing odors and the risk of allergies. 
 

Unlike other fabrics, Coolmax-Carbon fabric does not receive any chemical
treatments such as microencapsulation, or ion application. These treatments

degrade over time resulting in the fabric losing its properties.
 

Our innovative footwear collection that combines functional designs and advanced
Coolmax-Carbon fabric ensures the general comfort and safety of the wearers.

MEDICARE APPROVED
 

Contact: Jerry Friedman   Email: jfshooze@comast.net   Website: www.celiaruizusa.com   Phone: (410) 206-8890

Franki T

Wallaby T

Marc T

MADE IN SPAIN



lermagazine.com 12.22  51

Continued from page 49

Three studies measured postprandial 

triglyceride response, none observing a reduc-

tion in triglyceride response, potentially due 

to a time-delayed response to the effects of PA 

breaks. 

Implications and Future 
Directions
The findings of this systematic review have 

implications for the grouping of heterogeneous 

activities under the term ‘light-intensity physical 

activities’ (LIPA). Light-intensity walking was 

shown to significantly reduce postprandial glu-

cose and insulin compared to prolonged sitting 

and equal durations of intermittent standing. 

It has formerly been recognized that prolonged 

sitting reduces the contractile activity of skeletal 

muscle. Previously, the acute increase in glucose 

uptake was shown to be preferentially regulated 

by the contraction-mediated pathway in place 

of the insulin-dependent pathway in a recent 

study investigating interrupting sedentary time 

with light-intensity walking. This suggests the 

acute benefits on postprandial glucose and 

insulin are more pronounced during intermit-

tent light-intensity walking breaks than standing 

via the contraction-mediated pathway, due to 

the greater intensity and frequency of concentric 

and eccentric muscular activity. The increase 

in muscular contractions and increased glucose 

uptake via the insulin-independent pathway 

acutely reduce insulin secretion in the mainte-

nance of glucose homeostasis.

On average, the majority of the included 

studies interrupted their participants’ simulat-

ed sedentary behavior for ~ 28 min; this can 

also be seen as an increase in LIPA. Previously 

Jefferis and colleagues  found that a daily 

increase of 30 minutes of LIPA was associated 

with a 17% attenuation in mortality following 

adjustment for sedentary time and MVPA. If 

intermittent sedentary breaks of standing or 

light-intensity walking were implemented in an 

individual’s daily life or workplace environment, 

individuals would be able to reduce the duration 

of their sedentary bouts and total sedentary time 

in addition to increasing daily total LIPA. This 

may be more feasible and translatable than ask-

ing the public to complete structured exercise 

sessions or the attainment of MVPA.

The pooled meta-analysis of participants 

who were largely sedentary and classified as 

overweight, according to their BMI, showed a 

significant improvement in postprandial glucose 

when fractionating prolonged sitting with in-

termittent standing. This is an important novel 

finding that supports the positive impact of 

standing on metabolic health. The meta-analysis 

also showed greater improvements in post-

prandial glucose and insulin when performing 

light-intensity walking compared to prolonged 

sitting and intermittent standing. This has im-

plications for individuals attempting to achieve 

long-term glycemic control and the management 

of postprandial spikes in blood glucose. 

Conclusion
Intermittent short bouts of standing compared 

to prolonged sitting significantly reduced 

postprandial glucose in an acute 1-day setting 

but showed no significant effect on postprandial 

insulin and SBP. Light-intensity walking showed 

a greater attenuation of glucose and insulin 

compared to standing interruptions and pro-

longed sitting. We would, therefore, recommend 

light-intensity walking for clinically meaningful 

reductions in postprandial glucose and insulin 

when compared to prolonged sitting. Future 

research should implement sedentary breaks 

in a free-living setting such as the workplace 

environment, testing the feasibility of sedentary 

breaks and investigating the long-term health 

implications. 
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By Richard Blake, DPM, MS

What is it to say you use a biomechanical 

approach for your patients? Biomechanics means 

the functional mechanics of the body. Our bodies 

are unbelievable. They are very powerful, and 

fairly resilient. Why do they get injured? What 

systems or other body parts affect the injured 

body part? The patient is coming to you for help. 

There is the immediate implied need in the doc-

tor/therapist–patient relationship to make an in-

jury feel better. Probably some version of PRICE 

(protection, rest, ice, compression, and elevation) 

will help them along if biomechanics is not your 

strength. X-ray imaging can also be crucial to rule 

out significant problems. Yet, with every patient 

with an injury, there is also an implied need to 

make this injury never happen again. At least, 

they need to know why it happened, simply to 

make sense of it. This is truly where podiatry–

and those who practice clinical biomechanics–

reign. The biomechanical understanding of why 

an injury happened, how the cause can be cor-

rected, and therefore, how to prevent it from ever 

happening again is crucial. This understanding 

can be what allows the athlete to run for years, 

dance for years, hike for years. This understand-

ing can be what allows a good athlete to become 

great by avoiding or minimizing injuries during 

their competitive years. I take equal pride in my 

athletes running their first 5K, qualifying for the 

Olympic Trials, or walking their first steps after a 

serious injury caused months of immobilization.

When the patient comes into the office as 

a new patient or just a new injury, the questions 

asked should be directed to help understand 

the cause. Was it acute like a fall or twist, or 

just overuse? You find out where the injury is 

and what exactly happened. You have a list of 

differentials roaming around your head. You then 

watch the patient walk if they can, and run if they 

run. You watch their biomechanics and try to 

make a correlation. This book will help you with 

the correlations, like how a short leg can cause 

iliotibial band syndrome, or how excessive pro-

nation can cause lateral foot pain. Some injuries 

require some sort of images before an accurate 

diagnosis can be made. But, most problems 

are overuse, soft tissue, and have predictable 

patterns.

As you learn these patterns, the predictabili-

ty will be easier. Yet, sometimes the pain patterns 

do not make sense. Or, your treatment is not 

working when it should, so you must look deeper. 

You must have Plan B. 

Practical Biomechanics Question #51: Finding 

the weak link or links in the patient’s chain of 

armor, and correcting those, can help the patient 

for many, many years. It can be simple or a great 

detective game with many pieces. What is a 

far too common cause of bone pain that always 

needs to be evaluated?

Common Steps in General 
Biomechanical Approach
Learning biomechanics goes much further than 

helping a runner complete a marathon, although 

that can be a fantastic adventure and success! 

Learning biomechanics will help every bunion 

surgery you do, every knee replacement you do 

or help rehabilitate, and maybe every patient 
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EXPERT PERSPECTIVE

Finding the Cause of Injury

Biomechanics are foundational to podiatry, physiotherapy, and the study of  orthotics and 
prosthetics. Here we provide an excerpt from the author’s recently released Book 1 of  the 

4-part series, Practical Biomechanics for the Podiatrist.
Continued on page 55
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with chronic low back pain. It is only in know-

ing which problems are mechanically induced 

or aggravated, that you can know what is not 

mechanical and more neurological or inflamma-

tory. The world needs better doctors that can help 

mechanics. It is a great and rewarding world.

These are the common steps in a general 

biomechanical approach for the first several visits 

dealing with a new patient or new problem:

1.  History of the injury and the patient’s reason 

why they were injured.

2.  Gait evaluation of walking (running is crucial 

if their activity requires running) to decide 

on gait patterns and if the patient’s complaint 

matches)

3.  Physical examination of the injured part (be-

gin to separate the 3 sources of pain: mechani-

cal, inflammatory, and neuropathic)

4.  Physical examination of possible biomechanics 

involved

5. Is there biomechanical asymmetry?

6. Tentative working diagnosis made 

7.  Common Differential Diagnosis: common not 

rare

8.  Occam’s Razor and the Rule of 3 for initial 

treatment help

9.  What Phase of Rehabilitation is the patient in 

at this visit?

10. Should we do Imaging at this point?

11.  First Decision: What do I have to do to get 

the pain consistently between 0-2? This is the 

real reason that the patient has to be put into 

Phase 1 of Rehabilitation where PRICE rules. 

The 0-2 pain level realm is where injuries can 

heal.

12.  Second Decision: How much inflammation 

needs to be addressed?

13.  Third Decision: Is there any neurological 

component that should be treated?

14.  Fourth Decision: What mechanical changes 

can I make in the first few visits that may help 

the pain relief, better biomechanics, and cause 

reversal?

Practical Biomechanics Question #52: The 

above thought process is probably a new way of 

looking at a patient for most, except the podiatry 

students just learning, but it has helped me for 

years. When dealing with mechanics, what is the 

importance of taking a pause of reflection for the 

Second and Third Decision listed above?

History of the Injury and the 
Patient’s Own Reason Why 
They Were Injured 
There are so many types of injuries, but we have 

to start putting together a good picture of what 

happened and can it be prevented in the future. 

You can actually have a positive impact on all the 

different types of injuries, at least in the rehabil-

itation, by knowing the most you can. I will start 

this discussion with the mnemonic that always 

runs through my head when I am taking a history 

(also included in Chapter 17). 

Common Historical 
Questions:

• F (pain frequency, are there important 

family history findings?)

• A (patient’s own assessment, what activities 

produce pain, what activities are okay)

• I (pain intensity, is there a lot of 

inflammation?)

• L (pain location, how long does the pain 

last?)

• E (what eases pain?)

• D (what is the duration of pain?)

• N (does this problem feel like nerves, like 

numbness, etc?)

• O (what are the events concerning at the 

onset of pain?)

• P (what produces the pain, past injuries 

involved?)

• Q (what is the quality of the pain?)

• R (does the pain radiate, is there redness, 

originally it was the result of what?)

• S (how do shoes help or produce pain, is 

there swelling, is there stiffness, are there 

previous surgeries that may play a role?)

• T (what treatments done, what treatments 

helped and hurt, any tingling?)

• U (does the patient have underlying 

problems?)

• V (how does the pain vary?)

• W (has it affected work, is there weakness?)

Most injuries are either acute (sudden onset 

of pain) or chronic (gradual buildup of pain). It 

is important with acute injuries to learn if there 

were circumstances that led to the injury, like 

generalized weakness from an illness leading to a 

fall. It could just be their 3rd or 4th ankle sprain 

with each one causing the ankle to get weaker 

and more unstable. The more you can make 

sense of the period surrounding the acute injury, 

the more you can help the patient rehabilitate ful-

ly and prevent the problem from occurring again.

I spend the most of my time dealing with 

either acute injuries from overuse (like a Jones 

fracture secondary to 10 days of basketball in 12 

days), or just straight overuse where the weakest 

link in the chain starts complaining. Acute injury 

from overuse is where the athlete was overdoing 

activities and finally something (like a tear in the 

plantar fascia) started complaining.

The patient can tell you exactly when they 

felt pain that has not gone away. Straight overuse 

typically presents as a gradual onset of pain that 

slowly worsens over time until it finally forces the 

patient to accept some restriction in activities and 

start some treatment. This is where an under-

standing of the weakest link in the chain concept 

is important. When we overdo activities, and our 

bodies start complaining in an area, something is 

making that area a weak link. Our job is to find 

out why.

Practical Biomechanics Question #53: In a busy 

medical practice, an extensive history is normally 

done by a pre-visit questionnaire, with the pro-

vider glancing at the answers before delving more 

deeply with their own questions. In our mnemon-

ic, what does the letter “F” stand for? 

Richard Blake, DPM, MS, is adjunct faculty at the 

California School of Podiatric Medicine. He has 

practiced podiatry at the Sports and Orthopedic 

Institute of St. Francis Memorial Hospital in San 

Francisco, CA. Dr. Blake is Past President of the 

American Academy of Podiatric Sport Medicine. 

His book, Practical Biomechanics for the Podia-

trist, Book 1, is available from Amazon.com and 

Barnesandnoble.com.

Continued from page 53
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AMPARO CONFIDENCE 
SOCKET

The Amparo Confidence Socket enables a 

transformation in how prosthetic sockets are 

fabricated. By utilizing a never-before-used 

material, fabricating this lower limb socket is 

efficient and simple for an experienced pros-

thetist. Incorporating an innovative thermo-

plastic material allows for definitive sockets to 

now be created in less than an hour by directly 

fitting on a patient or molding over a plaster 

model. After the initial fitting, the Confidence 

Socket can be entirely remolded, or reshaped 

in specific areas, multiple times as the patient’s 

limb changes over time. The distinctive 

properties of the Confidence Socket material 

allow for the fabrication of a definitive socket 

anywhere that a clinician may need to care for 

an amputee. Whether at the nursing home, a 

hospital, a physical therapy office, or even at a 

patient’s home, the Confidence Socket can be 

successfully fit through the use of the Amparo 

Mobile Clinic kit.

Amparo Prosthetics

385/249-5196

Amparo-prosthetics.com

BOOT-LIKE EXOSKELETON 
INCREASES PACE, 
REDUCES EFFORT
Stanford University researchers have devel-

oped a boot-like exoskeleton that can assist 

with walking out in the “wild.” It uses ma-

chine-based learning to adapt to a wearer’s 

gait. The aim is to help people with mobility 

impairments, particularly older people, move 

throughout the world as they like. 

The major barrier for an effective exo-

skeleton in the past was individualization. To 

address that problem, the researchers collected 

motion and energy expenditure data from 

students and volunteers hooked up to an exo-

skeleton emulator to understand how the way 

a person walks with the exoskeleton relates to 

how much energy they are using. These data 

revealed the benefits of different kinds of as-

sistance offered by the emulator and informed 

a machine-learning model that the real-world 

exoskeleton now uses to adapt to each wearer. 

The untethered exoskeleton monitors move-

ment using only inexpensive wearable sensors 

integrated into the boot.

The exoskeleton makes walking easier 

and can increase speed by applying torque at 

the ankle, replacing some of the function of the 

calf muscle. When a person is first using the 

exoskeleton, it provides a slightly different pat-

tern of assistance each time the person walks. 

By measuring the resulting motion, the ma-

chine-learning model determines how to better 

assist the person the next time they walk. It 

takes about 1 hour of walking for the exoskel-

eton to customize to a new user. In tests, the 

researchers found their exoskeleton exceeded 

their expectations. According to their calcula-

tions, the energy savings and speed boost were 

equivalent to “taking off a 30-pound backpack.”

NEW SOCKET 
TECHNOLOGY PARTNERS 
WITH O&P PURCHASING 
GROUP
Amparo Prosthetics, an innovator in poly-

mer prosthetic technologies, announced its 

partnership with Empire Medical, a centralized 

purchasing department for the independent 

U.S. orthotics and prosthetics (O&P) market. 

This new relationship will allow all the mem-

ber practices of the Empire Medical network to 

access the Amparo Confidence Socket products 

through its online purchasing tools.

SAMX1 WEARABLE 
ULTRASOUND DEVICE

ZetrOZ Systems, creator and manufacturer 

of the sustained acoustic medicine (sam®) 

wearable ultrasound device product line, has 

introduced its newest innovation, the samx1. 

The samx1 delivers high-quality, effective soft 

tissue and injury healing capabilities at home. 

Designed for ergonomics and ultrasound 

New & Noteworthy
Noteworthy products, association news, and market updates
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A close-up of the untethered exoskeleton, which 
monitors movement using inexpensive sensors. 
Image courtesy of Kurt Hickman.



delivery to increase circulation and promote 

soft tissue healing, sam x1 delivers 33 times 

more energy than a bone-growth stimulator 

after just 1 hour of treatment. For treating 

acute and chronic musculoskeletal conditions, 

samx1 is an effective tool for decreased pain, 

increased movement and blood circulation, and 

improved quality of life. The sam gel capture 

patch creates the ideal connection and fit for 

healing. The wireless capability allows the de-

vice to attach securely and discreetly, balancing 

for weight but allowing patients to participate 

in aggressive activity. A rugged storage case, 

including 2 rapid chargers, a quick start guide, 

and a user manual, offers on-the-go usage.

ZetrOZ Systems

888/202-9831

zetrozsystems.com

WEARABLE CAMERA 
CAPTURES BODY 
MECHANICS IN 3D

Using a miniature camera and a customized 

deep neural network, Cornell University 

researchers have developed a wristband that 

tracks the entire body posture in 3D. Called 

BodyTrak, it is the first wearable to track 

the full body pose with a single camera. If 

integrated into future smartwatches, BodyTrak 

could be a game-changer in monitoring user 

body mechanics in physical activities where 

precision is critical.

“Since smartwatches already have a 

camera, technology like BodyTrak could 

understand the user’s pose and give real-time 

feedback,” said Cheng Zhang, PhD, assistant 

professor of information science at Cornell. 

“That’s handy, affordable, and does not limit 

the user’s moving area.”

The secret to BodyTrak is not only in 

the dime-sized camera on the wrist but the cus-

tomized deep neural network behind it. This 

deep neural network–a method of artificial 

intelligence that trains computers to learn from 

mistakes–reads the camera’s rudimentary im-

ages of the user’s body in motion and virtually 

recreates 14 body poses in 3D and in real time.

“Our research shows that we don’t need 

our body frames to be fully within camera 

view for body sensing,” said Hyunchul Lim, 

a doctoral student in the field of information 

science “If we are able to capture just a part of 

our bodies, that is a lot of information to infer 

to reconstruct the full body.” 

PLANTIGA SMART 
INSOLES

Plantiga is a smart insole system that tracks 

and analyzes biomechanics in the real world: in 

the clinic, on the field, or at home. The system 

enables the measurement of movement vital 

signs, so the user can be proactive instead of 

reactive, and live longer, happier, and healthier 

lives. Plantiga uses smart insoles, app-based 

visualizations, and automated reporting to give 

the user and healthcare practitioner access to 

information traditionally confined to cost-pro-

hibitive gait labs. The insoles are ultra-thin and 

wireless so high-quality movement analysis can 

be conducted in any environment. Practitioners 

can use the system to advance their in-clinic 

testing, conduct research on movement outside 

the lab, monitor patients or clients remotely, and 

more.

Plantiga

plantiga.com

MIS PRECISION CHEVRON 
BUNION SYSTEM

RELJA Innovations’ patent-pending MIS 

Precision Chevron Bunion System preserves 

the benefits of the proven chevron osteoto-

my for bunion correction, while allowing the 

procedure to be completed precisely and with 

a minimally invasive technique. It consists of a 

single pre-sterilized part number that contains 

both implants and instruments needed for the 

procedure. The same kit can be used for left 

or right feet, and on any size foot. Fixation 

is achieved by a 3.5mm diameter cannulated 

screw, precisely placed by the system instru-

mentation. Two screw lengths are provided 

that were shown to provide adequate fixation 

on any size foot. The system allows surgeons 

to perform a traditional and biomechanically 

stable chevron osteotomy with a surgical inci-

sion as small as 1cm. By minimizing soft tissue 

disruption, the MIS Precision Chevron Bunion 

System may produce beneficial results similar 

to other MIS systems.

RELJA Innovations

210/338-0580

reljainnovations.com

HEALTH MONITORING 
WITH FIBER-SENSORED 
SHOES
Researchers in the National Nanotechnology 

and Research Center (UNAM) at Bilken Univer-

sity, have developed next-generation technology 

in the form of shoes with fiber sensors that have 

the potential to diagnose many health problems 

from gait disorders to Parkinson’s, and has 

implications for use in orthopedics.
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partial images captured by the camera.
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Mustafa Ordu, PhD, who pioneered the 

development of this technology, stated that he 

developed the “flexible fibers that can generate 

electricity” in his laboratory at UNAM. The 

fiber sensors, which can continuously mon-

itor heartbeat and body temperature, can be 

integrated into clothing by knitting them as 

fabric thread. 

In trying to measure the walking patterns 

of people with the sensors, “Flat feet are com-

mon in many people, and tailor-made insoles 

are not widely used because they are too ex-

pensive,” said Ordu. “We work in partnership 

with doctors to develop personalized insoles 

by determining how much weight is given to 

which part of the foot with different sensors 

that we place in a shoe. We plan to eliminate 

walking problems over time by making person-

alized insoles.”

He went on to state that, thanks to the 

UNAM team’s efforts to enable smart phone 

integration, the sensors can also be used in the 

early diagnosis of neurological diseases such as 

Parkinson’s by detecting gait differences over 

time in those at risk. In addition, when placed 

under the shoes, the fibers have the potential 

to charge technological devices such as phones, 

as they have the capacity to generate electricity.

BIOSENSOR CAN 
MONITOR CONDITION OF 
SERIOUS WOUNDS
A new biosensor capable of accurately moni-

toring the condition of a chronic wound, such 

as diabetic foot ulcers, has been developed by 

a team of engineers and clinical academics 

at Nottingham Trent University (NTU) and 

Nottingham University Hospitals (NUH) NHS 

Trust in the United Kingdom. The aim is for 

the technology to be embedded into dressings 

so that they do not need to be continually 

removed and replaced to assess how a wound 

is healing. The team said that in time, the tech-

nology could help to reduce the risk of patients 

becoming seriously ill, prevent amputation, 

and save time and money.

Patients cannot currently assess the 

condition of a wound and health professionals 

are required to remove the dressing to assess 

it visually. This takes time as patients require 

an appointment and removing the dressing 

too soon risks lengthening the healing process, 

making scarring worse, or introducing an in-

fection. The dressing also needs replacing each 

time the wound is checked.

The new sensor, which is printed onto 

fabric, would be integrated in the dressing. 

The miniature sensor, which is lightweight 

and flexible, uses electrodes to analyze the 

concentration of specific proteins in a wound 

constantly and in real time. Using app-based 

technology, the patient would be able to take 

a reading and receive simple information by 

holding a smartphone near the dressing. That 

reading would determine whether the dressing 

required changing, can come off completely, or 

if the wound has an infection. They would then 

be able to book an appointment, if necessary, 

so that it can be checked by a clinician.

REABILITY WORKSTATION

The ReAbility WorkStation™ (RWS) can 

significantly help physical therapy clinics or 

health clubs add a new revenue source while 

improving the health and fitness outcomes of 

people with moderate to severe physical dis-

abilities. The RWS functional design requires 

only 370 SF of floor space accommodating up 

to 7 people per session. The unit can be easily 

rolled into a room or corner for daily storage 

using less than 35 SF. The RWS features 

include: hi/low mat/massage table; hi/low 

Pilates reformer and Pilates Cadillac; hi/low 

sliding exercise table; hi/low static standing 

frame; hi/low parallel bars; hi/low chin/

dip machine; overhead bungee core training 

suspension system; overhead XY traverse for 

gait and fall prevention training; body weight 

supported treadmill training; and dozens of eye 

hooks to attach Thera-tubes, ropes, and springs 

for additional client stations.

ReAbility Solutions Licensing

203/623-4198

reabilitysolutionslicensing.com

HANGER ACQUIRES 
SURESTEP
Hanger, Inc., a provider of orthotic and 

prosthetic (O&P) patient care services and 

solutions, announced the completion of its 

transaction to acquire Surestep, a manufac-

turer of custom pediatric orthotic devices. 

Financial details of the transaction were not 

disclosed. The collaboration will provide 
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The fibers have the potential to charge technological 
devices as they have the capacity to generate 
electricity.

Image of the sensor courtesy of NTU.



Surestep with access to additional resources 

and is a continuation of Hanger’s investment in 

its recently launched Pediatric Specialty, which 

was designed to help ensure children from 

infancy to young adulthood have access to the 

high-quality, individualized O&P care. The 

transaction also includes the Surestep’s sister 

company, Transcend O&P, which includes 13 

patient care clinic locations in 6 states. 

Surestep will be managed independent of 

Hanger Clinic, and the business will maintain 

its brand, leadership, and team, led by Surest-

ep Founder and Chief Executive Officer Bernie 

Veldman. Transcend O&P and its employees 

will integrate into the Hanger Clinic business.

TECH-INFUSED 
ATHLEISURE SOCKS

Hurdle, an innovative footwear brand, 

announced the launch of its tech-infused, 

athleisure sock line, MicroGravity Matrix. 

These socks, which are precision engineered 

and patented, offer a soft, multi-dimensional 

support network that offloads weight away 

from vulnerable areas of the foot and provides 

support and cushioning for all active lifestyles. 

MicroGravity Matrix socks have 2,000 micro 

air channels for ultimate breathability, along 

with enhanced blister protection from the 

ultra-thin MicroPly² knitting technology. The 

sock collection is available for both men and 

women and is offered in 3 different styles and 

various colors. Bundling and discount options 

are also available.

Hurdle Apparel

hurdleapparel.com 

REVITALIGN NEW MEN’S 
FOOTWEAR LINE

Waco Shoe Company has announced the 

inaugural products of the men’s Revitalign® 

footwear line: the Brewster™, Dundee™, and 

Siesta™ casual styles. The company designs, de-

velops, and sells Revitalign® lifestyle footwear 

for all-day comfort built around its innovative, 

research-based orthotic-driven insole. The foot-

wear is designed with Full Contact Comfort™ 

orthotic insoles to provide proper foot support 

and alignment to help with strains, aches, and 

pains in the legs, thighs, and lower back. The 

Brewster lace-up shoe pairs cotton twill with 

high-character full grain leather. The Dundee 

slipper features a corduroy upper and low-pile 

Sherpa lining. The Siesta slide has a tex-

tured canvas upper and fray detailing. All are 

available in men’s sizes 7 to 14, medium and 

wide. Each product includes the innovative sole 

design along with deep heel cupping, orthotic 

arch support, and cushioned forefoot.

Waco Shoe Company

844/827-0439

wacoshoecompany.com

Z-LINER INSOLES

Z-Liner insoles adapt and form to the shape 

and pressure points of the wearer’s feet after 

only 1 week of wear, whether they are flat 

footed, high arched, or anything in between. 

They’re also machine washable and anti-bac-

terial, allowing the wearer to keep their feet 

clean and fresh. These insoles are crafted with 

ZL™ technology, a next-generation material 

engineered using a patented honeycomb design 

that enhances breathability and energy return, 

absorbing and dissipating shock and provid-

ing arch support to reduce stress and fatigue 

on the wearer’s feet. Z-Liner insoles are kind 

to the wearer’s skin, as no glues or bonding 

compounds are used in production, keeping 

feet free from harmful chemicals. They are 

designed, manufactured, and tested in-house, 

allowing the company to provide premium 

insoles that do not compromise quality. Money 

back guarantee.

Z-Liner Labs

z-liner.com
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NEW & NOTEWORTHY 

DO YOU HAVE A NEW 
PRODUCT OR NEWS? 
We want to hear about your new product, 
news, or innovation! We want to hear from 
you! Please send information to  
Laura@LERmagazine.com
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The LAST WORD THE LAST
WORD

Source: Gronwald T, Klein C, Hoenig T, et al. Hamstring injury patterns in professional male football (soccer): a systematic 
video analysis of 52 cases. Br J Sport Med. 2022;56:165-171.



Graph-Rite
The GrThe Graph-Rite can be used 
for most applications including 
sports. It enhances 
biomechanical correction 
using a lightweight, thin 
material. Manufactured for the 
active patient or athlete who 
needs contneeds control in tighter fitting 
foot gear.

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

OrthoRite 
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Discover more at
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