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Guest Editorial
Understanding Sensitivity and
Specificity of Screening Tools
for Early Detection of DFUs
By Lynn Soban, PhD, MPH, RN
In his June anniversary issue commentary,
Proper Diabetes Care Can Reduce Rising Lower
Extremity Amputation Rates (LER July 2019),
Mark Hinkes, DPM, responded to the disheartening news that lower extremity amputations
are increasing in the United States with a call
to action: “I believe that the time has come for
the standard of care of diabetic foot pathology to
be PROACTIVE and that change in philosophy
embraces PREVENTION.”
Today’s standard practices for diabetic
foot screening involve physician and patient
assessments that are high touch and low tech…
and time-consuming. At a time where technology has profoundly changed our daily lives, it
is hard to believe these effects have not spilled

iStockphoto.com #1069567532

over into the prevention and early detection of
diabetic foot ulcers (DFUs). But reading the
new study by Lavery et al., “Unilateral remote

specificity: an increase in sensitivity (the ability

be weighed within the context of the disease in

temperature monitoring to predict future ulcer-

to correctly identify people with the condition)

terms of the relative importance of false positivi-

ation for the diabetic foot in remission,”1 makes

results in a decrease in specificity (the ability

ty versus false negativity.

me optimistic that the tide is about to turn. If

to correctly identify those who do not have the

this happens, the next question will be: “how do

condition) and vice versa. Airport metal detec-

New Tools Are Here…NOW

clinicians judge the effectiveness of such new

tors are a prime example of this: to ensure that

A brief description of the findings from Lavery

technologies?”

true threats are detected, airport metal detectors

et al appears on page 13. These findings show

are set to levels of very high sensitivity which

that use of a smart mat to measure foot tem-

result in lower levels of specificity. As a result,

perature has promise for predicting develop-

travelers frequently experience false positive

ment of DFUs among patients with a prior

screening results related to coins, belts, and

amputation an average of 41 days before clinical

keys. The public safety decision was made that

presentation.1 Statistical models indicated that

sons with a condition who correctly test positive

it would be safer for everyone to have a few peo-

the mat had a sensitivity of 91% and a specific-

when screened. A test with poor sensitivity will

ple—the false positives—be re-screened, rather

ity of 46%.

yield many false-negatives.

than lower the sensitivity and miss a risk.

In the spirit of optimism, I provide a very
brief answer to this question.
The accuracy of a screening test is measured by its sensitivity and specificity.
Sensitivity refers to the proportion of per-

Specificity refers to the proportion of

In medical screening, false positive results

Similar to the airport metal detectors, the
smart mat is characterized by high sensitivity

persons without a condition who correctly test

can produce a series of adverse consequences

and lower specificity. In other words: the mat

negative when screened. A test with poor speci-

including psychological stress and risks associat-

correctly predicted 91% of impending non-

ficity will yield many false-positives.

ed with further tests and procedures. The results

acute plantar foot ulcers (a 9% false negative

of sensitivity and specificity analyses need to

rate); and correctly predicted 46% of patients

There is a tradeoff between sensitivity and

Continued on page 10
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Continued from page 9

who did not have an impending non-acute

rent standards of care will remain an important

plantar foot ulcer (a 54% false positive rate).

part of DFU prevention, including following

What makes me optimistic is that the DFU is

up positive results to determine accuracy. The

only impending—still 41 days away! Such early

good news today is that technology appears to

warning means there’s still time for prevention.

be moving us closer to the goal of proactive,

A 54% false positive rate appears to be a
reasonable tradeoff given the high the stakes
that accompany development of a DFU:
• 85% of all lower extremity amputations in
the diabetic population are proceeded by a
foot ulcer;
• 38% of all diabetic patients who undergo

preventive care for DFUs.
Lynn Soban, PhD, MPH, RN, is a health services
researcher and implementation scientist with expertise in quality improvement related to pressure
ulcer prevention. She lives in Santa Monica,
California.

lower extremity amputations will lose the

Reference

other leg in 3 years;

1. Lavery LA, Petersen BJ, Linders DR, et al.

• and 75% of diabetic patients who undergo

Unilateral remote temperature monitoring

lower extremity amputations will not

to predict future ulceration for the diabetic

survive 5 years.

foot in remission. BMJ Open Diab Res Care.

Early results also indicate that this

2019; 7: e000696.

monitoring offers an easy and acceptable way
for patients to monitor their feet for signs of
impending DFUs.
Technology is not the only answer and,
given the likelihood of false positive results, cur-

iStockphoto.com #513237084
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Unilateral remote daily
temperature monitoring to predict
diabetic foot ulcers shows promise

treatment of an unhealed wound. DFUs are likely to recur in anatomical
locations distinct from the primary location; patients being treated for
a wound and those who experienced a LEA are at an elevated risk for
diabetes-related complications to the sound foot.
Now, a new study, published in BMJ Open Diabetes Research &

By Lynn Soban, PhD, MPH, RN

Care, examined the predictive ability of this technology for patients with
only one foot available for evaluation. Researchers performed secondary analysis of data from a 129-participant study of individuals with a
history of both diabetes mellitus and a previously-healed plantar DFU;
participants were followed for a maximum of 34 weeks. The study device
was a daily remote temperature monitoring foot mat (Remote Temperature Monitoring System; Podimetrics, Somerville, MA, USA). Analysis
examined temperatures and outcomes of single feet to assess sensitivity,
specificity, and lead time associated with unilateral diabetic foot temperature monitoring.
Results of this analysis were very encouraging: monitoring a single
foot was found to predict 91% of impending non-acute plantar foot ulcers
Figure 1. The technology used in this study was a remote temperature monitoring
foot mat certified as a “high-traction” product by the National Floor Safety Institute
and legally marketed in the USA as a class I medical device. Photo is courtesy of the
manufacturer, Podimetrics, Somerville, Massachusetts.

an average of 41 days before clinical presentation with a specificity of
46%. Given the high incidence of subsequent diabetic foot complications

Diabetic foot ulcers (DFUs), the primary antecedent to diabetes-related
lower extremity amputation (LEA), are common, costly, and preventable. Following a period of decline in incidence, the Centers for Disease
Control and Prevention found the occurrence of diabetes-related LEA had
rebounded an alarming 50% percent between 2009 and 2015. This troubling trend is a reminder of the need for diligent attention and innovation
in the area of DFU prevention.
Prevention of DFUs is possible: Indeed, a 2016 study by Bus and
van Netten showed that 75% of DFUs are preventable with the routine
provision of comprehensive preventive foot care.
Once daily remote foot temperature monitoring is an effective,
recommended, and emerging practice for reducing incidence of DFU.
This type of monitoring is able to spot potential inflammation that, left
unchecked, can lead to DFU, infection, or even acute Charcot neuroarthropathy. Prior research found that use of a smart mat with specialized
sensors to assess asymmetry in foot skin temperatures demonstrated
97% sensitivity to detect all non-acute plantar DFUs an average of 35
days before clinical presentation. Such early warning would allow a
patient’s care team the opportunity to intervene earlier than normally
possible.
Unfortunately, many at-risk patients are unable to measure temperatures on both feet due to a history of high-level amputation or ongoing

Data from: Örneholm H, Apelqvist J, Larsson J, et al. Recurrent and other new foot
ulcers after healed plantar forefoot diabetic ulcer. Wound Rep and Reg 2017;25:309–15.
Continued on page 14
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in patients with a history of proximal LEA and those being treated for a

injury associated with individuals wearing shoes with minimal torsional

wound, use of daily temperature monitoring in these populations has the

stiffness and heel height when compared to those wearing shoes with

potential to significantly reduce morbidity, mortality, and resource utili-

greater levels of torsional stiffness and heel height.

zation related to DFU. Future research using primary data would allow

This large-scale prospective cohort study included 1025 incoming
cadets with 827 participants included within the final analysis. Shoe

independent validation of these very promising findings.

torsional stiffness and heel height were calculated and recorded using a

Lynn Soban, PhD, MPH, RN, is a health services researcher and implementation scientist with expertise in quality improvement related to
pressure ulcer prevention. She lives in Santa Monica, California.

novel torsional shoe stiffness device designed and manufactured for the
specific purposes of this investigation (see Figure). Lower extremity injuries sustained over 9 weeks during cadet basic training were documented.

Source: Lavery LA, Petersen BJ, Linders DR et al. Unilateral remote

Kaplan-Meier survival curves were estimated with time to incident lower

temperature monitoring to predict future ulceration for the diabetic foot

extremity injury as the primary outcome by level of the independent pre-

in remission. BMJ Open Diab Res Care 2019; 7: e000696.

dictor variables. Risk factors or potential covariates were carried forward
into multivariable Cox Proportional Hazards Regression Models. Also,

See also: Frykberg RG, Gordon IL, Reyzelman AM, et al. Feasibility and
efficacy of a smart mat technology to predict development of diabetic
plantar ulcers. Diabetes Care 2017;40:973–80.

absolute and relative risk reduction and numbers-needed-to-treat were
calculated.
Approximately 18.1% of participants incurred a lower extremity inju-

Association Between Running
Shoe Characteristics and Lower
Extremity Injuries in United
States Military Academy Cadets

ry with a median time to lower extremity injury of 15 days. Cadets wear-

By Gary Helton, PT, DSc, SCS, OCS

those wearing shoes with extreme lateral torsional stiffness were still 21%

ing shoes with mild and moderate lateral torsional stiffness were 36%
and 49% less likely to incur a lower extremity injury than cadets wearing
shoes with minimal lateral torsional stiffness, both statistically significant
observations. Injury risk was statistically similar among cadets wearing
shoes with minimal and extreme lateral torsional stiffness; however,
less likely to incur a lower extremity injury than those wearing shoes with
minimal lateral torsional shoe stiffness. Cadets wearing shoes with mild
and moderate heel height were 39% and 31% less likely to incur a lower
extremity injury than those wearing shoes with minimal heel height,
observations likely of clinical importance yet not statistically significant.
All observations were made with the influence of gender, ethnicity, and
history of injury controlled.
Shoes with mild to moderate lateral torsional stiffness and heel
height may be appropriate in reducing risk of lower extremity injury in
cadets. Shoes with minimal lateral torsional stiffness should be discouraged in this population. Risk reduction analyses indicated that one only
needed to treat 8-11 people with a shoe with mild to moderate lateral
torsional stiffness and heel height to prevent 1 lower extremity injury.
The observations of this study have important implications for shoe
wear policy and recommendations within the military and athletic training

iStockphoto.com #657681624

environment. Other agencies that conduct training similar to the military
may want to consider avoiding the extremes of lateral torsional stiffness

Running-related overuse injuries are very common among recreational
runners with the reported annual injury rates ranging from 39% to 85%.
There are few large prospective cohort studies investigating injury risk

and heel height as well. Last, this study provides guidance for shoe manufacturers that can be used to manufacture shoes less likely to contribute to
injuries within the military and athletic training populations.

associated with different running shoe characteristics and they are often

Source: Helton GL, Cameron KL, Zifchock RA, et al. Association

contradictory. Our goal was to prospectively investigate the relationship

Between Running Shoe Characteristics and Lower Extremity Injuries in

between running shoe characteristics and lower extremity musculoskel-

United States Military Academy Cadets. J Sports Med. 2019; 2019;doi:

etal injury with a hypothesis that there would be an increased risk of

10.1177/0363546519870534. Epub 2019 Sep 9.
Continued on page 17
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KneeKG Effective in Management
of Knee Osteoarthritis
Knee osteoarthritis (OA), a chronic progressive disease, is a common
complaint in adults over age 45. Indeed, osteoarthritis is the most
common joint disorder in many countries, affecting for example 13.9%
of adults 25 years and older and 33.6% of people 65 years and older in

About the Trial
In the cluster randomized controlled trial, which was published in
Postgraduate Medicine, primary care clinics were randomized into three
groups, as outlined in Figure 1. Primary outcomes were scores on the
Knee injury and Osteoarthritis Outcome Score (KOOS) subscales and
overall score.
For the knee kinesiography exam, trained technicians monitored the

the United States. The challenge for clinicians is the multifactorial nature

patients using the KneeKG validated marker attachment brace while they

of the disease and understanding the everyday mechanical factors that

walked on a treadmill at a self-selected speed (Figure 2). Per previous

affect it. While various guidelines are available for treatment guidance,

works, the brace captures 3D knee kinematics with accuracy of coronal

every patient’s management needs to be individualized, which can be

and axial rotation measurements established at 0.4° and 2.3° respective-

time-consuming. Furthermore, assessment tools that have been validated

ly; its reliability (intra- and inter-raters) achieved intra-class coefficients

for conservative care are lacking.

of 0.88 to 0.94 for measuring 3D knee kinematics. The KneeKG software

Now, recently published results from a randomized, controlled clinical trial have demonstrated that use of a new technology for assessing
knee joint movement—knee kinesiography—in patients with osteoarthritis can help reduce pain, improve patient quality of life, and may even
reduce the need for surgery.
Canadian researchers were testing the KneeKG™ (Emovi Inc., Canada), a medical device that enables healthcare professionals to accurately
assess patients’ knees in 3D while the patient is moving and weight-bear-

automatically identifies presence of mechanical markers known to be
risk factors of knee OA progression, such as varus thrust or offset toward
internal tibial rotation. Clinicians in the 2 intervention groups received a
report that summarized each patient’s musculoskeletal assessment and
the objective mechanical markers identified and recommended personalized treatments (eg, mechanical interventions, specific sports activities)
plus a personalized home-based exercise program targeting the identified
mechanical knee deficiencies.
Of the 894 patients referred from 87 clinics, 515 participated, and

ing. The trial findings indicate that integrating data from the device’s

449 (87.2%) completed the study. At the 6-month follow-up appoint-

objective biomechanical evaluation into the management of patients with

ments, patients in Group 2 and Group 3, the KneeKG groups, reported

knee osteoarthritis, can significantly reduce patients’ pain while improv-

statistically significant improvement on the KOOS overall score (Group

ing their function and satisfaction levels.

2: +5.5; Group 3: +5.05) and on symptoms, pain, and activities of daily

Figure 1. The care pathway for each of the intervention groups.

Continued on page 18
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and corrected through therapy and exercise. In addition, the authors noted that Group 3 had a significantly larger number of patients who were
more adherent to the therapeutic recommendations and suggested that
the addition of education and supervision contributed to improvement in
objective function as well as the perceived global impression of change.
The authors also noted that while satisfaction was significantly
higher in the 2 intervention groups, dissatisfaction in the control group
was nearly 25%, with 1 in 4 patients reporting that they felt their knee
OA “had not been taken care of.” The authors speculated that the higher
levels of satisfaction in the intervention groups may be the result of “enhanced patient understanding of the causes of their symptoms facilitated
by the KneeKG results.
These findings also appear to demonstrate that this technology
may enhance clinicians’ capability and knowledge base to immediately
pinpoint functional deficits that correlate to the patient’s knee pain.
Figure 2. The KneeKG validated marker attachment brace is placed on the
patient’s lower limb. 3D knee kinematics are captured while patient walks on a
conventional treadmill at a self-determined comfortable speed. Image is compliments
of the manufacturer, Emovi Inc., Canada.

living subscales (all P<.001). The study also demonstrated higher levels

Recognition of the specific deficit would enable the healthcare provider to
determine the most appropriate patient specific care to achieve better outcomes and restore optimal knee function, which could potentially delay
the need for knee replacement as suggested by a previous study.
In addition to improving patient quality of life with the reduction of

of patient engagement in Groups 2 and 3 as they reported significantly

symptoms and pain, the authors concluded the addition of this kind of

higher satisfaction levels with global care (both P < 0.01). Group

technology to current medical management of knee OA would provide

3-CMM+KneeKG+Education showed statistically significant improve-

support for clinical decision-making when creating a conservative treat-

ments in objective functional tests as well as greater global impression

ment plan.

of change in pain, function, quality of life, and global condition (all P <
Source: Cagnin A, Choinière M, Bureau NJ, et al. A multi-arm cluster

0.05).
In discussing the results, the authors noted that this technology

randomized clinical trial of the use of knee kinesiography in the man-

represents a validated tool that can provide quantitative information on

agement of osteoarthritis patients in a primary care setting, Postgraduate

biomechanical markers and misalignment issues that can be recognized

Medicine. 2019;DOI: 10.1080/00325481.2019.1665457.

AN EXCERPT

Physical Frailty: ICFSR
International Clinical
Practice Guidelines
for Identification and
Management
Frailty is prevalent in all countries and is a

mortality when exposed to a stressor.” Frailty

also elevated in persons with lower education,

can begin before 65 years of age, but the onset

low socioeconomic position, or from ethnic

escalates in those aged 70 years and over.

minority groups. In addition, women tend to

Nonetheless, frailty is not an obligatory part

have a higher prevalence of frailty than men,

of the ageing process, and many adults reach

although they may be more resistant to decline

advanced ages without developing frailty.

in frailty status over time.

Accordingly, various long-term risk factors

The number of older adults with frailty is

of frailty, like overweight/obesity, physical

increasing, likely due to increased survival of

inactivity, cardiovascular risk, self-rated health,

older adults with co-morbidities, more expo-

and alcohol use have been identified.

sure to sedentary lifestyles, and smaller social

The current estimate of physical frailty

support networks. There is much potential for

leading contributor to functional decline and

prevalence is around 15% for adults aged 65

frailty to be reversed, particularly in its early

early mortality in older adults. The condition

years and over, based on a recent meta-anal-

stages. For that reason, early identification and

is defined as “a clinical state in which there is

ysis of community-dwelling older Europeans.

management of frailty is an important priority

an increase in an individual’s vulnerability for

In adults aged over 85 years, prevalence

for both healthcare providers and healthcare

developing an increased dependency and/or

increases to over 25%. Frailty prevalence is

policy makers.
Continued on page 21
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Finally... an effective and
affordable scanning solution
for foot orthotics.
CONVENIENT
EFFICIENT
PORTABLE

The Levy ® iPad scanner
offers clinicians a quick, easy
and accurate scanning
method for foot orthotics.
The intuitive software gives you the power, precision and control to include modifications and
select the device you prescribe from our complete catalog of products.

1-800-564-LEVY (5389)
LevyandRappel.com
339 10th Street
Saddle Brook, NJ 07663

Continued from page 18

TABLE 1: Summary of ICFSR evidence-based recommendations and clinical considerations for the
identification and management of frailty in older adults
Recommendation

Grade

Certainty of Evidence

Strong

Low

Strong

Low

3. A comprehensive care plan for frailty should systematically address polypharmacy,
the mana- gement of sarcopenia, treatable causes of weight loss, and the causes
of fatigue (depression, anaemia, hypotension, hypothyroidism, and vitamin B12
deficiency)

Strong

Very Low

4. Where appropriate, persons with advanced (severe) frailty should be referred to a
geriatrician

CBR

No data†

5. Older people with frailty should be offered a multi-component physical activity
programme (or those with pre-frailty as a preventative component)

Strong

Moderate

6. Health practitioners are strongly encouraged to refer older people with frailty to
physical activity programmes with a progressive, resistance-training component

Strong

Moderate

7. Protein/caloric supplementation can be considered for persons with frailty when
weight loss or undernutrition has been diagnosed

Conditional

Very Low

8. Health practitioners may offer nutritional/protein supplementation paired with physical
activity prescription

Conditional

Low

9. Advise older adults with frailty about the importance of oral health

CBR

No data†

CBR

Very Low

11. Vitamin D supplementation is not recommended for the treatment of frailty unless
vitamin D deficiency is present

CBR

Very low

12. Cognitive or problem-solving therapy is not systematically recommended for the
treatment of frailty

CBR

Very low

13. Hormone therapy is not recommended for the treatment of frailty

CBR

Very low

14. All persons with frailty may be offered social support as needed to address unmet
needs and encourage adherence to the Comprehensive Management Plan

Strong

Very low

15. Persons with frailty can be referred to home-based training

Conditional

Low

Frailty Screening
1. All adults aged 65 years and over should be offered screening for frailty using a
validated rapid frailty instrument suitable to the specific setting or context

Frailty Assessment
2. Clinical assessment of frailty should be performed for all older adults screening as
positive for frailty or pre-frailty

Development of a Comprehensive Management Plan

Physical Activity/Exercise

Nutrition and Oral Health

Pharmacological Intervention
10. Pharmacological treatment as presently available is not recommended therapy for
the treatment of frailty

Additional Therapies and Treatments

Where sufficient evidence was available from systematic reviews/meta-analyses, recommendations were ranked according to the GRADE approach (1). Where evidence
was limited in systematic reviews/meta-analyses or for topics beyond the scope of systematic reviews, Consensus Based Recommendations (CBR) were formulated by
the International Conference of Frailty and Sarcopenia Research (ICFSR) task force on frailty; † ‘No data’ indicates no data identified by systematic reviews.

frailty in older adults. The recommendations

identify/screen all older adults for frailty using

al Conference of Frailty and Sarcopenia

(see Table, above) focus on the clinical and

a validated instrument suitable for the specific

Research (ICFSR) developed these clinical

practical aspects of care for older people with

setting or context. Ideally, the screening instru-

practice guidelines to overview the current

frailty and promote person-centered care.

ment should exclude disability as part of the

The task force of the Internation-

evidence-base and to provide recommendations for the identification and management of

In general, the task force strongly

screening process. For individuals screened

recommends that health practitioners case

as positive for frailty, a more comprehensive
Continued on page 22
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Continued from page 19

clinical assessment should be performed to

tation is recommended when weight loss or

identify signs and underlying mechanisms of

undernutrition are present (conditional recom-

frailty (strong recommendation). For manage-

mendation). No recommendation was given

ment, a comprehensive care plan for frailty

for systematic additional therapies such as

should address polypharmacy (whether rational

cognitive therapy, problem-solving therapy, vi-

or nonrational), the management of sarcope-

tamin D supplementation, and hormone-based

nia, the treatable causes of weight loss, and

treatment. Pharmacological treatment as

the causes of exhaustion (depression, anemia,

presently available is not recommended therapy

hypotension, hypothyroidism, and B12 defi-

for the treatment of frailty.

ciency) (strong recommendation). All persons
with frailty should receive social support as
needed to address unmet needs and encourage adherence to a comprehensive care plan
(strong recommendation). First-line therapy
for the management of frailty should include a
multicomponent physical activity program with
a resistance-based training component (strong
recommendation). Protein/caloric supplemen-

iStockphoto.com #887592484

Source: This excerpt is from Dent E, Morley JE, Cruz-Jentoft AJ, et al. Physical Frailty: ICFSR International Clinical Practice Guidelines for Identification and Management. J Nutr Health Aging.
2019;23:771. https://doi.org/10.1007/s12603-019-1273-z. References have been removed for brevity. Use is per the Creative Commons Distribution 4.0 International License. To read the full
article, go to https://link.springer.com/article/10.1007/s12603-019-1273-z#citeas.
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Allard USA would like to CONGRATULATE

CAROL HIEMSTRA-PAEZ

as she announces her RETIREMENT.
Carol has spent over 50 years selling, marketing and
developing products for the O&P industry, working for
various companies such as Stryker, Zimmer, Camp
Healthcare, Hanger and Allard USA.
Carol Hiemstra-Paez “Is the reason Allard USA exists
today” says Dennis Williams, Allard USA CEO.
Carol started working for Allard in 1997 with the mission to
introduce two industry significant products into North and
South America. The two newly patented, innovative products;

1. The world’s first carbon composite AFO, named ToeOFF®
2. S.W.A.S.H®, the world’s first variable abduction hip orthosis.
It wasn’t an easy road in the early days for the ToeOFF® AFO, she recalls many practitioners’ inital response,
“There is no way a prefabricated AFO can offer the stability and support of my custom fabricated plastic
AFO”.
S.W.A.S.H®, was also initially met with some resistance, physicians saying “I fix adductor tone with surgery”.
Thanks to Carol’s dedication and passion for these life-changing products, she was
instrumental in developing creative marketing and education strategies to change those mindsets and to
set up the American distribution center in Rockaway, New Jersey.
In addition, over the past 22 years, she has been a key liaison working closely with the Swedish R&D
development team and marketing department to develop products and marketing strategies to meet
the needs of its customers and patients creating “Support for Better Life”.
Carol tells us, “she plans to use her golden years to spend more time with her family, help her
husband with the gardens surrounding their Florida home, and make use of her pottery studio”.

Vaping

How Smoking E-Cigarettes Affects
Physiology and Athletic Performance
Editor’s Note: As of press time, the US Centers for Disease Control has reported 1299
cases of e-cigarette- or vaping-associated lung injury (EVALI) and issued interim
guidance to assist with assessment, evaluation, management, and followup. The
cases have been reported in 49 states and the Distric of Columbia, with 26 deaths
reported across 21 states.
By Nicole Wetsman
For the past few years, popular conversation has pointed

in marijuana. However, the standard, legally available

to e-cigarettes and vaporizers as a safer way to consume

products containing nicotine also have health effects,

tobacco than other products, like cigarettes. But research

according to research conducted over the past few

on that method of tobacco consumption, and a spate of

years. Nicotine’s well-documented effects on the way

recent illnesses, has complicated that narrative: more

the adolescent brain forms synapses can harm the parts

than 1200 people have been affected by respiratory

of the brain that control attention, learning, mood, and

illnesses associated with e-cigarettes and vaping, and

impulse control. (See “E-Cigarette, Vaping, Terminology

nearly a dozen people have died.

and Facts,” page 30.)

The Centers for Disease Control has determined

Like other forms of tobacco, these products are

that the majority of the illnesses are from illicit vaporizer

sometimes used by athletes, both adult and adolescent.

products that contain THC, the psychoactive ingredient

As a result, it’s important to identify the factors that may
Continued on page 26

“If vaping interferes with the body’s ability to
heal, it would interfere with the athlete’s ability
to train well or reap the benefits of training.”
Jeffrey Spiegel, MD
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might be that kids think vaping or e-cigarettes

Continued from page 25

contribute to harm specific to athletes, as well as
the patterns of use in that population.
“Coaches believe that their athletes are already healthier than others. They believe they’re
not using substances, but it’s sometimes a dirty
secret in athletic communities,” said Philip Veliz,
PhD, associate director of the Sport, Health,
and Activity Research and Policy Center at the
University of Michigan. “We can’t turn a blind
eye. It’s something that has to be addressed in
sports organizations.”

Use Among Athletes
Because vaping only emerged as a popular trend
a few years ago, there still isn’t much specific
research on how and which types of athletes
might be most likely to engage in this behavior,
Veliz explained. However, the work that’s been
done so far points to some key differences
between vaping and other types of tobacco use
in adolescent athletes, in particular.
Research on cigarette smoking indicates
that adolescents who participate in physical activities, such as sports, are less likely to smoke.
Some sports, though, are less protective against
cigarette smoking than others: kids who play
contact sports, like football, are at a higher risk
than kids who run cross country, for example.1
Veliz analyzed data from the 2014 and
2015 Monitoring the Future survey, which
collects information on drug use and attitudes
among around 15,000 high school students.2 A
subset of that year’s survey completed additional
questions about e-cigarette use. Veliz compared
reported sports participation with e-cigarette or
cigarette use. As in previous work, this dataset

are safer than cigarettes. Athletes might also see

likely to use cigarettes. However, he found no
difference between athletes and non-athletes
with regards to their reported e-cigarette use
over the 30 days before taking the survey.
Wrestlers were at the greatest risk of using
all tobacco products, including e-cigarettes.
Baseball and softball players also had a notably
higher risk of using e-cigarettes.
“There isn’t a protective effect of sports
participation against vaping, not the way that
there is for cigarette use,” Veliz said. “The idea
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However, nicotine is not the only com-

that is the case, and that it wouldn’t impact their

ponent of e-cigarettes that can affect vascular

sports the same way.”

health, according to Alessandra Caporale, PhD,

However, he noted, the research into

a post-doctoral researcher in the Laboratory for

vaping, e-cigarettes, and athletes is still in early

Structural, Physiologic, and Functional Imaging

stages. The survey did not explicitly ask about

at the University of Pennsylvania School of

any use of Juul, a brand that is particularly pop-

Medicine. Caporale led a study that examined

ular with teens and adolescents. Many young

vascular function following use of nicotine-free

people, when asked if they vape, will say that

vaping and e-cigarette products. “We initially

they do not, even if they use Juul—it’s thought

thought the major effect would be nicotine. But

of as distinct. Because vaping only became

inside the e-cigarette aerosol are other compo-

popular among teens and adolescents recently,

nents,” she said. Propylene glycol and glycerol,

and also only recently emerged into the public

two common components of the liquids vapor-

consciousness, data on the groups who do and

ized in these products, can be irritants when

do not vape is still not available. “We still have

inhaled, she noted, adding that tiny particles of

to wait,” Veliz said. “It’s going to probably be

metals, smaller than 100 nanometers, have been

another year or year and a half before we see

detected as being released by e-cigarettes. Such

anything new.”

small particles can cause vascular inflammation,

Vascular Effects

as well as other effects.
Using an MRI, Caporale’s study measured

Although data on the demographics of ath-

vascular function in 31 non-smokers before and

letes and vape and e-cigarette use are limited,

after they inhaled e-cigarette vapor that did

research into the physical effects of using those

not contain nicotine.4 “We imaged the femoral

products reveal potential impacts that might be

artery,” Caporale said. “We used a cuff, the same

particularly harmful to and impede performance

type of cuff used to measure blood pressure,

in people participating in sports.

around the upper thigh, and inflated it. Then we

For example, research shows that vaping

monitored the response of the artery after the

can affect blood flow and blood vessels. Nicotine

cuff was released.” In a normal, healthy vessel,

is a known vasoconstrictor, regardless of deliv-

when the cuff is released, the artery should

ery method. One study, published in the journal

dilate to allow more oxygenated blood to return

Chest in 2016, found that e-cigarettes and tra-

to the tissue. “There should be vasodilation to

ditional cigarettes containing the same levels of

allow more blood through,” she said.

nicotine both increased levels of oxidative stress

After the participants inhaled the e-ciga-

and negatively affected flow-mediated dilation,

rette vapor, however, dilation was reduced by

the widening of arteries as blood flow increases.3

around 34%, indicating changes to the inner

Flow-mediated dilation is a measure of blood

lining of the vessels, which controls dilation.
“The endothelium was not functioning prop-

showed that kids who played sports—especially
those who played 3 or more sports—were less

vessel health.

Propylene glycol and
glycerol, two common
components of the
liquids vaporized in
these products, can be
irritants when inhaled...
Alessandra Caporale, PhD
lermagazine.com

erly,” Caporale said, adding that these findings
should be extrapolatable to other vessels in the
body, although those were not examined in this
specific study.
Those effects on vessels are imperceptible,
she said, so e-cigarette users would not notice
that anything was different. Those effects on a
single use also resolve after around 4 to 6 hours.
However, when the vapor is inhaled consistently,
it has the potential to cause long term, lingering
vascular problems.
Continued on page 29

Continued from page 26

Data from the Monitoring The
Future survey showed no difference
between athletes and non-athletes
with regards to reported e-cigarette
use over the prior 30 days...
Philip Veliz, PhD

Even transient changes in blood vessels

dents exposed to cigarettes and e-cigarettes saw

legislative action on vaporizer products and

might affect athletes, though, Caporale said.

more tissue death in the wound than controls,

e-cigarettes, however, might restrict their use

“When you go to the gym, your muscles need a

indicating that the wound healing process was

significantly. “It may be that additional research

boost of oxygenated blood. They need reactive

impaired. Changes in vascular function and

into vaping becomes less valuable, because it’s

and healthy vessels to dilate as needed. If the

blood flow to the wound, likely caused by the

going to be uncommon soon,” he said.

ability of vessels is impaired, it means the whole

nicotine in both products, might have contribut-

system is down, and doesn’t work as well.”

ed to that complication.
While this study was conducted on ro-

But until that point, athletic organizations
and experts working with young athletes need
to keep an eye on their use, according to Veliz.

Wound Healing

dents, and it’s unclear how vaping and e-ciga-

“I don’t know if it’s 100% on their radar. It took

Vascular impairment might also contribute

rettes affect wound healing in humans, Spiegel

a while for them to, for example, start thinking

to another way early research shows vaping

said he would expect the impairment would

about prescription painkillers. But I do think it’s

impacts health. Patients are warned to stop

remain. “You can’t be certain,” he said,. “but it’s

starting to pick up traction.”

smoking traditional cigarettes before they have

a compelling argument. I think the detrimental

surgery, because the evidence shows that smok-

effects of cigarettes are similiar, so it crosses
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ers have a higher chance of complications and

over.”
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is a constant cycle of micro-injuries. Exercise

response, he conducted a study to see if e-cig-

causes microscopic tears in muscle fibers, which

arettes affected wounds in the same way that

heal to regrow stronger. “If vaping interferes

traditional cigarettes do.5

with the body’s ability to heal, it would interfere

Over the past few years, Jeffery Spiegel,

“Wound healing is a pretty good model for

with the athlete’s ability to train well or reap

physical health in general,” Spiegel explained.

the benefits of training,” Spiegel said. “It’s the

“You need good nutrition, good blood flow to

same way for people with bad diabetes, or an

heal an injury.”

autoimmune disease, or anything that interferes

The study exposed 15 rats to traditional

with their ability to heal. We can’t expect them

cigarette smoke and 15 rats to e-cigarette vapor

to be able to reach the types of performance of

for 30 minutes twice a day for 30 days.5 Fifteen

an elite athlete.”

rats were left as controls, with no cigarette

Research on vaping is still in early stages,

exposure. After 30 days, a piece of tissue was

Spiegel noted, and there are still open questions

removed from the rodents’ backs and surgically

about the product’s impact on human health

reattached to simulate a surgical procedure. Ro-

and performance. Continued regulatory and
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this aerosol when the user exhales it into
the air.
• E-cigarette devices can be used to deliver
marijuana and other drugs.

What do e-cigarettes look like?
FROM US CENTERS FOR DISEASE
CONTROL AND PREVENTION

E-CIGARETTE, VAPING,
TERMINOLOGY AND FACTS
What are e-cigarettes?
• E-cigarettes are electronic devices that
heat a liquid and produce an aerosol, or
mix of small particles in the air.
• E-cigarettes come in many shapes and
sizes. Most have a battery, a heating
element, and a place to hold a liquid.

• E-cigarettes come in many shapes and
sizes. Some look like regular cigarettes,
cigars, or pipes. Larger e-cigarettes such
as tank systems – or “mods” – do not
look like other tobacco products.
• Some e-cigarettes look like other items
commonly used by youth, such as
pens and other everyday items. New
e-cigarettes shaped like USB flash drives
are popular among youth, including
JUUL and the PAX Era, which looks like
JUUL and delivers marijuana.

What is JUUL?

• Using an e-cigarette is sometimes called
“vaping” or “JUULing.”

How do e-cigarettes work?
• E-cigarettes produce an aerosol by
heating a liquid that usually contains
nicotine, flavorings, and other chemicals
that help to make the aerosol.
• The liquid used in e-cigarettes often
contains nicotine and flavorings. This
liquid is sometimes called “e-juice,”
“e-liquid,” “vape juice,” or “vape liquid.”
• Users inhale e-cigarette aerosol into their
lungs. Bystanders can also breathe in

• Approximately two-thirds of JUUL users
aged 15 – 24 do not know that JUUL
always contains nicotine.
• Although JUUL is currently the topselling e-cigarette brand in the United
States, other companies sell e-cigarettes
that look like USB flash drives.
Examples include the MarkTen Elite, a
nicotine delivery device, and the PAX
Era, a marijuana delivery device that
looks like JUUL.
• Additional information about USBshaped e-cigarettes and actions that
parents, educators, and health care
providers can take to protect kids
is available at cdc.gov – search for
e-cigarette.

What is in e-cigarette aerosol?

• Some e-cigarettes look like regular
cigarettes, cigars, or pipes. Some look
like USB flash drives, pens, and other
everyday items. Larger devices such as
tank systems, or “mods,” do not look like
other tobacco products.
• E-cigarettes are known by many
different names. They are sometimes
called “e-cigs,” “e-hookahs,” “mods,”
“vape pens,” “vapes,” “tank systems,”
and “electronic nicotine delivery systems
(ENDS).”

report widespread use of JUUL
by students in schools, including
classrooms and bathrooms.

• E-cigarette aerosol is NOT harmless
“water vapor.”

• JUUL (pronounced “jewel”) is a brand
of e-cigarette that is shaped like a
USB flash drive (third from left in
illustration). Like other e-cigarettes,
JUUL is a battery-powered device that
heats a nicotine-containing liquid to
produce an aerosol that is inhaled.
• All JUUL e-cigarettes have a high
level of nicotine. According to the
manufacturer, a single JUUL pod
contains as much nicotine as a pack of
20 regular cigarettes.
• JUUL is one of a few e-cigarettes
that use nicotine salts, which allow
particularly high levels of nicotine to
be inhaled more easily and with less
irritation than the free-base nicotine that
has traditionally been used in tobacco
products, including e-cigarettes.
• News outlets and social media sites

• The e-cigarette aerosol that users
breathe from the device and exhale can
contain harmful and potentially harmful
substances, including:
• Nicotine
• Ultrafine particles that can be inhaled
deep into the lungs
• Flavorings such as diacetyl, a chemical
linked to a serious lung disease
• Volatile organic compounds
• Cancer-causing chemicals
• Heavy metals such as nickel, tin, and
lead
• The aerosol that users inhale and exhale
from e-cigarettes can expose both
themselves and bystanders to harmful
substances.
• It is difficult for consumers to know
what e-cigarette products contain. For
example, some e-cigarettes marketed as
containing zero percent nicotine have
been found to contain nicotine.

Excerpted from: US Centers for Disease Control and Prevention. Quick Facts on the Risks of E-cigarettes for Kids, Teens, and Young Adults. Updated March 11, 2019. Available at
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-Young-Adults.html. Accessed Sept. 30, 2019.
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LaunchPad is excited to introduce a new family of thermoplastic
components for articulated AFOs! Realize the benefits of double action
ankle joints without the large hardware and difficult fabrication. Featured
below is a fully outfitted articulated AFO that combines Pivot ankle joints,
SNAPstop and X-Tension components. This trio combination allows you
to tune the shank-to-floor alignments with resist or stop motion to
optimize gait and outcomes for your patient.

PIVOT

Available in pediatric and adult sizes, The Pivot
coordinates sizing with the SNAPstop product.
The Pivot on your AFO is simply a mechanism of
movement that gives you an opportunity to control
motion in the sagittal plane. By itself it brings no value
to the end user until you resist or stop motion. The
index bushing prevents rotation during assembly. Like
SNAPstop, gross lateral projection is reduced by
molding around the smallest common denominator
and then installing the thread height after fabrication.

l Simple fabrication
l Snap-in adjustments
l Large impact surface
l Durability
l Quiet

Motion Stop
Dorsiflexion 2

Motion Stop
Dorsiflexion 1

7

times thinner than any
flexure joint available
today, reducing unsightly
lateral projection and
shoe interference

Motion Stop
Neutral

X-TENSION BAND
DYNAMIC X-TENSION:
Resists tibial progression
and restores confidence
throughout stance phase
transitions over the foot,
increasing 3rd rocker power
and contralateral step length.

STATIC X-TENSION:
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Understanding the ‘odd gait’ of autism
Children with autism
spectrum disorder are
often described as
“uncoordinated” or “clumsy”
and many have clear motor
control impairments. Early
intervention to address
motor deficits may improve
physical skills and the
difficulties with social
functioning that are the
hallmark of the disorder.

Shutterstock #1485492971

By Keith Loria

Study Centre at Deakin University, in Burwood,

as problems with sitting and standing, and a

Research among children with autism spectrum

Victoria, Canada, has for the last few decades

more pronounced postural sway. Data from early

worked clinically with children with neurode-

life through adulthood also show a relationship

velopmental disorders. “Early on in my career I

among ASD severity, motor impairment, and

was struck by the unusual gait that my patients

postural instability.7

disorder (ASD) has traditionally focused on
impairments in social skills, the condition’s core
deficit. Less attention has been paid to gross motor skills and motor strategy deficits, which also

with autism and Asperger’s demonstrated, and

have an impact on social skills and functioning,

how this appeared to differentiate these children

issues in children with ASD are not an isolated

according to research.1-3

from children with other neurodevelopmental

problem, Rinehart said, noting they can affect

disorders such as ADHD, so this began my

many areas of functioning and impact everyday

with ASD have higher rates of motor skill

long-standing research interest in this field,” she

life. “Primary school-aged children with ASD

impairments, including deficits in coordination

said. “Gait studies10 have informed us that wide,

may experience significant difficulties planning,

during gross and fine motor activities, balance

cerebellar-ataxic type gait patterns can be seen in

monitoring, regulating, and controlling move-

skills, gait patterns, postural stability, joint

both adults and children with ASD. A reduction

ment,” she said.

flexibility, and movement speed.

in step and stride length and increased step

Compared with healthy controls, children

4-9

Despite the

9

11

It is now understood that motor skills

Because pronounced motor impairments

frequency of these issues—two investigations,

width are among the most consistently identified

are widespread in individuals with ASD,

for example, have reported prevalence rates of

spatiotemporal gait anomalies identified from

she added, they should be considered a core

poor motor skills in children with ASD of 59%6

these studies.”

symptom and a target for early diagnosis and

and 79% —motor impairments are not part of
7

the disorder’s diagnostic criteria.

Atypical development and delays in postural control around the head and trunk have also

treatment.
“Motor activity abnormalities may be pres-

Nicole Rinehart, PhD, professor of

been consistently reported in the ASD literature,

ent prior to two years of age in individuals who

psychology and director of the Deakin Child

from infancy to adulthood. This may manifest

are later diagnosed with autism,”13 said Rinehart.

12

“Early intervention is essential to prevent impairments in skillrelated fitness from affecting participation in physical activity.”
Nicole Rinehart, PhD
Continued on page 35
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“Detecting atypical motor disturbances at a
younger age can enable early implementation of
effective interventions and consequently improve
outcomes. Early intervention is essential to
prevent impairments in skill-related fitness from
affecting participation in physical activity.”

Social Connection
Some experts believe that deficits in motor
skills may play a role in some of the challenges
with social skills in children with ASD. “With
poor postural control and motor skills, it can be
difficult to develop visual attention and spatial awareness, as well as confidence in social
settings,” explains Megan Smith, CO, director
of clinical research and orthotist for Surestep in
South Bend, Indiana.
Jamie M. Holloway, PT, DPT, led a study1
earlier this year examining the relationship
between gross motor skills and social function in
young boys with ASD. She is assistant professor
in the School of Physical Therapy and Rehabilitation Sciences at the University of South
Florida’s Health Morsani College of Medicine
in Tampa, and has served on interdisciplinary
evaluation teams in autism diagnostic clinics
at the Georgetown University Center for Child
and Human Development in Washington, DC,
and the University of Alabama at Birmingham
Sparks Clinics.
In the study,1 Holloway and her colleagues
assessed motor skills and social function with
validated tools in 21 children (all boys) with

SMOs with an open-heel modification have produced improvements in both gait and perceived coordination in
patients with ASD. Photo courtesy of Surestep.
as previous studies,2 suggest that young boys

such as swimming, aquatics, hippotherapy

with ASD and poor motor skills also have low

[therapy with horses], or basic movement skills;

socialization skills.

however, we still need more research exploring

In another study, Holloway found that
14

tasks related to ball skills (throwing, catching,
kicking) and stationary skills such as standing on

this relationship and the potential benefits of
interventions.”

one foot were moderately correlated with overall

Clinical Issues

social skills.

Dalia Zwick, PT, senior rehabilitation supervisor

“That study only showed a correlation and

at ST/Premier HealthCare in Brooklyn, New

ASD. They found moderately high correlations

we do not know if one causes the other,” she

York, noted children with ASD often have issues

between overall gross motor and social skills

said. “There have also been studies that have

with toe walking (and running on their tip toes),

and between the core stability motor subtest

reported improvements in social and motor skills

and that this problem may be persistent, contrib-

and overall social skills. These findings, as well

following movement-based/motor interventions

uting to shortening of the Achilles tendon.15

“…studies have reported improvements in social and motor
skills following movement-based/motor interventions such as
swimming, aquatics, hippotherapy [therapy with horses], or
basic movement skills…”
Jamie Holloway, PT, DPT
lermagazine.com
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Australian podiatrist David Wong often uses a flexible, dynamic orthosis that increases proprioception to treat gait abnormalities in children with ASD. Photos courtesy of
David Wong, DipPod(NSW), MAPodA.
“Instability in standing and choosing to

Holloway noted that motor skills can be

terfering with the child’s function and if so, how

stand on a single leg from very early age is

evaluated using standardized measures such as

can we minimize the interference to maximize

an interesting phenomenon that is not well

the MABC-2 (Movement Assessment Battery for

function,” she said.

researched but is also prevalent when observing

Children, 2nd Edition), the PDMS–2 (Peabody

Megan Smith has a decade’s worth of

individuals on the ASD spectrum,” she said.

Developmental Motor Scales, 2nd Edition), and

experience evaluating and fitting ASD patients

“Most often it is the same leg but at times it

the BOT-2 (Bruininks Oseretsky Test of Motor

with orthoses, as well as analyzing their gait with

appears like they are searching for some stability

Proficiency, 2nd Edition).

portable gait analysis systems.

and they might stand in an awkward posture

16,17

“While none of these tests were designed

“In regard to orthoses, children with ASD

[crossing legs and locking their thighs together].”

specifically for children with ASD, they have all

can be treated with designs that provide sensory

Leg-length discrepancy, which she said

been used in research with this population,” she

[proprioceptive] input and help improve lower

said. “Testing involves observation of the child

extremity alignment in order to facilitate better

is the result of both toe walking and standing
on one leg, is another issue Zwick encounters
in this population. “The leg that is bearing the
weight becomes short and individuals walk with
asymmetry in stride length and width as a result.
They often pronate severely on the contralateral
leg in an attempt to stay balanced. Standing on
the short leg is seen in most cases. The longer leg
is flexed at the hip and knee and pronates at the
foot and ankle,” she said.
The noted “odd gait” of ASD may be the
result of leg-length discrepancy and as-yet unexplained sensory issues, she said. “I use the term
movement disorder or dystonia to describe this

while they perform a standardized motor task.
Some studies have incorporated a picture schedule to help children with ASD transition between
testing tasks.”

tor skills,” she said. “I do not believe they should
be given solutions that lock the foot and ankle
up in a certain position like subtalar neutral, but
rather, be allowed to pronate and supinate within

Treatment
Interventions for gait, Holloway said, depend on
the specific impairments observed. They may
include orthoses, though some children with
ASD may have sensory issues that make wearing
devices difficult. “I think an important factor to
consider is whether the gait disturbance is in-

normal limits.”
Moreover, she believes clinicians should
also think about allowing a child’s toes to be free.
“With the orthotic design, we should try to
mimic typical movement and development and
not hinder or block these motions,” Smith said.
“Children with ASD and other neuromuscular
disorders oftentimes need work on transitional skills, such as transitioning from sitting to

awkward gait,” Zwick said.
A variety of gait analysis strategies have
been used in the ASD field, ranging from expert
observational studies that typically involve
neurological or other motor specialists to retrospective video analysis involving researchers
obtaining video footage of infants and toddlers,
who were later clinically diagnosed with ASD, to
instrumented gait analysis and motion capture
technology, which are considered the most reliable and valid assessment techniques.
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postural control and work on gaining gross mo-
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“Instability in standing
and choosing to stand
on a single leg from very
early age is an interesting
phenomenon…”
Dalia Zwick, PT
lermagazine.com

crawling, pulling to stand, and standing up from
the middle of the floor. Orthoses that block the
movement required to do these skills can hinder
the progression of gains in gross motor skills and
can exacerbate the child’s ‘clumsiness.’”
By providing a better base of support,
clinicians can allow a patient to work on lateral
weight shifts and postural control, which can
help improve strength in the extensors and
Continued on page 38
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“…children with ASD can be treated with designs that
provide sensory input and help improve lower extremity
alignment to facilitate better postural control…”
Megan Smith, CO
lateral stabilizers.

proprioception, and as a flexible orthotic, are

program involved a multidisciplinary approach,

At Surestep’s clinic, Smith and other clini-

dynamic, so we are aiming for correction, plus

combining the knowledge of both coaches and

cians provide supramalleolar orthoses (SMOs )

they make the muscles work in a more correct

clinical staff. Children showed a significant

with the open-heel modification and have seen

muscle pattern, therefore still keeping strength

improvement in object control skills, but no

improvements in both gait and perceived coordi-

of the muscles,” Wong said. “It was designed

changes in motor skills. This adapted program

nation in many of their patients with ASD. Smith

originally as a cerebral palsy orthotic, however,

provided an accessible opportunity for families to

noted she has also seen improved gait symmetry

we are using it very successfully for all types of

engage in this cultural and sporting norm, said

in children with ASD who have been fit with the

neurological gait problems, including ASD. We

Rinehart.

devices.

are finding that they can replace a rigid AFO and

These types of programs show that it is

For the issue of toe walking in young

you can fit them in shoes that fit the patient, not

possible to address physical skills and social

children with ASD, Zwick collaborates with the

those two sizes bigger, thus giving the patient a

functioning in a well-coordinated intervention de-

treating physical therapist and uses different

less ‘disabled’ look.”

signed specifically for children with autism.

Physical Activity and Motor
Skills

Keith Loria is a freelance writer in northern

types of orthoses, from very rigid (no joint at the
ankle region) to more flexible, dynamic devices.
“We also do some innovative intervention,

Virginia. This article originally appeared in LER
Pediatrics.

and we raise the heel to give the kid the sensa-

Impaired motor skills in kids with ASD can

tion that they can lower the heel,” she said. “We

decrease their participation in physical activities
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Autism Linked to Between-Limb Asymmetries
Across the Gait Cycle
By Keith Loria
Recent findings from the University of Nevada,
Las Vegas (UNLV), add to a growing body of
evidence that autism spectrum disorder (ASD)
is associated with significant gait asymmetry,
suggesting movement quality should be part of
the diagnostic and treatment processes for ASD.
In 10 children with ASD (4 girls) aged
between 5 and 12 years, UNLV researchers
found kinematic and kinetic between-limb
asymmetries across the gait cycle. These included asymmetries in sagittal plane hip, knee,
and ankle joint positions, as well as vertical and
anterior-posterior ground reaction forces (GRF ).
The findings, published in Gait and Posture, are consistent with those of other studies
that have identified asymmetries in children
with ASD at discrete time points during gait,
said Jeffrey D. Eggleston, MS, first author of the
study and a doctoral candidate in the Department of Kinesiology and Nutrition Sciences at
UNLV.
“While there is still little known regarding
gait impairments in children with ASD, our
findings illustrate that gait descriptors may
provide insight into furthering working knowledge of ASD and may even enable gait-related
symptoms to be treatable through therapies and
interventions,” he said.

Illustration of the Model Statistic gait analysis technique used in the study. (Image courtesy of Jeffrey D. Eggleston, MS.)
term by limping during locomotion,” Eggleston

didn’t exhibit generalizable patterns in this

said. “While such compensatory strategies are

small sample. The authors, however, empha-

useful in the short term, chronically they could

sized its potential utility for identifying specific

lead to low back misalignment, strength imbal-

gait issues in individual patients, which would

ances, and/or balance and general locomotor

facilitate more targeted therapy.

challenges.”
The Model Statistic gait analysis technique

“Due to the highly heterogeneous nature of
ASD and the variety of symptoms or comor-

Despite growing research suggesting

used by the researchers allowed them to analyze

bidities children and adults may have, it is

children with ASD exhibit some form of motor

asymmetries across the gait cycle and to identify

paramount that any therapies be specific to the

impairment, it is not used in the diagnostic

subphases of gait when asymmetries are more

person and their own limitations,” Dufek said.

criteria for ASD established by the American

prominent, according to Janet S. Dufek, PhD,

“While this is common in most rehabilitation

Psychiatric Association, and Eggleston said

professor and associate dean of the School of

settings, therapists seeing patients with ASD

many children with ASD do not receive physical

Allied Health Sciences at UNLV, and senior

to address motor challenges may not be the

therapy interventions.

author of the study.

norm. It is suggested that as such, an interdisci-

The types of asymmetries observed in the

The UNLV researchers used the same anal-

study could lead to biomechanical compensa-

ysis method as in a prior study that confirmed

tions with long-term clinical implications, he

significantly greater asymmetry in children with

said.

ASD than their typically developing peers.
“By way of example, individuals with hip

In the current study, though, the extent to

joint arthritis or other anomalies, facing hip

which asymmetries were associated with specific

arthroplasty, often accommodate in the short

gait subphases varied among participants and

plinary approach to treatment may be the best
approach.”
Additionally, the percentages of observed
GRF asymmetries were much lower than the
percentages of kinematic asymmetries, which
could also have clinical implications as it
suggests that segmental control may be more
Continued on page 43
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important than propulsive and braking abilities
in this population.
Dawn-Marie Ickes, MPT, PMA-CPT, an assistant professor in the Department of Physical
Therapy at Mount Saint Mary’s University in
Los Angeles, said the biggest influence she sees
on gait symmetry and ASD is the integration of
the individual’s sensory processing with their
proprioception.
“PT should be modified to accommodate

“Potential key
contributors for gait
asymmetry originate in
the motor-controlling
functions of the brain.”
Janet Dufek, PhD

the special needs of children with ASD in that

lates movements, to have a level of dysfunction
as well. Viewed collectively, the potential key
contributors for gait asymmetry originate in
the brain and specifically, the motor-controlling
functions of the brain.”
Keith Loria is a freelance writer in northern
Virginia. This article originally appeared in LER
Pediatrics.
Sources
Eggleston JD, Harry JR, Hickman R, Dufek JS.

it should take a multifaceted approach to the

Analysis of gait symmetry during overground

assessment of functional movement patterns

nature of ASD makes it difficult to explain the

as they relate to gait to determine how to best

mechanisms underlying their findings, but one

balance the asymmetries which present during

possibility is that children with ASD lack the

the gait cycle,” she said. “A combination of

coordinated movement patterns that allow for

Dufek JS, Eggleston JD, Harry JR, Hickman

movement-based therapeutic interventions se-

symmetrical gait.

R. A comparative evaluation of gait between

lected based on the client’s unique presentation

“Alternative hypotheses suggest that chil-

is a good place to start, and early modulation

dren with ASD exhibit dysfunctional segregation

and integration of the vestibular system in the

of the motor cortex, which may be the key to

treatment session has worked for increased

uncoordinated movements,” Dufek said. “Addi-

treatment tolerance in my practice.”

tionally, there is the potential for the cerebellum,

The UNLV researchers noted the complex

LER-AugPQ2019a-half.indd 2

walking in children with autism spectrum disorder. Gait Posture. 2017;55:162-166.

children with autism and typically developing
matched controls. Med Sci. 2017;5:1.

which receives sensory information and regu-

lermagazine.com

9.19

8/5/2019 10:26:19 AM

43

Quantitative Gait Assessment in Children
With 16p11.2 Syndrome
Neurodevelopmental disorders are frequently
associated with motor impairments including
locomotion. These study findings highlight
the importance of using precise measures
to differentiate motor dysfunction in
neurodevelopmental disorders.
By Sylvie Goldman, Aston K. McCullough, Sally Dunaway
Young, Carly Mueller, Adrianna Stahl, Audrey Zoeller,
Laurel Daniels Abbruzzese, Ashwini K. Rao, and Jacqueline
Montes.
Neurodevelopmental disorders are characterized by a wide range of
impairments with broad severity level. Among the affected developmental functions, motor impairments represent the earlier and most visible
signs. Yet, the motor phenotypes are often difficult to quantify precisely in
children with neurodevelopmental disorders especially when accompanied
by high behavioral comorbidities such as those with autism spectrum
disorder (ASD) who may display low compliance, distractibility, and poor
imitation skills. These behavioral challenges often confound traditional
command-based motor assessments. With recent technological advances,
many gene-based syndromes have been identified that provide ways to
reduce phenotypic heterogeneity.
Focusing on a homogenous cohort of children with selected genetic
conditions such as 16p11.2, the most frequent etiologies for ASD have led
to fruitful genotype/phenotype findings. Children with 16p11.2 mutation
(deletion or duplication) present with a range of neurodevelopmental

Significant differences in gait parameters between children with and without genetic variant
16p.11.2. Descriptive values are medians (interquartile range) Abbreviations: m meter, min
minute, cm centimeters, sec seconds p < 0.05 (*), p < 0.01 (**), p < 0.001(***)
mobility (functionality) to compare 16p11.2 probands with and without a
diagnosis of ASD to a group of non-affected siblings.

Methods
Children included in this study were recruited as part of a large research

impairments affecting mostly cognitive (ie, language) and behavioral
(attention deficit, autism spectrum disorder) and motor (ie, coordination)
functions. The prevalence of comorbid diagnosis of autism spectrum
disorder in individuals with 16p11.2 deletion has been estimated between
20 and 33%. Speech articulation, limb and trunk hypotonia, abnormalities
of agility, and seizures have been reported in a large cohort of carriers
with both 16p11.2 deletion and duplication. In addition to the neurological
phenotypes, studies have reported an unexplained high prevalence of

family meeting that provided the genetic (16p11.2 deletion/duplication) and
behavioral diagnosis (ASD) based on prior evaluations. Thirty-six children
(21 probands with 16q11.2 mutation, deletion (n = 18), or duplication
(n = 3) and 15 unaffected siblings), with a mean age of 8.5 years (range
3.2–15.4), 55% male, and 23% incidence of ASD, completed the study.
Gait assessments included 6-min walk test (6MWT), 10-m walk/run test
(10MWR), timed-up-and-go test (TUG), and spatio-temporal measure-

obesity, which may be related to level of physical activity. Despite the high

ments of preferred- and fast-paced gait. Children were required to walk

prevalence of motor impairment in children with 16p11.2 with and without

in 10-m bouts across the GAITRite™ instrumented walkway to calculate

ASD, the majority of studies so far have relied on parent questionnaires to

temporal and spatial gait parameters (velocity and stride length). Measures

study the motor profile.

of balance using percent time in double support (%) and base of support

In this descriptive study, we used an instrumented walkway and a
battery of standardized quantitative measures of locomotion (gait) and

(cm) from the walkway were collected during these assessments. Subsequently, gait data from the 6 children diagnosed with ASD were compared

This article has been excerpted from “Quantitative gait assessment in children with 16p11.2 syndrome,” by the same authors, which appeared in the Journal of Neurodevelopmental Disorders; 2019;11:26). doi.org/10.1186/s11689-019-9286-9. Minor editing has occurred and references have been removed for brevity. Use is per the Creative
Commons Distribution 4.0 International License. To read the full article, go to https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-019-9286-9
Continued on page 46
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with 6 age-matched non-ASD genetic variant and
6 non-ASD sibling controls.
The Pediatric Evaluation of Disability
Inventory-Computer Adaptive Test (PEDI-CAT),

samples, especially when data do not follow a
normal distribution.

Results

of support) and function (TUG) (P > 0.05).

Discussion
For the first time, this study reports the results of

Proband children had longer performance times

a detailed battery of gait assessments to charac-

on the TUG (W= 408; P = 0.009) and 10MWR

terize motor performance in children with 16p11.2

PEDI-CAT is comprised of 3 functional domains:

(W= 460; P = 0.02) and had lower percent of

deletion or duplication. We found that probands

Daily Activities (eg, eating, dressing), Mobility

predicted distances (ie, walked shorter distance)

have reduced performance on functional motor

(eg, standing, running both assessed in home and

on the 6MWT (W= 230; P < 0.001) than chil-

tasks and lower endurance compared to their

school environments), and Social/Cognitive (eg,

dren without the genetic variant. As shown in the

non-affected siblings. Despite the high prevalence

communication, interaction, problem solving),

Table, probands had a wider base of support in

of motor comorbidities in 16p11.2 probands, so

and an additional Responsibility domain related

both walking conditions (W= 478; P = 0.004).

far, studies have used parent report or global

to the extent to which the child is able to seek

Probands had significantly lower scores in all

functional measures to assess motor profiles.

assistance as needed and direct others to enable

domains of the PEDI-CAT, including the Mobility

However, parental reports do not provide detailed

independent living.

subscale compared to siblings (W= 287; P =

characterization of motor performance and lack

0.001). In proband children, caregiver-reported

sensitivity to changeneeded for outcome studies

original text. Preliminary analyses revealed that

scores for Daily Activity subscale were positively

or clinical trials.

gait parameters tended to be non-normally dis-

associated with the 6MWT ( ρ = 0.49, P <

Here, we used a comprehensive protocol to

tributed in this sample. Resultantly, differences in

0.05). There was no association in proband

compare gait and balance in probands and their

gait parameters between the 2 groups were tested

children and siblings between caregiver reported

unaffected siblings. We identified differences in

using a Wilcoxon rank sum test, and the rank

scores on PEDI-CAT subscales (Daily Activities,

markers of balance and standardized functional

sum test statistic (W) was reported. The Wil-

Mobility, Social/Cognitive, and Responsibility)

assessments. Children with 16p11.2 mutation

coxon rank sum test is appropriate for detecting

and other quantitative measures of gait (6MWT

demonstrated impaired balance and slower speed

differences in medians between 2 independent

percent of predicted distance, 10MWR, and base

during walking and running tasks. Reduced per-

a caregiver-questionnaire, was administered as a
measure of daily living motor functionality. The

Full statistical analyses are detailed in the
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formance on clinical assessments was also identi-

ty which was commonly reported among the

to assess more precisely how the motor profile

fied in parent reports of lower functional abilities

16p11.2 group relative to their unaffected siblings

affects the level of physical activity and the risk

using standardized questionnaires. Furthermore,

may influence their engagement in a range of

for these comorbidities.

reduced endurance was associated with parents’

physical activities and in turn affect their social

responses about their child’s daily activities per-

life and wellness. Furthermore, recent studies

this study, including a small convenience sample

formance. This study provides initial support of

focusing on interactions between motor functions

size of selected families and the use of siblings

these assessments for use in longitudinal natural

and social development in neurodevelopmental

as control groups instead of unrelated typically

history studies and clinical trials in 16p11.2.

disorders highlight increased screen time, obesity,

developing children. The small subgroup of six

We recognize the following limitations of

and sedentary lifestyles predisposing these chil-

probands with a confirmed diagnosis of ASD

to quantify the severity and the trajectory of the

dren to other behavioral comorbidities. However,

was not large enough to examine the specific

motor impairments. More importantly, it sheds

our results using the PEDI-CAT, a useful parent

relationship between ASD and motor function;

light on motor pathways that may be involved in

report to measure daily activity function including

however, it was consistent with the reported 30%

known copy number variant genetic conditions

social and cognitive abilities, may not necessarily

prevalence of ASD in 16p11.2.

such as 16p11.2, the most frequent genetic eti-

capture the entire social domain. In order to

ology of ASD. In view of the significant hetero-

better understand the influence of motor function

Conclusions

geneity in the cognitive, behavioral, and motor

on social development in this population, a more

Our study reports quantitative gait measures

phenotype of children with neurodevelopmental

detailed and direct assessment of social skills is

together with parents’ measures of functionality

disorders including ASD, the identification of

needed.

and as such provides novel characterization of

Detailed characterization of gait is necessary

quantifiable features to differentiate their motor

Yet, in general, developmental studies point

the motor impairments in children with 16p11.2.

phenotypes is highly valuable. Furthermore, this

to the benefit of engaging children with motor

These findings demonstrate the applicability of

approach may prove useful in new genotype-phe-

and cognitive impairments in physical activities

our protocol and support its utility to identify and

notype studies using motor performance as a

in an adaptive way to allow them to thrive social-

define motor dysfunction in children with neuro-

target.

ly and physically. Future studies in 16p11.2 and

developmental disorders despite their behavioral

other related disorders will need to be designed

challenges.

Impaired locomotion and possibly obesi-

Indy 2 Stage

Ask about
our high tone
solutions
TLSO

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

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

lermagazine.com

9.19

47

With PolyMem, finger and toe injuries
don’t have to slow you down.
®

6DYHWLPHZLWK3RO\0HP)LQJHU7RHGUHVVLQJVZKLFKDUHHDV\
WRDSSO\ĘHYHQIRUSDWLHQWVWKHPVHOYHVĘDQGRIWHQUHTXLUH
IHZHUGUHVVLQJFKDQJHVWKDQNVWRWKHLUXQLTXHGHVLJQ6LPSO\
UROOWKHGUHVVLQJRQWRWKHLQMXUHGGLJLWDQGOHW3RO\0HPGRWKH
ZRUN3RO\0HPGUHVVLQJVKHOSUHGXFHHGHPDEUXLVLQJSDLQ
DQGLQûDPPDWLRQZKHQDSSOLHGWRRSHQRUFORVHGLQMXULHV
THE IDEAL CHOICE FOR MANAGING:
Ě/DFHUDWLRQV
ĚSprains
ĚBurns
ĚStrains
ĚContusions Ě8OFHUV
Ě0DWULFHFWRPLHV
ĚAbrasions

NEW, BIGGER sizes available – ideal for large toes!

Ferris Mfg. Corp. 5133 Northeast Parkway, Fort Worth, TX 76106 USAĚ1 817-900-1301Ěwww.polymem.eu
Unless otherwise indicated, all trademarks are owned by or licensed to Ferris. © 2013, Ferris Mfg. Corp., Fort Worth, TX 76106 USA
MKL-619, REV-1, 0913

Early Orthotic Intervention in Pediatric Patients, Part 2
Down Syndrome, other neurological conditions, and toe walking
The Case For Early
Intervention
Down Syndrome is
associated with a long
list of compensatory gait
symptoms due to hypotonia,
triplanar foot and ankle
misalignments, sagittal and
coronal compensation at the
knee, proximal weakness,
and equinus contractures, all
of which need to be treated.
How early depends on the
individual child.

iStockphoto.com #1060636864

diseases such as Down syndrome (DS) distinct

published that guides specific decisions.”

from CP in that it manifests with hypotonia (low

DS, for example, includes not only hypoto-

muscle tone and a reduced resistance to passive

nia and joint instability but also musculoskeletal

range of motion in the joints1). Abnormalities

deformities, postural control deficits, and cardio-

such as toe walking, common to both CP and

pulmonary anomalies. These problems, in turn,

other neurological conditions—though relatively

affect gait stabilization and propulsion, delaying

Several neurological conditions negatively affect

uncommon in DS—will be considered primarily

walking development.2 Studies have found that

children’s motor learning and development.

in Part 2 as well.

children with DS and other forms of hypotonia

By Cary Groner

They also contribute to gait abnormalities that

benefit from orthotic interventions, though the

clinicians treat with orthotic strategies based

How Early?

partly on the patient’s presentation rather than

Experts have long debated how to manage

the underlying neurological disease.

orthotic intervention in children with DS and

hypotonia and the quality of motor control,

other diseases associated with hypotonia.

even though those things are hard to measure,”

Part 1 of this series looked at cerebral palsy
(CP), which is associated with spasticity, dyskinesia, and muscle weakness. Part 2 examines
Editor’s Note: This article is sponsored by an educational grant from LaunchPad O&P and Orthotic Care
Services, Minneapolis, Minnesota.

“We determine the best approach from

details can be contentious.3,4
“For me, it has to do with the degree of

Martin said. “When I’m evaluating a child’s gait,

clinical experience and clinician preference,”

I want to know whether the greater problem is

said Kathy Martin, PT, DHS, a professor in

stance-phase stability or swing-phase mobility.

the physical therapy doctorate program at the

If they have a rigid foot, I want to address flex-

University of Indianapolis. “Not much has been

ibility. If force transmission is a problem, then I

“So then I wonder how to provide that learning opportunity in a child
that needs an orthosis? First of all, it’s giving them the most flexible
orthosis possible—one that protects them from being stuck in pronation
but doesn’t rigidly control the joint.”
Kathy Martin, PT, DHS
lermagazine.com
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Continued from page 49

“Wearing orthoses improved their function in a social
context, so that was pretty cool. If they’re going to
be out, active, and participating in sports, I think it’s
important to wear the device for peak performance.”
Julia Looper, PT, PhD
want to stabilize the foot and give them a better
push-off lever. But you have to have both.”
Scott Hinshon, CO, who is CEO of both

have affected her own approach.
“I’ve listened to her a lot and it’s made me
consider how a typically developing toddler

treatment—and focus instead on when children
should quit.
“Usually, when a child with Down is

Orthotic Care Services and LaunchPad O&P (a

learns to walk,” Martin said. “Tons of repetition,

walking well, and they outgrow their orthoses

manufacturer of AFO optimization components)

trial and error, and I see the value of letting

at 8 or 9 years old, they don’t get another pair,”

in Minneapolis, said that DS is associated with

kids go through that. So then I wonder how to

said Martin. “But we put some of those kids

a long list of compensatory gait symptoms due

provide that learning opportunity in a child that

back into a Surestep SMO for a month and

to hypotonia, triplanar foot and ankle mis-

needs an orthosis? First of all, it’s giving them

found that they still got benefit, that there was

alignments, sagittal and coronal compensation

the most flexible orthosis possible—one that

more progress to be made even though their gait

at the knee, proximal weakness, and equinus

protects them from being stuck in pronation but

pattern was stable. They were quitting too soon.”

contractures.

doesn’t rigidly control the joint.”

“The gait symptoms themselves include toe
striking, externally rotated feet, an anterior cen-

Development and dosage

ter of mass, high steppage, and other problems,”

Looper takes what she calls a developmental

Hinshon added. “It all needs to be treated.”

approach to DS patients and other children with

Martin believes in starting orthotic therapy
early in DS patients, often before they’ve begun

hypotonia.
“I think the most important thing for
children is to explore their environment,” she

to walk.
“We need a compensatory strategy to

said. “So if we’re intervening, we need to ask if

stabilize the joint, and that means an orthosis,”

it will help with that, and with their cognitive

Martin said. “But our goal is to stabilize without

development.”
Looper and Martin recently completed a

immobilizing.”
Martin’s research and publishing colleague,

study, now in press at the Journal of Prosthetics

Julia Looper, PT, PhD, is an associate professor

& Orthotics, that compared aspects of the Gross

in the PT program at the University of Puget

Motor Function Measure (walking, running,

Sound in Tacoma, WA. Looper has argued that

jumping, single-leg balance, stairs, etc.) in older

intervening with orthoses before children start

children with DS when wearing a flexible

walking may interfere with their motor-learning

supramalleolar orthosis (SMO) versus no SMO.

skills.4,5,6 Martin acknowledged that risk, but

The subjects ranged from age 3 to 10 and had

pointed out that it was important to consider the

been walking independently for at least 1 year.

larger context of cognitive and emotional devel-

Participants were asked to identify 2 personal

opment. The two maintain a cordial professional

goals (eg, walking endurance, or the ability to

disagreement about the matter, though in a past

stay outside and play in the yard), and research-

LER article, Looper conceded that she’d come

ers measured progress toward those goals.

closer to Martin’s way of thinking.3 Martin, for
her part, acknowledged that Looper’s concerns

50
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The authors chose to sidestep the topic on
which they disagree—how early to start orthotic

lermagazine.com

According to Looper, this was the first time
anyone had been able to directly link orthosis
use to participation goals.
“Wearing orthoses improved their function
in a social context, so that was pretty cool,” she
said. “If they’re going to be out, active, and participating in sports, I think it’s important to wear
the device for peak performance.”
Both researchers believe it’s critical to
consider time in the orthosis within the context
of daily use, too; but that turns out to be a
different story.
“The standard has always been to wear
orthoses 8 to 10 hours a day,” Martin said. “But
we have zero data to support that. Could they
get the same results wearing them 4 hours a
day? Should they wear them outside playing but
be allowed to go barefoot in the house?”
The heart of the matter is whether there’s
a compromise that still provides therapeutic
benefit but doesn’t impair the child’s progress.
Martin’s clinical experience suggests there is.
“I’ve had families admit to me, ‘Hey, it’s
summertime, she hasn’t had her braces on, she
Continued on page 52
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wore sandals all week while we were on vacation,’” she explained. “And I
look at this kid and she’s no worse. So that makes me wonder how many
weeks out does she get worse? We don’t know yet.”
Even so, Looper noted that all children, and particularly those with
DS and other cognitive impairments, need a lot of practice to get better at
gait-related tasks.

Lightweight &
Easy to Mold
Sheets Available in
6 Thicknesses

“I think the orthotics help kids with their confidence,” she said.
“They get stability so they can move. The downside is that if you’re
locking up a joint, they’re not really practicing at that joint, so it’s kind of
a double-edged sword. But the practice is really important.”
Elaine Owen, MSc, MCSP, a clinical professor and physiotherapist at
the London Orthotics Consultancy in the U.K., told LER that in cases of
DS or other hypotonic conditions, not surprisingly, clinicians should base
their approach on the needs and capabilities of the patient. Sometimes
this might mean a flexible SMO, as advocated by Martin and Looper, but
sometimes it might not.
“Does the orthosis control pronation?” she asked. “If it doesn’t, and
a hinged AFO doesn’t, you’ve got to go to a fixed-ankle AFO, otherwise
you’re deforming the foot. Young children adapt very quickly to fixed-ankle AFOs, but if they get to be 9 or 10, it’s very hard to suddenly do that.”
Owen agreed, however, that the amount of time children spend in
their devices each day should be negotiable.
“You just need to work on when they’re on and when they’re off,” she
said. “You have to look at the whole child, and where that orthosis fits in.
Is it good for running and playing football? Great, but then is it going to
do harm somewhere else? What are the goals of the family and the child?
What do they want out of their life?”

Biomechanics
Nicole Brown, DPT, specializes in complex gait disorders at Children’s
Hospitals and Clinics of Minnesota. Her patients include children with

Visit Booth# 206,
November 7-9 at the
2019 PFA Annual Meeting,
Henderson NV

DS, other neurological conditions, and toe walking—which itself may
arise due to diseases of the central or peripheral nervous system, paralytic
muscle disease, behavioral disorders including autism, and musculoskeletal conditions.7
Brown told LER that she and her colleagues consider patients’ clinical diagnoses less crucial to treatment decisions than the biomechanical
issues they present with.
“We really want to see what the biomechanics are showing us, so
we can improve skeletal alignment throughout development,” she said.
“We’ve found that if we can normalize gait pattern, we can start to normalize biomechanics globally, which affects all their functional skills.”
This approach typically means serial casting for kids with equinus
contracture, as well as mostly solid AFOs to better control knee alignment in space. Brown said that her care team uses Elaine Owen’s tuning

For more information call 800-342-2602
or visit us at jmsplastics.com!
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guidelines regarding shank-to-vertical angle (see Part 1).
“To have a more normal gait pattern you need about 10 degrees of
dorsiflexion as you move through your stance phase,” she said. “But in a
rigid brace you can be locked anywhere at neutral, so we add lift in the

lermagazine.com
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heel of the shoe to reach that angle, which you see at the knee instead of
the ankle joint.”
In terms of patients with DS, this means that Brown’s team may take
a different approach to that advocated by Martin and Looper.
“In Down syndrome, your first thought for bracing is usually an
SMO,” she said. “But those kids have low tone, which means their
strength is impaired and they move quickly with an anterior weight
shift—a forward-leaning trunk, those kinds of things. If we put them
in an SMO, that will help their ankle instability medial-laterally, but it
doesn’t do anything up the chain.”
Brown and her team want their patients to activate their core muscles, gluteals, hamstrings, and quadriceps, which means getting them into
a position to do so with every step instead of using gravity and momentum to move forward.
“To do that, we need a longer lever to get the hip and pelvis in the
right alignment to activate those muscles,” she explained.
Some philosophical tension exists between SMO advocates and
those in favor of the fixed-ankle AFO approach Brown describes. LER
has covered this in the past, noting that in patients with Duchenne’s
muscular dystrophy, spina bifida, and polio, an orthosis that takes away
compensatory motions may create instability due to the underlying muscle weakness.8 However, for Brown and those in her camp, strengthening
the patient is a preferable way to address the problem.
“For patients with Duchenne’s, their conditions are constantly changing, but in general, it’s hard to stand without a brace,” she pointed out.
“It’s also hard to be social if you’re not upright at least some of the time.
We do significant strengthening programs with our patients in a solid
AFO, then we take the orthoses off so they learn to balance. They have
to have the strength to do that, and all of our kids have gone from poor
balance to above-average balance, so I don’t think we’re impairing them.
True, you can’t use an ankle strategy for balance while your brace is on,
but you can circumvent that.”
Continued on page 54
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Continued from page 53

“We really want to see what the biomechanics are showing us, so
we can improve skeletal alignment throughout development. We’ve
found that if we can normalize gait pattern, we can start to normalize
biomechanics globally, which affects all their functional skills.”
Nicole Brown, DPT
Strengthening
Hinshon often works closely with Brown on
treatment plans and orthotic strategies for these
patients, and he shares her take on the importance of core strength.
“All of my toe walkers have weak cores,
glutes, and quads,” he said. “If you walk on
your toes, there’s no demand for those muscles
to work, so they shut off. If we put them in
solid-ankle AFOs, it forces them to strengthen
proximally.”
Hinshon said that one common misunderstanding about orthotics, and particularly
solid-ankle bracing, is that the child is going to
atrophy and become weaker due to dependence
on the device.
“There’s no truth to that,” he said.
All the professionals LER spoke with emphasized that the process doesn’t end with the
prescription of an SMO or an AFO but responds
to the child’s growth and progress..
“We tune them repeatedly in terms of

any interest in standing until age 4,” he said.

with down syndrome. Pediatr Phys Ther.

“They should have been treated 2 years earlier

2012;24(3):278-284.

to give them some stability and an opportunity
to be mobile. The earlier the better, even before
they start walking. If the foot starts deviating to
varus or valgus, it’s like cables on a bridge; that
elongating ligament structure starts to degrade,
and now you’ve got a really unstable base.”

3. Groner C. Orthotic solutions for children with
hyptonia. Lower Extremity Review. 2013:4(9
Suppl). Available at http://lerpediatrics.com/
archives/2013/orthotic-solutions-for-children-with-hypotonia/. Accessed Aug. 7, 2019.
4. Looper J. Orthosis use in children with
Down syndrome. Lower Extremity Review.

Goals
Ultimately, the best orthotic intervention for
children with hypotonia—whether due to Down

2013;4(4):31-37.
5. Looper J, Ulrich DA. Effect of treadmill train-

syndrome or other conditions—is achieved

ing and supramalleolar orthosis use on motor

when the care team works closely with the par-

skill development in infants with Down syn-

ents and the children themselves. This allows

drome: a randomized clinical trial. Phys Ther.

the team to establish goals and design the best

2010;90(3):382-390.

strategy for realizing them, whether that be a

6. Looper J, Benjamin D, Nolan M, Schumm L.

flexible SMO, a rigid AFO, or varying approach-

What to measure when determining orthotic

es at different times. In the best cases, children

needs in children with Down syndrome: a

can grow stronger, achieve better control, and

pilot study. Pediatr Phys Ther. 2012;24(4):313-

enjoy the benefits of exercise and social life that

319.

come with those gains.

7. Maus E, Haddad A, Christensen C. The

shank angle until we get optimal function,”

Cary Groner, a freelance writer in the San

conservative management of idiopathic toe

Hinshon said. “I’m watching the foot, the ankle,

Francisco Bay area , has been writing about

walking utilizing an evidence-based algorithm

the hip, everything, but 80% of my focus is on

biomechanics for LER for 10 years.

and senory-motor treatment approach. Oral

the knee. I want full extension at initial contact,

Presentation. American Academy for Cerebral

then terminal extension at third rocker with
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physical and mental strain for prosthetic users

The research team developed algorithms

and has been shown to reduce phantom limb

to translate the information from the tactile

pain. An international team of researchers

and motion sensors into impulses of current,

led by ETH Zurich (German: Eidgenössische

which were delivered to the residual nerves.

Technische Hochschule Zürich), Switzerland;

The signals from the residual nerves are con-

and Lausanne, Switzerland–based start-up

veyed via neurons to the person’s brain, which

company SensArs developed the interface used

is thus able to sense the prosthesis and helps

to connect the prosthetic leg with the residual

the user to adjust their gait accordingly.

nerves.

New from Curbell O&P, a division of Curbell

T

As part of the study, the volunteers

In a proof-of-concept study conducted in

underwent a series of tests—alternating trials

collaboration with the University of Belgrade,

with and without neurofeedback. According to

Serbia, the scientists tested this neurofeed-

the results, walking with neurofeedback was

back system with 2 volunteers over 3 months.

physically less demanding, as measured by a

To provide the nervous system with sensory

decrease in oxygen consumption, and brain ac-

information, the scientists began with a

tivity measurements indicated that ambulation

Plastics, is OP-TEK Flex EVA Sheet. The

with neurofeedback was less mentally stren-

material is a soft, flexible ethylene-vinyl acetate

uous. Results also showed that walking speed

copolymer designed to provide patient comfort

and self-reported confidence in the prosthesis

when used as a flexible inner liner for rigid

increased. The study results were reported in a

socket frames and inner boots orthoses. The OP-

recent issue of Nature Medicine.

TEK Flex Family offers 4 options: Flex in black,

The interface with the nervous system

Flex in natural, Flex Comfort, and Flex BiLam.

can also be used to stimulate the nerves

Flex Comfort is silicone-free, which improves

independently of the prosthesis, which has

wall thickness consistency during fabrication.

implications for the reduction or elimination of

It is internally lubricated, making donning and

phantom limb pain. “Through sessions of pur-

doffing easier for patients. Flex BiLam improves

posely designed patterns of nerve stimulation

both comfort and appearance since it has the

we were able to diminish the phantom limb

ability to hide the trim lines and windows of
carbon fiber socket frames.
Curbell Plastics
800/666-0356
curbellplastics.com

pain of the subjects until full suppression, after
From left, researcher Giacomo Valle, co-author of

just 1 month of tests,” said Stanisa Raspopovic,

the paper and a PhD student at Scuola Superiore

PhD, professor, Institute of Robotics and Intel-

Sant’Anna, Pisa, Italy, prepares volunteer Savo Panic

ligent Systems at ETH Zurich, and a co-author

for metabolic testing. Photograph by Federica Barberi,

of the paper.

courtesy of ETF Zurich.

The scientists said they view these
outcomes optimistically. However, they pointed

commercially available high-tech prosthesis.

out the need for a longer investigation with

They attached tactile sensors to the sole of the

in-home assessments and a greater number

prosthetic foot, and collected the data on knee

of volunteers, in order to provide more robust

movement provided by the prosthesis’ electron-

data that they can use to draw more significant

ic knee joint. Surgeons placed tiny electrodes

conclusions. For the time-limited clinical study,

in each volunteer’s thigh and connected them

the signals from the prosthesis were sent along

Two people with transfemoral amputations

to the residual leg nerves. The electrodes were

cables through the skin to the electrodes in

have been able to feel their prosthetic foot and

developed by scientists from the University of

the thigh. This meant that the volunteers had

knee in real time via 4 intraneural sensors

Freiburg, Breisgau, Germany, and the prosthe-

to undergo regular medical examinations. To

that connect to residual nerves in the thigh.

sis came from Össur, Reykjavik, Iceland; both

eliminate this need, the scientists intend to

The resulting neurofeedback reduces the

were actively involved in the project.

develop a fully implantable system.

PROOF-OF-CONCEPT
PROSTHETIC LEG HAS
PROPRIOCEPTION,
REDUCES PHANTOM
LIMB PAIN
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REBOUND FOOT-UP AFO

Correct Use
• Append to replacement claims (to first
month rental claim) for a capped DME,
prostheses, and orthoses rental item.
Circumstances warranting replacement
of these items may include loss, theft, or
irreparable damage (not all inclusive).
• If submitting a claim with this modifier,
the narrative must be included explaining

Össur’s new Rebound Foot-Up is a lightweight
ankle-foot orthosis (AFO) that offers dynamic
support for foot drop or related disorders that
require dorsiflexion support. The AFO supports
ankle dorsiflexion during swing phase. Dynamic
support is provided by an elastic strap connected
to the shoe by a transparent plastic inlay placed
between shoelaces, or by a nut and bolt fastened
through the eyelets. Clinicians can position the
dorsiflexion support on the medial or lateral
side, allowing for individualized support. When
using the plastic inlay, the dorsiflexion support
becomes neutral. The Rebound Foot-Up Ankle
Cuff has a smart clamp that holds the cuff in
place and facilitates 1-handed donning and doffing. An optional Rebound Foot-Up Foot Wrap
can be used when barefoot or in open shoes or
sandals. The ankle cuff and foot wrap are made
from breathable, hand-washable material.

the reason for replacement, if replacement

to comfortably perform exercises for improved

is prior to the Reasonable Useful Lifetime

balance, stability, flexibility, and function. This

(RUL) of the item.

durable, long-lasting roller is available in 6"

Note: If applicable, a new order or

circumference and 3" half-round models, in a

Certificate of Medical Necessity is required for

variety of lengths. It is ideal for those new to

replacements.

foam rolling, experienced athletes, and for use

Exceptions
• Oxygen: Append to oxygen claims when
replacement of that equipment is necessary
due to RUL. Do not append this modifier
to any other DMEPOS item when
replacing due to RUL.
• Lower Limb Prostheses: Replacement of
a prosthesis or prosthetic components

800/233-6263
ossur.com

damage may be reimbursed without a
physician’s order when it is determined that
the prosthesis as originally ordered still fills
beneficiary’s medical needs.
Incorrect Use
• Append to claims for purpose of replacing
parts or accessories as part of a repair.
Refer to Modifier RB for use in this
• Append to claims for replacement of
supplies (refills).
To read the update, which includes links
to resources, visit med.noridianmedicare.com/

NORIDIAN UPDATES RA
MODIFIER GUIDELINES
FOR DMEPOS

from heat-molded foam beads for a smooth
surface. It is easily cleaned with soap and water
or antibacterial wipes.
OPTP
800/367-7393
optp.com

required because of loss or irreparable

situation.
Össur

in the clinic. The eco-friendly product is made

web/jadme/topics/modifiers/ra.

CMS PUBLISHES NEW
FACT SHEET FOR
CORRECT BILLING
OF DMEPOS DURING
INPATIENT STAYS
A recent report by the US Department of
Health & Human Services, Office of Inspector
General determined that Medicare improperly
paid suppliers for durable medical equipment,
prosthetics, orthotics, and supplies (DMEPOS)
items provided during inpatient stays. Medicare
should not pay a supplier for items furnished
to a beneficiary when the beneficiary is still
an inpatient. Toward that end, the Centers for
Medicare & Medicaid Services (CMS) published
a new fact sheet to educate practitioners and

Noridian, the Durable Medical Equipment

SILVER AXIS FOAM
ROLLER

(DME) Medicare Administrative Contractor

The newly designed Silver AXIS Roller is now

DMEPOS Improper Inpatient Payments

(MAC) for Jurisdictions A and D, has updated

available from OPTP. The roller features a new-

Fact Sheet, visit cms.gov/Outreach-and-

its guidelines regarding use of the RA Modifier,

to-market moderate density unlike any other

Education/Medicare-Learning-Network-

which is to be used for replacement of a DME,

roller available. The Silver AXIS Roller is firm

MLN/MLNProducts/Downloads/

orthotic, or prosthetic item.

enough for myofascial release, yet soft enough

MedDMEPOSInpatient-MLN1541573.pdf.

lermagazine.com
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SWEDE-O FITS ALL OPEN
PATELLA KNEE SUPPORT

technology was invented by the company’s CEO,
Ankit Agarwal, PhD, while he was pursuing
his postdoctoral studies at UW–M. MicroLyte
contains a tiny dose of metallic silver particles
on a flexible, 25-micrometer thick, absorbable
polymeric multilayer film. The covering places
silver in direct contact with bacteria.
Silver’s antimicrobial activity rests on its
ability to punch holes in the bacterial cell wall,
but a biofilm can block that exposure. Chemically, gallium ions resemble a form of iron that cells
mities, available for pre-, post-, or non-operative
use. The B2, short for bunion and 2nd toe, was
developed by Jeff DeSantis, DPM, FACFAS, of
Cambridge Foot & Ankle Associates in Southern
California. The relationship allows PediFix
to expand availability of the B2 to podiatrists
and their patients. The B2Splint is available in

The design of the Swede-O Fits All Open
Patella Knee Support from Core Products is less
painful to apply and easier to adjust compared
to pull-on style knee supports. This support
provides gentle compression and warmth to
help relieve aches, pain, strains, and weakened
knees. High-quality neoprene delivers uniform
compression and warmth to help reduce pain
and promote recovery. The open patella design

right or left and small and large, fitting shoe

The MicroLyte bandage is thinner than a human hair

sizes from 5 through 9 and 9+. The device is

and able to be absorbed into the wound. The material

available to both physicians and patients from

is shown here on a fabric background. Image courtesy

leading industry distributors and referral via the

of Imbed Biosciences.

company’s nationwide retail network. Contact
PediFix to order, get more information, or

use to gain chemical energy through the process

request a free sample.

of reduction. “Bacteria inside the biofilm are
looking for more iron, so they end up taking up

PediFix

gallium,” said Agarwal. But gallium ions cannot

800/424-5561

be reduced, and the bacteria atrophy for want

pedifix.com

of energy, helping to break up the biofilm. By
placing nanometer-sized particles of both metals

reduces pressure that may cause or aggravate
knee injuries. The support’s low-profile, rein-

on the ultra-thin film, “we are using levels of

UW–MADISON, SPINOFF
TESTING SILVERBEARING BANDAGE FOR
WOUND HEALING

both metals that are so low that they are not tox-

The University of Wisconsin–Madison

the UW–M School of Veterinary Medicine; the

(UW–M) and a spinoff company, Imbed

healing in pig skin wounds is similar to healing

Biosciences, Fitchburg, WI, have received a $1.5

in humans. Research at the veterinary school

million, 2-year grant from the National Institutes

has already shown that the combination film

of Health to test whether adding gallium metal

can “completely disperse the bacteria biofilms

ions to an ultra-thin material carrying antimicro-

created by a mix of two pathogenic bacteria,”

bial silver can defeat the “biofilms” that shield

said Agarwal. “Treatment with a commercial,

B2SPLINT, TOE
SPACER/TOE CREST
COMBINATION

bacteria from antibiotics. The work has implica-

silver-based dressing—not MicroLyte—had no

tions for the healing of diabetic foot ulcers and

effect.”

PediFix now offers a new treatment option for

was cleared by the US Food & Drug Admin-

is used in more than a dozen other hospitals

bunions and hammer and crossover toe defor-

istration for marketing in August 2016. The

across the country. Angela Gibson, MD, PhD,

forced buttress provides targeted compression
to help stabilize the patella. Adjustable closures
provide a customized fit and allow for variations
due to swelling. The support contours to the
natural shape of the knee for comfort; bilateral
design fits right or left knee.
Core Products International
800/365-3047
coreproducts.com
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other persistent wounds.
Imbed’s existing product, called MicroLyte,

lermagazine.com

ic to human cells, placed on a film that actually
supports growth of skin cells,” Agarwal added.
Under the grant, silver plus gallium will
be tested on full-thickness wounds in pigs in

MicroLyte is on the formulary of 5 major
hospital systems, including UW Health, and

FACS, a burn surgeon and medical director of
UW Health wound healing services, has used
MicroLyte, with good results, on patients of all
ages when conventional products have failed.
Gibson said she looks forward to a clinical trial
of the product to determine if her experience
holds true in a larger study of patients.

PLANTAR FASCIITIS–
TREATING FLIP FLOP

UREA 40% FOOT CREAM

OS1ST WP4 WELLNESS
PERFORMANCE SOCKS

OS1st WP4 Wellness Performance Socks are
the latest innovation in ING Source’s Socks
with Purpose Program. The WP4s are strategically designed for individuals who suffer from
diabetes, sensitive feet, edema, neuropathy,
and poor circulation. They feature four zones of
graduated compression to help boost circulation,
reduce friction, and provide overall foot support.
The newly introduced nano-bamboo charcoal
material makes the socks extra durable and
ultra-soft. The socks are constructed with seamless technology featuring non-binding comfort.
The midfoot arch support structure provides the

The Healing Sole, a patented flip flop invented
by orthopedic foot surgeon Meredith Warner,
MD, was fashioned to promote recovery and
general foot health by gently stretching and
taking pressure off the wearer’s foot so the
body can rest and heal itself over time. The
product’s firm sole is designed to speed up the
recovery of common foot presentations like
plantar fasciitis, forefoot pain, and tendonitis.
The Healing Sole makes walking work to the
advantage of the wearer by absorbing stress,
offloading tension placed on the joints, and
gently stretching the muscles of the lower body.
According to the company, 80% of patients in
a clinical trial reported a natural improvement
in pain and/or function. The product features
a low-profile arch support, rocker bottom, and
durable rubber outsole. It is suited for indoor
or outdoor use.

Tight and uncomfortable shoes, an active lifestyle, and long hours at work can damage the
skin of one’s heels. Conceived as a treatment
for such harm, PurSources Urea 40% Foot
Cream is formulated to heal damaged feet in
the quickest amount of time possible. This
soothing foot product has a cooling sensation
when applied, and it incorporates tea tree oil
to repel fungal bacteria. The cream provides
deep moisture and nourishment to the feet,
with the ultimate goal of complete restoration
of the heel, leaving it free of painful calluses
and cracked skin. In addition to preventing
dry and scaly skin, the cream is said to reduce
itching, improve softness, increase circulation,
and promote new cell growth. Urea 40% Foot
Cream is made in the US.
PurSources, an AZ Amazing Products brand
pursources.com

wearer’s feet the additional stability needed to
keep moving and stay moving longer. The socks
also feature extra padding in the toe and heel
to help reduce pain and friction. Designed with

The Healing Sole
866/413-8064
thehealingsole.com

moisture-wicking material, the WP4s keep feet
dry, thereby minimizing the risk for infections
and skin irritation.
ING Source
877/647-0386
ingsource.com
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PRACTICE CAUTION WHEN
USING FACEBOOK—OR: USE
CAUTION ON FACEBOOK

How Well Did You
Read This Issue?

Test your knowledge of information from this issue of
Lower Extremity Review and the world in general with
our new crossword puzzle feature. The answer box can
be found online at lermagazine.com.

Several studies have documented that many
people search the internet and social media
(particularly Facebook) for information on
healthcare practitioners. . However, when
health professionals use social media, the line
between professional and personal sharing may
become blurred and their professionalism may
be impacted.
To explore how work-related comments posted
by health professionals on their Facebook
pages influence their credibility and client
relationships, researchers created Facebook
profiles for 2 fictional people, Sara and Chad,
both of whom were randomly presented as
a physician or veterinarian. The researchers
posted to Sara and Chad’s Facebook pages a
comment expressing either a workday frustration
or ambiguity.
• Frustrated comment: “What is it with some
people?? I know I only went through 9 years of
university…but really, I know what I’m talking
about…yeesh!!!”
• Ambiguous comment: “Started with new
electronic patient charts today…interesting
experience for sure.”
The participants (n=357) were randomly
assigned and asked to rate a profile based on
credibility, defined as caring, competence, and
trustworthiness. On a 100-point scale, profiles
with the frustrated comment were rated 56.7
while profiles with the ambiguous comment
were rated 67.9. Participants indicated they
were less likely to become clients of the former,
due to decreased credibility.
The authors cautioned health professionals on
their personal use of Facebook, adding that
“social media guidelines should incorporate
early evidence to prevent credibility damage.”

Source: Weijs C, Coe J, Desmarais S, Majowicz
S, Jones-Bitton A. Effects of mock facebook
workday comments on public perception of
professional credibility: a field study in Canada.
J Med Internet Res 2019;21(4):e12024
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ACROSS

DOWN

1
4
7
9
10

1
2
3
5
6
8
11
12
13
15
17
19
20

14
16
18
19
21
25
27
29
30
32
35
36

____ temperature monitoring
The “F” in DFU
All patients must provide one for care
Part of the foot
Newly introduced device to measure foot
temperature, 2 words
Large public vehicle
26.2 in a marathon
Medical pro
Of veins or arteries
Dosage amount, abbr.
Constellation near Scorpio
Used to reduce swelling, 2 words
Lesion on the foot precedes 85% of lower-extremity amputations
Joint atop the femur
Attribute of a screening test that correctly
identifies positives
e-cigarette use
Leg bone

22
23
24
26
28
31
33
34

Phys. therapy, abbr.
Athletic events
Plasma and flat screen
Fairy tale giants
Calculated the speed
Prosecutor, for short
Ligament in the knee, abbr,
Psychoactive ingredient in marijuana
Surgical removal of a limb
Land of the brave and free
A patient’s test results are stored here, abbr.
Blood vessels
Butterfly rash is seen in this autoimmune
disease, abbr.
Amniotic ____
____tibial myxedema of Graves’ disease
Lying on one’s back
Transversal _____ of the foot
Bone protected by soccer players
Medication drip, abbr.
Short sleep
Pointer’s cry

Crossword by Myles Mellor
With over 12,000 crosswords published internationally, Myles Mellor is one of the top crossword
writers in the world. His work includes crosswords, diamond crosswords, syndicated puzzles, cryptograms, diagramless crosswords, word search, sudokus, anagrams, and word games published on
mobile devices and e-readers. www.themecrosswords.com
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