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Proprioception, which can be defined as the 

awareness of the mechanical and spatial state 

of the body and its musculoskeletal parts, 

is critical to motor actions and contributes 

to our sense of body ownership. To date, 

clinical proprioceptive tests have focused 

on a person’s ability to detect, discriminate, 

or match limb positions or movements, and 

reveal that the strength of the relationship be-

tween deficits in proprioception and physical 

function varies widely. Unfortunately, these 

tests fail to assess higher-level proprioceptive 

abilities. In this Perspective, we propose that 

to understand fully the link between proprio-

ception and function, we need to look beyond 

traditional clinical tests of proprioception. 

Specifically, we present a novel framework 

for human proprioception assessment that 

is divided into 2 categories: low-level and 

high-level proprioceptive judgments. Low-lev-

el judgments are those made in a single frame 

of reference and are the types of judgments 

made in traditional proprioceptive tests (i.e., 

detect, discriminate, or match). High-level 

proprioceptive abilities involve proprioceptive 

judgments made in a different frame of refer-

ence. For example, when a person indicates 

where their hand is located in space. This 

framework acknowledges that proprioception 

is complex and multifaceted and that tests 

of proprioception should not be viewed as 

interchangeable, but rather as complimentary. 

Crucially, it provides structure to the way 

researchers and clinicians can approach 

proprioception and its assessment. We hope 

this Perspective serves as the catalyst for 

discussion and new lines of investigation.

The term “proprioception” was coined by 

Charles Sherrington in 1907 when he stated, 

“In muscular receptivity, we see the body itself 

acting as a stimulus to its own receptors—the 

proprioceptors.” Early controversy revolved 

around whether proprioceptive signals were 

solely of peripheral origin, or whether central 

signals also contributed. After spirited debates, 

it is now accepted that proprioceptive signals 

include peripheral inputs from muscle spindles, 

Golgi tendon organs, cutaneous, and joint re-

ceptors, along with central inputs from efferent 

motor commands (i.e., corollary discharges). 

Together, these proprioceptive signals allow us 

to perceive the position and movement of our 

body, the force and effort generated by our mus-

cles, and the weight of objects we lift. Although 

perceptions of body position and movement 

have been grouped and referred to as kines-

thesia, proprioception encompasses all of these 

perceptions. Thus proprioception can be defined 

as the awareness of the mechanical and spatial 

state of the body and its musculoskeletal parts.

Proprioception contributes to our sense of 

ownership of our body and its parts, as well as 

our sense of self. Proprioception is also critical 

to learn, plan, execute and correct motor ac-

tions: consider the case of Ian Waterman—his 

acute loss of activity in all large-diameter affer-

ents initially rendered him paralyzed. However, 

in other clinical conditions in which propriocep-

tive deficits are less extreme, the strength of the 

relationship between deficits in proprioception 

and physical function varies widely. Importantly, 

this relationship is associational, not causal, 

with other deficits that impact function and per-

formance on proprioceptive tests often present.

The choice of proprioceptive measure is an-

other factor that is important to understand the 

link between proprioception and function. Pro-

prioception, like other senses, requires sensory 

Guest Perspective
Proprioception: A New Look at an Old Concept
By Martin E. Héroux, Annie A. Butler, Lucy S. Robertson, Georgia Fisher, and Simon C. Gandevia

Continued on page 11
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signals to first be processed by dedicated brain 

areas before being integrated into higher-level 

brain functions. For other senses, clinical tests 

have evolved to assess both these aspects. For 

example, to assess hearing, an audiologist might 

administer a pure tone detection test or assess 

the ability to interpret sound and recognize 

speech. Similarly, to assess somatosensation, a 

neurologist might test 2-point tactile discrim-

ination or assess the ability to identify objects 

by touch alone. But, when it comes to proprio-

ception, clinicians and clinical researchers have 

generally focused on the first category of tests, 

those that require people to detect, discriminate, 

or match limb positions or movements. To un-

derstand fully the link between proprioception 

and function, it will be necessary to look beyond 

traditional tests, to those that assess higher-level 

proprioceptive abilities.

When healthy people are asked to detect, 

discriminate, or match proprioceptive stimuli, 

errors tend to be relatively small, with little per-

son-to-person variability. For example, people 

can discriminate between 2 arm positions where 

the location of their index finger differs by only 

1 to 1.5 cm. However, when their arm is in a 

similar configuration and they are instead asked 

to select a line from a visible ruler to indicate 

the location of their index finger, people make 

errors of several centimeters, with differences 

between people as large as 15 cm. These obser-

vations are in line with the view that there are 

2 distinct position senses: one that codes limb 

position relative to the body, and one that codes 

limb location relative to the external world.

But, what makes a proprioceptive ability 

higher-level? The answer was alluded to above 

with the 2 types of position sense. High-level 

proprioceptive abilities involve proprioceptive 

judgments made in a different frame of refer-

ence. For example, the brain possesses dozens 

of spatial maps (e.g., retinotopic, somatotopic, 

egocentric, face-centered, object-centered, and 

world-centered), each with their own frame of 

reference (i.e., coordinate system). To ask a per-

son to indicate the location of their index finger 

when their upper limb is hidden from view is a 

higher-level proprioceptive judgment because, 

to indicate the location of the index finger, for 

example by selecting a line on a visible ruler, 

coordinates of where the index finger is located 

relative to the body must be transformed into 

coordinates of where the index finger is located 

in the visible external world. This is different 

from when a person is asked to match the 

configuration of 1 of their arms because, in this 

situation, the brain simply matches the central 

representation of the 2 arms, it matches like 

with like. Jastrow came to a similar conclusion 

more than a century ago. With the help of sever-

al clever contraptions, Jastrow made thousands 

Continued from page 9

Continued on page 13

Figure. Schematic representation of the proposed framework of human proprioception assessment. The front tile depicts a generic version of the framework with examples. The 
framework divides proprioception and its assessment into 2 categories: low-level proprioception and high-level proprioception. To highlight the multifaceted nature of proprioceptive 
testing, the framework also depicts in cascading colored tiles, examples of various senses that are part of proprioception. Low-level proprioceptive judgments are those made with 
respect to a single frame of reference, and they can be ordered along a continuum of increasing neural complexity. First are judgments that require people to detect a proprioceptive 
input, e.g., “Tell me when you feel your arm starts to move.” Second are judgments that require people to discriminate between 2 proprioceptive inputs, e.g., “Lift this weight, and 
now this one. Which was heavier, the first or the second?” Third are judgments that require people to match a proprioceptive input, e.g., “Bend your left elbow so that it matches 
the angle of your right elbow.” High-level proprioceptive judgments are those made in a different frame of reference. For example, consider a person who grasps an unseen object 
between their thumb and index finger and must report its width by selecting from a series of visible horizontal lines of different lengths. Based on available proprioceptive inputs, 
the brain generates a central representation of the hand that includes the spacing between the thumb and index finger. To report the spacing between the thumb and index finger, the 
brain must transform this central representation of digit spacing into a line length in the external world.
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of observations on judgments of perceived width 

made with the eyes, the hands, and the arms. 

In some trials, the “receiving sense” and the 

“expressing sense” were the same; for example, 

when a person had to report the width of a 

grasped block with their opposite hand. In other 

trials, the “receiving sense” and the “express-

ing sense” were different; for example, when 

a person had to report the width of a grasped 

block by selecting from a series of visible lines. 

Based on his observations, Jastrow eloquently 

concluded: 

“The processes involved in the above-de-

scribed experiments can be represented 

thus: A length presented to the receiving 

sense makes a certain impression on 

my brain-center; the problem then is to 

reproduce the objective stimulation which 

shall give me an equivalent sensation. 

The two operations being simultaneous, 

the sensations can be compared and the 

judgment corrected until they agree. When 

the receiving and expressing senses are the 

same, the comparison is between homoge-

neous sensations, involving 1 brain-center; 

the operation is easy and the error small. 

When the expressing sense differs from the 

receiving sense, heterogeneous sensations 

must be compared, involving 2 brain-cen-

ters; a difficult operation with a large error. 

The large error seems to be due to a loose-

ness of association between heterogeneous 

space-centers; it is a path of high resistance.” 

(Jastrow J. The perception of space by 

disparate senses. Mind os-XI. 1886;549. 

doi:10.1093/mind/os-XI.44.539.)

Traditional tests of proprioception involve 

a single frame of reference; thus they cannot 

capture deficits in higher-level proprioceptive 

abilities. As a first step to address this short-

coming, we propose a novel framework for 

human proprioception assessment (Figure). The 

framework is divided into 2 categories: low-level 

proprioceptive judgments and high-level pro-

prioceptive judgments. 

Low-level proprioceptive judgments are 

those made in a single frame of reference and 

are shown along a continuum of increasing neu-

ral complexity. They are the types of judgments 

made in traditional proprioceptive tests, those 

that require a person to detect, discriminate, or 

match a proprioceptive stimulus.

High-level proprioceptive judgments are 

those made in a different frame of reference. 

Versions of these tests are common in laborato-

ry-based studies, including in psychology where 

they are referred to as cross-modal judgments. 

For example, with their upper limb resting on 

a table and hidden from view, a person might 

choose from a series of visible lines of different 

widths to indicate the perceived width of a 

grasped object, or they might report the number 

of milliliters in a milk carton equivalent to the 

perceived weight of a lifted object. The chal-

lenge will be to devise high-level proprioceptive 

tests that are clinically viable and functionally 

relevant.

This framework acknowledges that proprio-

ception is complex and multifaceted. As such, 

tests of proprioception should not be viewed as 

interchangeable, but rather as complimentary. 

This makes intuitive sense as different peripher-

al and central neural processes and brain areas 

contribute to different proprioceptive senses, 

and more complex proprioceptive tests, for 

example, those that require a person to recall a 

previous limb position or point to the location 

of a hidden hand, require more complex neural 

computations and thus recruit additional brain 

areas. Moreover, impaired proprioception on a 

bilateral matching task is not necessarily accom-

panied by impaired proprioception on a unilat-

eral matching task, nor is impaired propriocep-

tion in the upper limbs necessarily accompanied 

by impaired proprioception in the lower limbs. 

Thus, a single test of proprioception is unlikely 

to capture a person’s overall proprioceptive abili-

ty, a crucial point for future investigations on the 

link between proprioception and function.

Testing human proprioception comes with 

challenges. First, performance on propriocep-

tive and functional tests can be confounded by 

other deficits. For example, stroke survivors may 

present with cognitive, visual, motor, attention, 

and memory deficits, all of which can influence 

performance on proprioceptive and functional 

tests. Thus, to investigate the link between pro-

prioception and function, these deficits should 

be included in causal models. Second, proprio-

ceptive tests are tied to perceptual (i.e., con-

scious) judgments. Yet, these judgments do not 

necessarily reflect how proprioceptive signals 

are processed or interpreted centrally to plan, 

execute, or correct motor commands. Accord-

ingly, because some proprioceptive signals are 

processed subconsciously to plan motor outputs, 

there may be a limit to what proprioceptive tests 

can tell us about proprioception and its causal 

link to function.

The proposed framework comprised of 

both low-level and high-level proprioception 

provides structure to the way researchers and 

clinicians could approach proprioception and its 

assessment. However, as with any new frame-

work, it is necessarily tentative; it will evolve 

as new insights are gained, and clinicians and 

researchers put its logic to the test. Thus, we 

hope this Perspective serves as the catalyst for 

discussion and new lines of investigation. 

This article has been excerpted from “Propriocep-

tion: a new look at an old concept,” by the same 

authors, which was published February 10, 2022, 

in the Journal of Applied Physiology. https://

doi.org/10.1152/japplphysiol.00809.2021. 

Editing has occurred and references have been 

removed due to space limitations. Reprinted with 

permission from the American Physiological 

Society; all rights reserved.  
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To understand fully the link 
between proprioception 
and function, it will be 

necessary to look beyond 
traditional tests, to those 
that assess higher-level 
proprioceptive abilities.
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SELF-ADHESIVE TAPE = SHORT-LEG 
CAST FOR 5TH MET FRACTURE 
Patients who used self-adhesive taping (SAT) as treatment for tuberosi-

ty fractures of the proximal 5th metatarsal fared just as well as patients 

who were placed in short-leg casts (SLC) for the same condition, in 

a recent study from Turkey. Functional outcome was assessed at the 

time of injury and at 2, 4, 6, and 12 weeks. While the SAT group had 

significantly higher Visual-Analogue-Scale Foot and Ankle (VAS-FA) 

scores at weeks 2 and 4, overall, there was no difference between the 

groups’ VAS-FA scores at the time of injury, and at 6 and 12 weeks. 

Furthermore, there was no difference between the groups in the Amer-

ican Orthopedic Foot and Ankle Scores at 12 weeks. Bone union was 

achieved within 12 weeks for all patients. The authors concluded that 

DISUSE IMPACTS 
CARDIOVASCULAR, 
SKELETAL MUSCLE 
HEALTH
Cardiovasomobility is a novel concept that en-

compasses the integration of cardiovascular and 

skeletal muscle function in health and disease 

with critical modification by physical activity, 

or lack thereof. Compelling evidence indicates 

that physical activity improves health while 

a sedentary, or inactive, lifestyle accelerates 

cardiovascular and skeletal muscle dysfunction 

and hastens disease progression. Identifying 

causative factors for vascular and skeletal 

muscle dysfunction, especially in humans, has 

proven difficult due to the limitations associated 

with cross-sectional investigations. Therefore, 

experimental models of physical inactivity and 

disuse, which mimic hospitalization, injury, and 

illness, provide important insight into the mech-

anisms and consequences of vascular and skele-

tal muscle dysfunction. This review provides an 

overview of the experimental models of disuse 

and inactivity and focuses on the integrated 

responses of the vasculature and skeletal muscle 

in response to disuse/inactivity. The time course 

and magnitude of dysfunction evoked by various 

models of disuse/inactivity are discussed in de-

tail, and evidence in support of the critical roles 

of mitochondrial function and oxidative stress 

are presented. Lastly, strategies aimed at pre-

serving vascular and skeletal muscle dysfunction 

during disuse/inactivity are reviewed. Within 

the context of cardiovasomobility, experimental 

manipulation of physical activity provides valu-

able insight into the mechanisms responsible for 

vascular and skeletal muscle dysfunction that 

limit mobility, degrade quality of life, and hasten 

the onset of disease. 

Source: Trinity JD, Drummond MJ, Fermoyle 

CC, McKenzie AI, Supiano MA, Richardson RS. 

Cardiovasomobility: an integrative understand-

ing of how disuse impacts cardiovascular and 

skeletal muscle health. J Appl Physiol (1985). 

2022;132(3):835-861. doi: 10.1152/japplphysi-

ol.00607.2021. Reprinted with permission from 

the American Physiological Society. All rights 

reserved.
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treatment with SAT had satisfactory functional results compared with 

traditional SLC. 

Source: Batibay S, Bayram S, Duman S, Karaytug K, Camur S. Compar-

ison of Self-adhesive Taping and Short-Leg Casting to Treat Tuberosity 

Fractures of the Proximal Fifth Metatarsal: A Prospective Study. J Amer 

Pod Med Assoc. 2022;112(1):20-068.

ORTHOBIOLOGICS: DEFINITIONS, 
CHALLENGES, BARRIERS, & STRATEGIES
Currently defined as “biological substances found naturally in the body 

that help injuries heal more quickly,” orthobiologics come in many 

flavors (see Table). With post-traumatic osteoarthritis and tendinitis 

dominating the orthopedic care space, use of orthobiologics is getting a 

lot of attention, but raising a lot of questions as well. To address those 

questions, the C. Wayne McIlwraith Translational Medicine Institute 

at Colorado State University recently convened an expert panel. Their 

meeting is summarized in a new report published in the Journal of 

Cartilage & Joint Preservation. 

Source: Lattermann C, et al. Orthobiologics in orthopaedic applications: 

a report from the TMI Havemeyer Meeting in Orthobiologics. Journal 

of Cartilage & Joint Preservation. Published May 3, 2022. https://doi.

org/10.1016/j.jcjp.2022.100055. 

Continued from page 15

Table. Orthobiologic products

Source Product

Blood derived
• Platelet rich plasma (PRP)
•  Autologous conditioned serum (ACS)

Bone Marrow 
derived

•  Bone marrow aspirate concentrate 
(BMAC)

•  Bone marrow derived pluripotent mes-
enchymal cells

Fat derived

•  Stromal Vascular Fraction (SVF)
•  Microfragmented Adipose Tissue (MFAT)
•  Adipose derived pluripotent mesenchy-

mal cells

Umbilical cord 
derived

•  Umbilical cord pluripotent mesenchymal 
cells

Amnion/pla-
centa derived

• Cryopreserved amniotic fluid
• Amnion membrane
• Wharton’s jelly

Exosomes • Exosomal products
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STEM CELL STRATEGY FOR REPAIRING 
JOINT DAMAGE SHOWS PROMISE IN PIG 
MODEL

Figure. hESDC-M elicit biomechanically superior articular cartilage repair long term in 
porcine knees at 6 months. a) Heat maps depicting scanning indentation and thickness 
of femoral condyles generated using Mach-1 bioindentor; scale bars for instantaneous 
modulus (top rows) and thickness (bottom rows) are shown on the right. hESDC-M = 
human embryonic stem cell-membrane -bound; Membrane only = control.

 

A method to turn human stem cells into cartilage cells shows promise for 

repairing damaged joint tissue in a pig model of knee cartilage injury. The 

findings, funded in part by the National Institute on Aging and published 

in Regenerative Medicine, provide a potential new therapeutic strategy that 

may help repair damaged cartilage and prevent osteoarthritis.

In a new study, an international team of researchers refined a 

stem cell–based procedure that produces longer-lasting, higher-quality 

cartilage. The approach may also be easier to use in the clinic. To first test 

their theory, the researchers modified stem cells and implanted them into 

experimentally damaged knees in miniature pigs, which led to integration 

of the implanted stem cells and repair of the damaged cartilage. After 6 

months, the repaired tissue had all of the physical and molecular charac-

teristics of undamaged cartilage (figure). The tissue even got thicker and 

more compressible—qualities that help cartilage to cushion the joints. 

The study also found that the injected cells caused the pig’s own body to 

start making cartilage cells to further help in damage repair. The team 

also developed a liquid in which the injectable cells can be frozen and 

later revived, meaning the therapeutic cells could be transported to clinics 

and stored for an extended period.

While these cells did not cause an immune response in the pigs, 

more studies are needed to understand what might happen in humans 

and determine any potential adverse effects. 

Source: Petrigliano FA, et al. Long-term repair of porcine articular 

cartilage using cryopreservable, clinically compatible human embryonic 

stem cell-derived chondrocytes. NPJ Regenerative Medicine. 2021;77(6). 

doi:10.1038/s41536-021-00187-3. Use is per CC BY.

Continued on page 19
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ACUPUNCTURE APPEARS TO REDUCE 
FRACTURE RISK IN OA

iStockphoto.com #154894365

Osteoarthritis (OA), the most common form of arthritis, is commonly 

known as wear-and-tear arthritis. It is a growing epidemic as the world’s 

population ages. In Taiwan, nearly 40% of Taiwanese individuals over 

age 50 have OA of the knee; that number rises to 55% in women over 

age 80. OA is a known risk factor for falls in older adults, making OA 

management a public health goal. Researchers in Taiwan wanted to better 

understand the association between acupuncture therapy, which has been 

around for centuries, and the risk of fracture in Taiwanese patients with 

OA.

Using a 1:1 propensity score-matched cohort design, the multi-site 

team used the Taiwanese National Health Insurance Research Database 

(which covers about 97% of the population) to identify >3,400 patients 

between 1997 and 2010 with newly diagnosed OA. The 2 groups (1,708 

individuals each) were equally matched in baseline characteristics for 

age, sex, comorbidities, drugs used, and surgical episodes. More than half 

the study population had hypertension, 40% had hyperlipidemia, 23% 

had diabetes, and 17% had depression. Alcoholism, tobacco dependence, 

and obesity were similar among both cohorts. In the final analysis, 292 

patients in the acupuncture cohort and 431 in the no-acupuncture cohort 

developed fractures. Fracture incidence increased with age rising from 

2.11 in those age 40 to 60 years, to 3.91 in those over age 65. Patients 

with depression had higher risk of fractures while the acupuncture 

cohort overall had a lower cumulative incidence of fracture (log-rank test, 

P<0.001).

In the acupuncture group, 87% underwent manual acupuncture, 2% 

electroacupuncture, and 11% used a combination of the 2 forms. The au-

thors note the evidence for use of acupuncture as a fracture preventive is 

growing. In particular, they cite studies that found acupuncture increases 

bone mineral density and may stimulate and/or regulate pro-inflamma-

tory and anti-inflammatory cytokines, which has the potential to improve 

osteoporosis and therefore fractures.

The authors concluded that acupuncture treatment relieves joint 

pain and improves muscle power, which benefits musculoskeletal 

disorders as well as degenerative disease and may help stroke patients 

preserve limb function and attain better quality of life. The results of this 

study, they write, shows the association between using acupuncture and 

the reduced incidence of fracture in an aging population. 

Source: Huang CY, Wu MY, Huang MC, et al. The association between 

acupuncture therapies and reduced fracture risk in patients with osteoar-

thritis: a nationwide retrospective matched cohort study. J Integr Comple-

ment Med. 2022;28(5):418-426. doi: 10.1089/jicm.2021.0287.

MUSCLE MASS & COVID OUTCOMES 
EXAMINED IN 2 STUDIES

iStockphoto.com #1308624310

Recent publications from 2 locations in Germany used different tech-

niques to look at muscle mass and outcomes in SARS-Co-V2 patients 

during the height of the pandemic. Both found associations between loss 

of muscle mass and mortality. Both were published in the Journal of 

Cachexia, Sarcopenia and Muscle. 

In the first study, Kremer et al1 assessed muscle quantity by sono-

graphic muscle indices as possible predictors of COVID-19 outcome. This 

team first examined a cohort of patients without COVID-19 to obtain 

median reference values for low muscle quantity by gender—using the 

psoas muscle area index (PMAI) as well as the thigh muscle thickness 

index (TMTI). Then the group looked at 2 cohorts of patients—Cohort 

I from the initial round of the pandemic, and Cohort II from the second 

wave. 

The PMAI showed the most favorable characteristics to predict 

COVID-19 disease outcome, when compared to other muscle indices. 

Using sonographic morphometry in the cohort without COVID-19, 

gender-specific medians for PMAI (male: 291.1 mm2/m2, female 260.6 

mm2/m2) were identified as threshold values of low muscle quantity. 

Among the COVID-19 patients, 22.4% of Cohort I (13/58) and 34.5% 

of Cohort II (20/55) developed a critical course of disease. The mortality 

Continued on page 20

Continued from page 17
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Continued from page 19

rate reached 12.1% in Cohort I (7/58) and 20% in Cohort II (11/55) within 

30 days of follow-up. COVID-19 patients with a PMAI below the gen-

der-specific median showed a higher 30-day mortality in both COVID-19 

cohorts (log rank, P < 0.05). The optimal PMAI cutoff value (206 mm2/

m2) predicted 30-day mortality of hospitalized COVID-19 patients with a 

sensitivity of 72% and specificity of 78.5% (receiver operating characteris-

tic-area under the curve: 0.793, 95% confidence interval 0.671–0.914, P = 

0.008). Multivariable log-regression analysis of PMAI, age, gender, body 

mass index, and comorbidities confirmed an independent association of 

low PMAI with 30-day mortality of COVID-19 patients (P = 0.018).

The authors concluded that sonographic morphometry can provide 

reliable muscle quantification under hygienic precautions and allows risk 

stratification of patients with COVID-19.

In the second publication—a systematic review and meta-analysis, 

Meyer et al2 found significant effect for low skeletal muscle mass (LSMM) 

and visceral fat areas (VAT) on mortality and unfavorable outcomes in 

COVID-19 patients, using both univariate as well as multivariate analyses. 

Their review examined 6 studies to understand the association between 

LSMM and VATs and in-hospital mortality in COVID-19 patients using 

computed tomography (CT). The studies in the review included 1,059 

patients (591 men, 55%) with a mean age of 60.1 years (range, 48–66).  

The pooled prevalence of LSMM was 33.6%. The pooled odds ratio 

for the effect of LSMM on in-hospital mortality in univariate analysis was 

5.84 [95% confidence interval (CI), 1.07–31.83]. It was 2.73 (95% CI, 

0.54–13.70) in multivariate analysis. The pooled odds ratio of high visceral 

fat area on unfavorable outcome in univariate analysis was 2.65 (95% CI, 

1.57–4.47). 

These authors concluded that CT-defined LSMM and high VATs 

have a relevant effect on unfavorable outcomes and in-hospital mortality 

for COVID-19 patients and call for the inclusion of these measures as 

prognostic biomarkers in the clinical routine for these patients. They also 

note that body composition is an emergent field of research not just related 

to COVID-19. Given that all patients in critical care are at risk of muscle 

wasting, as are the elderly with primary sarcopenia, the authors argue that 

the ease of calculating LSMM and VAT from existing CT images calls for 

further research into these parameters. 

1. Kremer WM, Labenz C, Kuchen R, et al. Sonographic assessment of 

low muscle quantity identifies mortality risk during COVID-19: a pro-

spective single-centre study. Journal of Cachexia, Sarcopenia and Mus-

cle. 2022;13:169–179. https://doi.org/10.1002/jcsm.12862

2. Meyer H-J, Wienke A, Surov A. Computed tomography-defined body 

composition as prognostic markers for unfavourable outcomes and 

in-hospital mortality in coronavirus disease 2019. Journal of Cachexia, 

Sarcopenia and Muscle. 2022;13:159-168. https://doi.org/10.1002/

jcsm.12868 
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By Kim T. M. Opdam, Ruben Zwiers, 

Johannes I. Wiegerinck, C. Niek van 

Dijk, and Ankle Platform Study 

Collaborative – Science of Variation 

Group

It has been customary practice for medical 

terms to be named after a person—familiar 

eponymous terms serve as shorthand during 

communication with colleagues. Specifically, as 

it relates to tendon–related disorders, several 

of these disorders can be distinguished and for 

each pathology different definitions and terms 

or eponyms arose over time. For example, the 

indistinct Haglund eponyms are still frequently 

used in Achilles tendon–related terminology. 

Moreover, the terminology for Achilles tendon–

related disorders is inconsistent and confusing. 

Initially terms were used such as “cellulite 

peritendineuse,” “tendinitis Achillae traumatica,” 

“paratendinitis,” “tenosynovitis,” and “peritendi-

nitis.” The term “achillodynia” was introduced as 

a descriptive term for Achilles tendon–related 

pain. Subsequently terms were based on histo-

logical findings and a subdivision was made into 

insertional and non-insertional Achilles tendon 

problems. 

Maffulli et al observed that terminology 

used for tendon conditions was misused and 

confusing. In their opinion, definitions such as 

tendinitis, tendinosis, and paratendonitis can 

only be diagnosed after biopsy; however, they 

were often used in clinical practice without 

histopathologic examination. Due to a lack of 

consistence in nomenclature, Maffulli et al advo-

cated to use the term tendinopathy to describe 

clinical overuse conditions characterized by pain 

and swelling around the tendon and impaired 

performance. Depending on the affected tissue, 

the terms tendinopathy, paratendinopathy, or 

pantendinopathy were proposed.

In 2011, an addition was proposed to fur-

ther purify the terminology used in Achilles ten-

don–related disorders to effectuate uniform and 

clear terminology. This terminology is based on 

anatomic location, symptoms, clinical findings, 

and histopathology and consists of the following 

5 terms: mid-portion Achilles tendinopathy, 

insertional Achilles tendinopathy, Achilles 

paratendinopathy, retrocalcaneal bursitis, and 

superficial calcaneal bursitis (see Table). 

Uniform terminology provides the ability 

to communicate with a universal language in 

daily practice amongst clinicians and research-

ers. Toward this end, the Ankle Platform Study 

Group set out to survey and evaluate the current 

terminology and assess the latest proposals on 

terminology used for Achilles tendon–related 

disorders.

Methods & Results
All orthopedic surgeons experienced in the field 

of foot and ankle surgery who are members of 

the Ankle Platform Study Group—Science of 

Variation Collaborative were invited to partici-

pate in this survey by logging on to the website 

www.Ankle Platform.com* (see Note at end). 

Fully completed responses were received from 

141 of the 283 (50%) orthopedic surgeons from 

around the world. They were requested to fill 

out a survey on terminology in 6 typical cases 

with Achilles tendon–related disorders (see 

Appendix I, page 25). Participants were asked 

to give their preferred diagnosis for each case 

presented. In 5 out of 6 cases with Achilles 

tendon-related disorders, the majority gave an 

answer according to latest proposals.

The second part of the study comprised a 

systematic literature search of Achilles ten-

Increasing Consensus on Terminology of Achilles 
Tendon–Related Disorders

This article has been excepted from “Increasing consensus on terminology of achilles tendon‑related disorders,” by the authors noted above, which was published online on May 
15, 2021, in the journal Knee Surgery, Sports Traumatology, Arthroscopy. 2021;29:2528–2534. doi.org/10.1007/s00167‑021‑06566‑z. Editing and summarization have occurred, 
including the renumbering of tables, and references have been removed for brevity. Use is per CC BY 4.0.

Continued on page 25

*van Dijk CN, van Sterkenburg MN, Wiegerinck JI, Karlsson J, Maffulli N. Terminology for Achilles tendon related disorders. Knee Surg Sports Traumatol Arthrosc. 2011;19:835–841.
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Continued from page 23

Appendix I. The 6 cases surgeons were asked to review.

CASE # IMAGE AND DESCRIPTION CASE PRESENTATION DIAGNOSIS

Case 1

The photo on the left shows the location of the pain in a 
normal ankle. The photos on the right show the pathology.

• 40-year-old male.
• Pain over his right Achilles tendon, which impairs his activity. 
•  Painful localized fusiform swelling of the Achilles tendon located 6 cm 

proximal to the insertion onto the calcaneus. 
• X-ray shows deviation of soft tissue contours.
•  Ultrasound showed a larger tendon than normal (in cross-sectional area 

and antero-posterior diameter). There were hypoechoic areas within the 
Achilles tendon and increased tendon vascularity (mainly in the ventral 
peritendinous area).

Mid-portion Achilles 
tendinopathy

Case 2

The photo on the left shows the location of the pain in a 
normal ankle. The photos on the right show the pathology.

• 30-year-old female.
•  Posterolateral heel pain on the right side (worsens with shoes with rigid 

posterior portion).
•  Visible, painful and solid swelling with discoloration of the skin located at 

the posterolateral calcaneus.
• X-ray shows no abnormality.
•  Ultrasound showed fluid between the skin and the Achilles tendon.

Superficial calcaneal 
bursitis

Case 3

• 32-year-old male.
•  Since 4 days edema and hyperemia around the midportion Achilles tendon 

on the left side. 
•  Redness and swelling of the skin over the full length of the Achilles tendon. 
• On palpation there are crepitations.
• X-ray shows no abnormalities.
•  Ultrasound showed a normal Achilles tendon with a circumferential 

hypoechogenic halo.

Acute Achilles 
paratendinopathy

Case 4

The photo on the left shows the location of the pain in a 
normal ankle. The photos on the right show the pathology. 

• 60-year-old male.
• Stiffness and pain on the posterior aspect of the calcaneus on the left foot.
•  Painful Achilles tendon insertion at the mid-portion of the posterior aspect 

of the calcaneus with visible swelling 
•  X-ray shows calcaneal bone spur at the insertion of the Achilles tendon.

Insertional Achilles 
tendinopathy

Case 5

The photo on the left shows the location of the pain in a 
normal ankle. The photos on the right show the pathology.

• 35-year-old female patient.
•  Painful swelling superior to the calcaneus of the left foot.
•  Painful soft tissue swelling, medial and lateral to the Achilles tendon at the 

level of the posterosuperior calcaneus. 
•  X-ray shows bony prominence of the posterosuperior calcaneus.
•  Ultrasound showed fluid in the retrocalcaneal area (hyperechoic).

Retrocalcaneal 
bursitis

Case 6

• 39-year-old male.
•  Since one year exercise-induced pain around the midportion Achilles 

tendon of the left foot. 
•  Minimal swelling and some crepitations around the midportion Achilles 

tendon.
• X-ray shows no abnormalities.
•  Ultrasound shows thickened hypoechoic paratenon and the echo-Doppler 

shows increased tendon vascularity (mainly in ventral peritendinous area).

Chronic Achilles 
paratendinopathy

Continued on page 26
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don–related disorders in 8 foot and ankle journals in Medline, Embase 

(Classic) from 2000 to 2016: the American Journal of Sports Medicine, 

British Journal of Sports Medicine, Knee Surgery Sports Traumatology 

Arthroscopy, Foot & Ankle International, Journal of Orthopedic Research, 

Acta Orthopedica, Journal of Foot and Ankle Research, and Journal of 

Foot and Ankle Surgery.

All articles on Achilles tendon–related disorders, except Achilles 

tendon ruptures, published from 2000 until 2016 were included. Title 

and abstract were screened, and the used terminology was extracted. All 

extracted terms were counted and divided into “according to the latest 

proposals” and “not according to the latest proposals,” based on anatomic 

location, symptoms, clinical findings, and histopathology, which was 

published January. When multiple terms were used in 1 publication, 

for example mid-portion Achilles tendinopathy and insertional Achilles 

tendinitis, this was scored as “not according to the latest proposals.” All 

terms described in publication about terminology of Achilles tendon–

related disorders in 2011 were used. Literature was reviewed for the 

terminology used in papers on Achilles tendon–related disorders and 

thereafter a systematic literature search was performed.

After the search, 244 articles were reviewed. The terms most used 

in literature from 2000 to 2016 are (chronic) Achilles tendinopathy, 

mid-portion Achilles tendinopathy, and (chronic) Achilles tendinosis. 

Also, eponyms were still frequently used. In 2000, 20% used terminolo-

gy according to the latest proposals based on anatomic location, symp-

toms, clinical findings, and histopathology and in  2016, 93%. In 2000, 

33% used terminology according to the latest proposals and in 2016, 

100%. In 2000, 0% used terminology according to the latest proposals 

for insertional Achilles tendinopathy and retrocalcaneal bursitis and in 

2016, 80%.

Discussion
The main findings of this study were that terminology for Achilles 

tendon–related disorders according to the latest proposals based on 

anatomic location, symptoms, clinical findings, and histopathology is 

being used by the majority of orthopedic surgeons in daily practice and is 

increasingly being used in the literature. However, the indistinct Haglund 

eponyms are still frequently used in Achilles tendon–related terminology.

The wide variety in terminology for Achilles tendon–related disor-

ders is confusing. The term that represents the entity must be neutral yet 

descriptive, uniform, and clear. Therefore, descriptive terms are prefer-

able to eponymous terms. Terminology that includes the combination 

of anatomic location, symptoms and clinical findings, and pathological 

changes for each entity has, therefore, been advocated.

Symptoms around the Achilles tendon often have a similar presen-

tation and it is, therefore, important to define the pathology or the com-

bination of pathologies. For example, lack of distinction between entities, 

such as insertional tendinopathy and chronic retrocalcaneal bursitis, is 

crucial to determine further treatment and it impedes the process for 

researchers to perform an all-encompassing systematic review.
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In 5 out of 6 cases in the survey, the majority of orthopedic surgeons 

gave a diagnosis according to the terminology based on anatomic loca-

tion, symptoms, clinical findings, and histopathology. The exception is 

the fifth case, where the majority choose Haglund’s disease instead of ret-

rocalcaneal bursitis. A possible reason for this is the ingrained use of the 

eponym Haglund. There are approximately 20,000 medical eponymous 

terms in use today and the literature shows that using eponymous terms 

is an inaccurate and unreliable method of communication. Somford et al 

questioned 244 orthopedic surgeons worldwide on common eponymous 

terms and reported a low agreement on use of eponymous terms (kappa 

0.11; proportion of agreement, 68%). Nevertheless, eponymous terms 

are often used in clinical setting and are passed on to the residents and 

students. Also, eponymous terms used in the published articles are often 

inconsistent and do not match their original definition.

Terminology in which Haglund eponyms such as Haglund’s de-

formity, Haglund’s syndrome, and Haglund’s disease are all dissimilar 

entities that should be avoided, because there is a large variation in the 

presumed meaning of these eponymous terms. Haglund’s syndrome 

was first defined as a common cause of posterior heel pain, character 

ized clinically by a painful soft tissue swelling at the level of the Achilles 

tendon insertion. Haglund’s deformity was first described as a tender 

swelling in the region of the Achilles tendon with visible prominence of 

the posterolateral aspect of the calcaneus. Haglund’s disease, however, 

refers to osteochondrosis of the accessory navicular bone.

In systematic reviews, many eponymous diagnoses have to be con-

verted to anatomical diagnostic groupings and at all studies are excluded 

based on aberrant or uninterpretable definitions of an eponym or pathol-

ogy, which can lead to different research results, which are often leading 

for the best scientific-based treatment in clinical practice. 

Uniform terminology provides the ability to communicate with a 

universal language in daily practice amongst clinicians and researchers 

and will lead to the best available scientific-based treatment in clinical 

practice.

Conclusion
The revised terminology for Achilles tendon–related disorders is used 

by the majority of orthopedic surgeons and is increasingly used in the 

literature. However, the indistinct Haglund eponyms are still frequently 

used in Achilles tendon–related terminology. 

*Note: The Ankle Platform (www.ankleplatform.com) was developed for 

orthopedic surgeons who have a special interest in the ankle and hindfoot. 

The aim is to share knowledge and techniques of the Amsterdam Foot 

& Ankle School and to improve skills on ankle and hindfoot pathology. 

The techniques are developed by Dutch Orthopedic surgeon Niek van 

Dijk, MD, and his team in the AMC Hospital in Amsterdam. Today Ankle 

Platform has members from 115 countries worldwide.

http://www.ankleplatform.com
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By Windy Cole, DPM, CWSP 

A crucial component of wound management is 

regular debridement. The goal of debridement 

is the removal of all necrotic, fibrous, and devi-

talized tissue from the wound bed. Devitalized 

tissue in wounds produces a physical barrier to 

formation of new tissue and therefore decreases 

healing rates. If devitalized tissue remains in 

the wound bed, bacterial colonization is more 

likely. Standard of care remains that unhealthy 

tissue be sharply debrided to bleeding tissue 

to 1) allow for visualization of the extent of the 

ulcer, 2) to detect underlying exposed structures, 

deep bacterial contamination, or abscesses, and 

3) to assess the quality of the peri-wound tissue. 

Frequent and thorough debridement reduces 

bacterial bioburden. In some cases, although the 

debridement adequately removes devitalized tis-

sue, the remaining wound bacteria may become 

problematic. 

Bioburden is an all-encompassing term 

that includes necrotic material, non-viable 

tissue, wound exudate, as well as bacteria and 

other microbes (eg, fungi). Bioburden tends to 

continually accumulate in chronic wounds be-

cause of the underlying pathogenic abnormality 

caused by systemic conditions such as diabetes 

or venous disease. The inability to fully resolve 

these fundamental physiologic issues makes 

chronic wound bed management with aggressive 

and complete debridement even more crucial. 

Biofilm management however is a more 

complicated problem. Biofilm is an assemblage 

of surface-associated microbes enclosed in a 

self-produced matrix. Identifying and manag-

ing biofilm have recently become two of the 

most important aspects of wound care. The US 

Centers for Disease Control and Prevention and 

the National Institutes of Health have estimated 

that 65% – 80% of infections are caused from 

biofilms. Generally, it is believed that biofilms 

develop in stages (Figure). The initial stage is 

WOUND CARE UPDATE
Biofilm Management: The Struggle is Real

Figure. Four stages of biofilm formation: a) “initial adhesion”—microorganisms bind to host or medical device surfaces through cell surface associated adhesins; b) “early biofilm 
formation”—cells begin to divide and produce extracellular polymeric substance (EPS) to enhance adhesion, while forming matrix that embeds the cells; c) “biofilm maturation”—
EPS matrix develops 3-D structures which is multi-functional and protective, allowing heterogeneous chemical and physical microenvironments to be formed where microorganisms 
co-exist within polymicrobial and social interactions; d) “dispersal”—cells leave the biofilm, returning to the planktonic phase. Therapeutic interventions can be targeted at each 
stage of biofilm development. a) For example, the initial phase of biofilm formation can be disrupted by breaking the interactions between microorganisms and surface, through 
targeting cell-surface associated adhesins. b) The early stages of biofilm development can be disrupted by inhibiting the EPS production and cellular divisions. c) Mature biofilms 
can be removed by physical-mechanical approaches, degrading the EPS-matrix, targeting the pathogenic microenvironments and social interactions within polymicrobial biofilms, as 
well as eliminating dormant cells. d) Induce the EPS matrix remodeling or biofilm active dispersal events. From: Jiang Y, Geng M, Bai L. Targeting biofilms therapy: current research 
strategies and development hurdles. Microorganisms. 2020;8(8):1222. Use is per CC BY. 
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composed of small communities of bacteria that 

begin to attach to the wound surface. These 

polymicrobial colonies are commonly composed 

of bacteria, fungi, and other microorganisms. 

Biofilm is most susceptible to debridement and 

topical therapies at this stage.  Unlike planktonic 

bacteria, biofilm bacteria form attachments with 

one another. At this juncture, the community 

has formed more permanent attachments to 

the wound surface, creating a more cohesive 

symbiotic community. They then can share 

information and gene-expression through a cell–

cell communication mechanism called quorum 

sensing. Finally, biofilm colonies will begin to se-

crete a protective glycocalyx that also adheres to 

the wound surface. This entire process typically 

occurs in 2 to 4 days, unless disrupted. This ex-

tra polymeric substance is difficult to penetrate 

with systemically administered antibiotics and 

topical therapies. 

Mature biofilms house mostly senescent 

bacteria that function at a lower energy state 

than active planktonic bacteria. As biofilms 

continue to evolve, they continue to change their 

phenotype and they share their resistance to 

antibiotics with the community. These factors 

make effective biofilm elimination a compli-

cated matter. Even with thorough debridement 

biofilms may persist. These bacterial colonies 

have a significant impact on wound healing 

by causing prolonged inflammatory responses 

in the patient as well as contributing to acute 

bacterial infections.

Wound care clinicians must understand 

the best practices in biofilm management to be 

successful. Debridement is still thought to be the 

most effective way to remove biofilm. Even after 

an aggressive debridement biofilm can reform in 

as little as 24 hours. It is unlikely that com-

plete removal of biofilm can be achieved with 

debridement alone. Debridement only tempo-

rarily eliminates biofilms. Employing adjunctive 

therapies in addition to regular debridement is 

often necessary. Research has shown that the 

best window of opportunity for biofilm preven-

tion exists directly following debridement up to 

24 hours. Biofilm is at its most susceptible and 

data illustrates that topical therapies are most ef-

fective during this period. Optimizing the effects 

of regular debridement utilizing a multi-tiered 

treatment approach is the most promising way 

to win the biofilm struggle. 

Windy Cole, DPM. CWSP, is an adjunct pro-

fessor and Director of Wound Care Research at 

Kent State University College of Podiatric Medi-

cine. Dr Cole also serves as the National Director 

of Professional Development and Clinical Educa-

tion for Woundtech. She is board certified by the 

American Board of Foot and Ankle Surgery and 

the American Board of Wound Management. 

She is a wound care advocate on the forefront of 

wound research and was the 2020 World Union 

of Wound Healing Silver Medal Award recipient 

for her work in Technology-driven Research. And 

she is a member of the LER Editorial Advisory 

Board. 
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Ask any woman who’s been 
through it, and they’ll easily con-
firm: Pregnancy is a life-changing 
event with numerous hormonal, 
physiological, morphological, 
functional, and biomechanical 
adaptations. Here we summarize 
and excerpt a round-up of recent 
research findings that show the 
impact of pregnancy on tendons in 
the lower extremity, on foot loading 
and plantar pressures in gait, and 
on morphological and postural 
changes in the foot, as well as the 
benefits of compression stockings 
during this unique period. 

Changing Tendons
As the need for physical activity, or at least 

non-sedentary behavior becomes more evi-

dence-based for the general population, many 

clinicians find that encouraging pregnant women 

to be more active can be met with resistance as 

the specific evidence base is scant at best for 

this group. The ongoing weight gain of a healthy 

pregnancy leads to a constant change in one’s 

center of mass which requires a compensation 

in motor response—often altering foot and 

ankle biomechanics, making many women feel 

unstable and therefore unwilling to take what 

they perceive as any unnecessary risk. But times 

are changing and with the advent of published 

guidelines encouraging women to be physically 

active throughout their pregnancy, many of 

today’s women of child-bearing age are taking 

up—and maintaining during pregnancy—not 

only strength training but vigorous-intensity 

activities.1 While this trend is to be commended, 

the potential for increased musculoskeletal injury 

cannot be ignored.

While most would agree that physical 

activity can be healthy for the mother and fetus, 

it is also true that the many hormonal changes of 

pregnancy can affect the musculoskeletal system 

in ways that are only beginning to be studied. 

Writing in a recent case study in the Journal of 

Applied Physiology, Waugh and Scott1 note that 

such hormonal changes could increase the risk 

of soft tissue injury. They cite the known gender 

differences in injury rates for the anterior cruciate 

ligament (ACL), which have made it a target for 

research related to relaxin, estrogen, progester-

one, and testosterone. In addition to pregnancy, 

these sex hormones are known to fluctuate 

during monthly menstrual cycles as well. For 

example, they note the elevated levels of estrogen 

(10- to 100-fold) during the preovulatory phase of 

the menstrual cycle are associated with reduced 

tissue stiffness and increased injury rates, such as 

increased ACL laxity causing knee displacement. 

In their case study, they were able to collect 

connective tissue properties on load-bearing ten-

dons from a single recreationally active individual 

during 2 successive pregnancies. Using a variety 

of techniques, they evaluated morphological, 

mechanical, and functional properties of the 

Achilles, ACL, and mid-patellar tendons, as well 

as gait kinematics and kinetics. Their findings 

show subtle changes in tendon organization and 

stiffness throughout the course of the pregnan-

cy and into parturition. The authors conclude 

by calling for further study of musculoskeletal 

adaptations during pregnancy, particularly as 

they relate to both increasing physical activity 

and injury risk.

Biomechanics
Writing in the Journal of Functional Morpholo-

gy and Kinesiology, Conder et al2 highlight the 

numerous biomechanical and hormonal changes 

of pregnancy as they relate to spinal curvature, 

balance, and gait patterns as well as quality of 

life (QOL) changes such as back pain and the 

increased risk of falls. In their systematic review 

of 50 research papers, they found that angles of 

lordosis and kyphosis are significantly—though 

not consistently—increased in pregnancy. Back 

pain is significantly increased in pregnant wom-

en, although this is not significantly correlated 

with spinal changes. Increased movements of 

center of pressure (COP) and increased stability 

indexes indicate postural control is reduced in 

pregnancy. 

Specifically related to static stability and 

Continued on page 35

Adaptations in the Lower Extremity During Pregnancy 
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visual cues, the authors found that when women 

are asked to keep their eyes open, stability has 

been shown to improve and in conditions that 

require women to keep their eyes closed, path 

length of the COP is increased by pregnancy. 

It is reported that the condition of closing eyes 

affected both pregnant and non-pregnant women 

in the same way, and it is concluded that the 

destabilization is due to poor somatosensory 

processing rather than anatomical changes of 

pregnancy. This highlights the importance of 

visual cues for the maintenance of balance. Inter-

estingly, in instances where the eyes are closed, 

sufficient balance has instead been maintained 

by spreading the feet apart. The idea here is that 

increasing the width of the stance increases the 

base of support and therefore is an attempt to 

improve stability and lateral balance.

Joint Kinematics: As for joint kinematics, 

some studies show that there are significant 

reductions in the peak hip flexion and peak hip 

extension in the sagittal plane during the second 

and third trimester of pregnancy compared to 

non-pregnant women. In the frontal plane, there 

is conflicting evidence whereby some studies 

report higher hip adduction in pregnant women 

during gait, whereas others report larger peak 

hip adduction angles in postpartum women. This 

may be due to comparing pregnant women to dif-

ferent sorts of controls, where some studies use 

non-pregnant women and others use postpartum 

measurements of the same women. Decreased 

thigh abduction is observed in the developing 

pregnancy and compared to non-pregnant 

women. In the transverse plane, peak external ro-

tations (lateral and medial) of the hip are shown 

to be significantly higher in pregnant women, and 

these are at their highest in the third trimester. 

In an interesting study, Branco et al3 report that 

in terms of hip joint power, there are significant 

predictors in pregnant women. It was observed 

that thigh fat area is a significant predictor of hip 

joint power during the second trimester, while 

body weight is a significant predictor of hip joint 

power during pregnancy.

The knee joint shows increased maximum 

flexion sagittally in the developing pregnancy, 

while displaying significant reductions in max-

imum extension of the knee when compared to 

non-pregnant women.

Regarding the ankle, increased inversion 

and eversion are observed in both the developing 

pregnancy and when compared to controls in 

the frontal plane. This coincides with increased 

rotation of the foot during pregnancy, tending 

toward pronation. A significantly reduced plantar 

flexion is also observed during pregnancy. 

However, there are also studies that have found 

no significant changes to the ranges of motion in 

the ankle, knee, and hip, including no changes 

to ankle inversion/eversion and knee flexion/

extension.

It is likely that these kinematic effects are 

connected in some way, especially since it is 

known that an increased pelvic tilt can reduce the 

flexion moment in the hip. The literature makes 

little reference to changes in the adduction of 

the knee joint. There is evidence suggesting that 

increased inversion and eversion in the ankle 

(observed in pregnancy) can result in reduced 

adduction of the knee. This should be explored 

further in relation to the effects of pregnancy

Body Mass: Body mass significantly increas-

es with the developing pregnancy, while the trunk 

becomes longer and abdominal girth significantly 

increases. This increase in body mass is most sig-

nificant in the third trimester. Increases can also 

be observed in the breadth of the thorax, girth of 

the gluteals, girth of the calves, and biceps and 

tricipital skinfolds during pregnancy. Further-

more, there is an increase of fat in the calves 

observed as well as a significant reduction in calf 

muscle. However, changes of this likeness are not 

observed in the thighs. In terms of the foot, preg-

nant women display a significantly reduced arch 

between the first and third trimesters, as well as a 

significant increase in the width of the foot. This 

results in an increased area of contact between 

the middle of the foot and the floor as well as 

the lateral heel. An increased pressure in the 

second metatarsal of the foot was also observed 

in the third trimester compared with both earlier 

pregnancy and postpartum. Findings also show 

that pregnant women have higher recorded Foot 

Posture Indices (FPI) in the third trimester. An 

increase in FPI describes the foot of a pregnant 

woman late in her pregnancy.

It is known that water retention is increased 

in pregnancy, particularly in the ankles, which 

is a likely explanation for the increase in foot 

width and contact with the floor. Also, higher 

relaxin levels may play a role in relaxing the 

plantar fascia, the ligament on the sole the foot 

that supports the arch. A weakened plantar fascia 

combined with increased weight from pregnancy 

pushing downward is a likely explanation for a 

reduced arch height, and thus an increase in foot 

contact with the floor. In terms of QOL, associa-

tions have been made between higher reported 

pain levels in women with flat feet in the general 

population.

Trunk range of motion, hip flexion, and ex-

tension are reduced, stride length and gait veloci-

ty are decreased, and step width increased; again, 

not consistently. It is likely that each woman 

adopts unique techniques to minimize the effects, 

for example increasing step width to improve 

balance. Further research should focus on how 

altered limb kinematics during gait might affect 

QOL by influencing the human body, as well as 

assessing parameters in all planes to develop a 

wider understanding of pregnant biomechanical 

alterations.

Plantar Pressures, Flattening 
Arches
In a recent study out of Poland that was pub-

lished in PLoS One, Maslon et al4 sought to 

understand how pregnancy affects foot loading 

patterns in gait and if it is related to the body’s 

adjustments to the growing fetus over the course 

of the pregnancy. They looked at 30 women in 3 

sessions, 1 in each trimester of pregnancy (P1, P2, 

P3). They took anthropometric measures of body 

mass and waist circumference, and the women 

did walking trials at a self-selected speed along a 

~6m walkway, with vertical pressures recorded 

via a force plate in the middle of the walkway.  

In what appears to be the first longitudinal 

study in which the relation between abdominal 

size and plantar pressure distribution pattern was 

analyzed, their findings show that the correlation 

of individual foot loading parameters across 

different trimesters was relatively high, more 

noticeably for dynamic longitudinal arch index 

(DAI) and foot angle (r~0.9) and less for the 

medial lateral index, and forefoot-rearfoot index 

measurements (r~0.5–0.8). Nevertheless, there 
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were also changes depending on the phase of 

pregnancy. Plantar pressure alterations that occur 

during pregnancy may be related to both biome-

chanical factors and gait adaptations. 

Arch Flattening: Foot arch flattening during 

gait was evaluated by measuring the DAI param-

eter, which correlated with the body mass in all 

trimesters, consistent with the influence of indi-

vidual biomechanical factors (eg, internal loads 

related to the anatomical structure of the body) 

on foot loading. An increased body mass gener-

ally evokes changes in the height of the foot arch 

during posture; the higher the weight, the more 

significant changes can be observed, resulting in 

the increase in midfoot contact area and midfoot 

plantar pressure in late pregnancy. Body mass in 

pregnant women increases significantly during a 

relatively short period of time, by an average of 

11 to 16 kg [24 to 35 pounds]. In the presented 

sample of participants, the mass gain was about 

11 kg. As for the longitudinal changes during gait, 

the results showed a tendency of longitudinal foot 

arch flattening for both feet (increasing values of 

DAI); however, the observed changes were sta-

tistically significant (P = 0.01) only for the right 

foot when comparing P2 and P3 (see figure).

Not only mass gain but also body mass 

distribution can be linked to plantar pressure 

changes. About half of body mass gained during 

pregnancy is situated in the abdominal area (an-

terior part of the trunk), which leads to changes 

in the center of gravity and greater oscillations of 

the COP. The compensations, which are believed 

to follow the center of gravity deviation, include 

increased lumbar lordosis, sagittal pelvic tilt, and 

a more posterior upper body tilt. Also, forward 

shift of plantar loading has been reported.

One of the study’s objectives was to examine 

how the anthropometric characteristics may influ-

ence the foot loading pattern depending on the 

phase of pregnancy. In particular, they found that 

while foot arch flattening correlated with the body 

mass in all trimesters (as mentioned above), the 

medial-lateral loading index correlated only in the 

first and second trimesters. The forefoot-rearfoot 

loading index was not influenced by the body 

mass. Waist circumference changes significantly 

influenced dynamic arch flattening but only in 

the late pregnancy (P2 and P3). In the third 

trimester of pregnancy, a small though significant 

increase in the right foot angle was also observed 

(Figure 2B). Their findings also revealed a slight 

‘asymmetrical’ adaptation of foot placement char-

acteristics in the sample of right-leg dominant 

women (greater DAI in P3 for the right foot, 

Figure 2A, and greater right foot angles, Figure 

2B). While these changes were relatively small, 

they might be functional constituting body adap-

tation to remain stable besides pregnancy-related 

anthropometric changes. Functional asymmetry 

has been defined as a consistent task discrepancy 

between the 2 lower limbs. Within the concept 

of the limb dominance, the non-dominant 

lower limb contributes more to support, while 

the dominant lower limb contributes more to 

forward propulsion. For instance, other examples 

are known of subtle but functional asymmetries 

during stepping, or when gait asymmetries, not 

evident during normal walking, appear during 

more challenging walking tasks.

Mass and Gravity: Mass gain and the 

ventrally driven center of gravity induce gait 

disturbances in a pregnant woman. Adaptations 

throughout pregnancy are recognized to provide 

36 6.22  lermagazine.com

Figure. Foot loading characteristics in the 1st (P1), 2nd (P2) and 3rd (P3) trimesters of gestation. A–dynamic arch index (mean±SD). B–foot angle (mean±SD). Upper color 
footprints in A and B illustrate examples of averaged right foot pressure distribution patterns of individual subjects in the 1st, 2nd and 3rd trimesters of gestation. 
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safety and stability. The most important features 

identified by the authors are as follows: reduced 

walking velocity as a result of lower frequency 

and smaller length of the steps, longer stance 

time, and increased stance width compensated by 

the mediolateral component of ground reaction 

force. Additionally, considering the lower limbs 

adjustments, the most affected by the continuous 

overloads in the course of pregnancy occurred to 

be a hip joint, as being closer to the body region 

with greater anatomical and morphological 

changes. As mentioned, to improve gait stability, 

pregnant women walk with a wider support base, 

which is especially visible in the third trimester. 

The base of support can be wider due to both 

increased distance between the ankles and as a 

result of a greater foot angle. In a prior longitudi-

nal study, these authors found that the angle of 

the foot tends to increase with the advancement 

of pregnancy, though changes in the foot angle 

were significant only for the right foot.

Their findings showed that individual 

anthropometric characteristics affect plantar pres-

sure distribution in pregnant women. However, 

they also revealed modifications or adaptations 

that depend on the period of pregnancy, eg, sig-

nificant correlations of MLI—the ratio of medial 

and lateral foot loading—in the first and second 

trimesters but not in late pregnancy. Plantar 

pressure distribution changes may play a role in 

improving gait stability in the stance phase. For 

instance, Mei et al suggest that flattening of the 

medial longitudinal arch can result in a decreased 

stability during pregnancy; therefore, the ob-

served increase in the foot angle on the same side 

as medial arch collapse may constitute the adap-

tation to keep gait stability despite medial arch 

collapse. This might be especially important since 

P3 is the time of pregnancy when the incidence 

of falls resulting in hospitalization is the largest 

and concerns almost 80% of pregnant women.

Compression & Edema
Saliba-Junior et al5 observed that pregnancy is a 

leading cause of varicose veins, which can lead to 

venous insufficiency and leg edema. 

In this Brazilian study published in v, they 

sought to evaluate the effect of compression 

stockings on lower limb edema in pregnant wom-

en and their perceptions of wearing them. 

This was a randomized, controlled, prospec-

tive, parallel, blinded clinical trial conducted with 

60 pregnant women randomly distributed into 2 

groups: an intervention group (n = 30) wearing 

compression stockings and a control group (n = 

30). Standardized ankle and calf measurements 

were taken of all 120 lower limbs using a tape 

measure. At the end of the study, a questionnaire 

was administered to identify perceived difficulties 

and advantages related to wearing compression 

stockings. 

Their results showed that pregnant women 

in the intervention group had a significantly 

smaller increase (P < 0.05) in calf and ankle di-

ameters compared to those in the control group. 

The mean differences from the beginning to the 

end of gestation in the diameters of the right calf, 

left calf, right ankle, and left ankle, respectively, 

were 0.30 cm, 0.30 cm, 0.15 cm, and 0.15 cm in 

the intervention group and 1.95 cm, 1.95 cm, 1.73 

cm, and 1.87 cm in the control group. Most of the 

pregnant women had no difficulty wearing the 

compression stockings and all reported that they 

felt a difference in leg symptoms and would wear 

stockings again. 

In their discussion, the authors wrote that 

the intervention group members’ perceptions of 

using compression stockings demonstrate the 

ease of use of this prophylactic and therapeutic 

measure. All of the pregnant women reported 

that they felt a difference in leg symptoms and 

that they would wear compression stockings 

again. The findings of this study are in agreement 

with a study about acceptance of compression 

stockings conducted by Allegra et al6, who found 

that leg symptoms and pain were reduced in 

pregnant women who wore compression stock-

ings. Allegra et al also observed that improve-

ment of symptoms was associated with regularity 

of wearing stockings, demonstrating the impor-

tance of wearing them continuously to improve 

the QOL of pregnant women. Saliba-Junior et 

al also noted studies that demonstrate that mul-

tiparous women are at greater risk of developing 

varicose veins over time, irrespective of weight 

gain associated with pregnancy. These changes 

are present in approximately 13% of primiparous 

women, 30% of those in their second gestation, 

and up to 57% of multiparous women. There is 

also evidence that multiparity (≥ 4 deliveries) 

constitutes a relevant risk factor for occurrence of 

venous thromboembolism during pregnancy.

In their conclusion, Saliba-Junior et al 

wrote that compression stockings were effective 

for preventing lower limb edema in pregnant 

women who had a positive perception of wear-

ing them.

Editor’s Note: All 4 of the articles excerpted here 

are available open access and readers are encour-

aged to use the doi numbers in the reference list to 

find and read them fully.
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By Mathias B. Forrester, BS

Background: There are millions of pet dogs in the 

United States (US), and thousands of people are treated 

at US hospital emergency departments (EDs) each 

year for dog leash-related injuries. The objective of this 

study was to describe dog leash-related injuries of the 

lower extremity treated at US hospital EDs.

Methods: An analysis was performed of dog leash-re-

lated injuries of the lower extremity using data from the 

National Electronic Injury Surveillance System (NEISS) 

of the US Consumer Product Safety Commission 

(CPSC) during 2000-2020.

Results: A total of 1,788 dog leash-related injuries of 

the lower extremity treated at a sample of US hospital 

EDs was identified during 2000-2020, resulting in a na-

tional estimate of 77,238 such injuries. Of the estimat-

ed injuries, 63.3% involved a trip or tangle and 29.2% a 

pull. By three-year period, 4.8% of the injuries occurred 

during 2000-2002, increasing to 27.8% during 2018-

2020. Patients age 40 years or older accounted for 

64.4% of the injuries; 76.5% were female. The most 

common injuries were strain or sprain (34.8%) and 

fracture (24.1%). The most frequently affected body 

part was the knee (33.2%), ankle (30.6%), and lower 

leg (16.6%).

Conclusions: Dog leash-related injuries of the lower 

extremity most often resulted from a trip or tangle. The 

injuries increased during the 21-year study period. 

Patients with injuries tended to be older, and the ma-

jority of patients were female. Their injuries were most 

frequently a sprain or strain and most affected the knee.

According to the American Veterinary Medical 

Association (AVMA), by year-end 2016, there 

were reported to be 76.8 million pet dogs in the 

United States (US), and 38.4% of US households 

owned a dog.1 One of the most common causes of 

dog-related injury is dog bites. Dogs bite approx-

imately 4.5 million people in the US annually,2 

and during 2005-2013, an average of 337,000 

visits to US hospital emergency departments 

(EDs) per year were for non-fatal dog bites.3

However, dogs can be a source of injury in 

ways other than bites. For instance, studies have 

described injuries due to dog-bicycle interactions 

(51% of which did not involve dog bites)4 and 

falls associated with dogs.5,6 Injuries may also oc-

cur due to dog leashes, while a person is walking 

a dog on a leash or other circumstances involving 

the leash.7,8 Thousands of dog leash-related inju-

ries are treated at US hospital EDs each year, a 

portion of which affect the lower extremity.7 The 

objective of this study was to describe dog-leash 

related injuries of the lower extremity treated at 

US hospital EDs.

Methods
This study used data downloaded from the 

National Electronic Injury Surveillance System 

(NEISS) website at https://www.cpsc.gov/cgibin/

NEISSQuery/home.aspx. The NEISS is operated 

by the US Consumer Product Safety Commission 

(CPSC). The NEISS collects data on consumer 

product-related injuries in the US from the EDs 

of a stratified random sample of 100 hospitals 

with 24-hour EDs and six or more beds selected 

from the more than 5,000 hospitals in the US. 

The random sample is stratified by hospital size, 

geographic location (so that all parts of the US 

are represented), and hospital type (general and 

pediatric hospitals). The hospital size is catego-

rized based on the annual number of ED visits 

reported by each hospital and are divided into 

four strata: small, medium, large, or very large. A 

fifth stratum is designated for pediatric hospitals. 

The CPSC recruits hospitals selected by its ran-

dom sampling criteria, and most hospitals agree 

to participate, as compensation is provided. If a 

hospital declines to participate, another hospital 

is selected from the same stratum and geograph-

ical location. Hospitals continue to participate in 

NEISS until a sample redesign reselects another 

stratified random sample. Sample redesigns take 

into consideration changes in hospital size, new 

hospitals, and hospitals that are no longer in 

operation.9-11

Professional NEISS coders view the medical 

charts at participating hospitals and, for patients 

with injuries that meet NEISS inclusion criteria, 

collect and code information such as treatment 

date; patient age, sex, and race; injury diagnosis 

and body part injured; discharge disposition; con-

sumer product(s) involved in the injury; location 

where the incident occurred; and a brief narrative 

describing the incident. The NEISS Coding 

Manual indicates that most of the fields in the 

NEISS database are numeric codes, and if a 

variable, such as patient race, is unknown or not 

documented in the medical record, it is assigned 

a code to indicate this. The reporting of cases to 

NEISS is done electronically.9,11 Data are publicly 

Dog Leash-Related Injuries of the Lower Extremity 
Treated at Hospital Emergency Departments
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Table 1. Selected characteristics of dog leash-related injuries involving the lower extremity treated in United States 
emergency departments, National Electronic Injury Surveillance System, 2000-2020

VARIABLE
NO. EST.

NO. % NO. % 95% CI

Circumstance of injury

     Trip/tangle 1,177 65.8 48,899 63.3 39,417-58,381

     Pull 472 26.4 22,590 29.2 17,539-27,641

     Other/unknown 139 7.8 5,749 7.4 3,986-7,513

Patient age (years)

     0-5 60 3.4 1,766 2.3 968-2,563

     6-12 98 5.5 3,390 4.4 2,176-4,604

     13-19 83 4.6 3,429 4.4 2,206-4,653

     20-29 194 10.9 8,653 11.2 6,264-11,041

     30-39 247 13.8 10,260 13.3 7,541-12,979

     40-49 305 17.1 13,052 16.9 9,778-16,326

     50-59 347 19.4 14,945 19.3 11,306-18,584

     60-69 243 13.6 11,407 14.8 8,457-14,357

     70-79 146 8.2 6,680 8.6 4,711-8,649

     80+ 65 3.6 3,657 4.7 2,378-4,936

Patient sex

     Male 444 24.8 18,128 23.5 13,891-22,366

     Female 1,344 75.2 59,110 76.5 48,010-70,210

Location of injury incident

     Home/mobile home 703 39.3 29,257 37.9 23,035-35,480

     Other public property 250 14.0 9,613 12.4 7,026-12,200

     Street or highway 163 9.1 7,658 9.9 5,478-9,837

     Place of recreation or sports 41 2.3 1,624 2.1 865-2,383

     School 1 0.1 64 0.1 -

     Not recorded 630 35.2 29,023 37.6 22,841-35,205

Total 1,788 77,238 63,352-91,125

No. = Number

Est. = Weighted estimate (sum of the Weight numeric field in the National Electronic Injury Surveillance System database). The numbers in the Weight field are 
not whole numbers but include decimals. As a result of rounding to whole numbers when performing analyses, the sum of the estimates for a given variable 
might not equal the total. The Consumer Product Safety Commission considers an estimate unstable and potentially unreliable when the number of records used 
is <20 or the estimate is <1,200.

95% CI = 95% confidence interval. Not calculated if the estimate is <1,200.

available and de-identified; therefore, the study is 

exempt from institutional review board approval.

Cases were dog leash-related injuries of the 

lower extremity included in the NEISS data-

base during 2000-2020. Although the NEISS 

database includes three numeric fields for coding 

the product involved in the injury (Product_1, 

Product_2, Product_3), there is no specific code 

for dog leashes. Code 1715 (Pet supplies) is not 

specific to dog leashes, and dog leash-related 

injuries may be assigned other product codes. 

Thus, in order to identify cases, the Narrative 

text field (a brief summary of the circumstanc-

es of the injury) of all records, including those 

not assigned product code 1715, was searched 

for any mention of the word “leash.” For the 

resulting subset of records, the narrative field was 

reviewed to determine whether the leash was 

described as a “dog leash” or a dog was otherwise 

mentioned. Records involving leashes for other 

types of animals or leashes not associated with 

a dog were excluded. Of the remaining records, 

those where the dog leash appeared to be directly 

involved in the injury were included in the study, 

whether or not the leash was attached to a dog, 

while records where the leash did not appear to 

be directly involved in the injury were excluded 

from the study. For instance, records that stated 

Continued on page 45
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the patient tripped over a leash, whether or not 

the leash was attached to a dog, were included 

while records that stated the patient tripped over 

a dog that just happened to be on a leash were 

excluded. Cases were included in the study only 

if either the Body_Part or Body_Part_2 numeric 

fields containing codes for a lower extremity body 

part (upper leg, knee, lower leg, ankle, foot, toe).

The variables examined were the time of 

treatment (grouped by 3-year period), patient 

age and sex, circumstance of the injury, location 

where the injury incident occurred, patient dispo-

sition, type of injury, and body part affected.

The method of the injury could be grouped 

into several broad categories:

Trip/tangle: The patient tripped over the 

leash or got caught or tangled in the leash.

Pull: The patient was holding onto the leash 

and was pulled (jerked, yanked, dragged, etc.) 

by the dog or was pulling the dog. Included were 

instances where any part of the patient’s upper 

extremity was reported to be caught or wrapped 

in the leash whether or not being pulled was 

mentioned.

Other/unknown: This includes all other 

circumstances (being hit by the leash, strangled 

by the leash, the leash breaking, etc.)

The Narrative field for each record was 

reviewed, and each record was assigned to 1 of 

these 3 categories. The NEISS Coding Manual 

indicates that the Diagnosis_2 and Body_Part_2 

fields were added in 2018,10 although these fields 

do not appear to have been used until 2019.

Analyses were performed using Office 

Professional 2007 Access and Excel (Microsoft 

Corporation, Redmond, Washington, US). The 

distribution of cases and national injury estimates 

were determined for the variables. National 

injury estimates were calculated by summing the 

values in the Weight numeric field in the publicly 

available NEISS database, and 95% confidence 

intervals (CIs) were calculated for the estimates. 

The CPSC considers an estimate unstable and 

potentially unreliable when the number of re-

cords used is <20 or the estimate is <1,200.9 For 

those variable subgroups where the estimate was 

<1,200, 95% CIs were not calculated.

Results
A total of 1,788 dog leash-related injuries of 

the lower extremity treated at a sample of US 

hospital EDs was identified during 2000-2020, 

resulting in a national estimate of 77,238 (95% 

CI 63,352–91,125) such injuries, representing 

18.0% of the total 429,256 estimated dog-leash 

related injuries of any body part.

Table 1 presents the distribution of the in-

juries by selected variables. Trips and tangles re-

sulted in approximately 65% of the leash-related 

injuries while pulls resulted in almost 30% of the 

injuries. The number of injuries increased during 

the study period. The annual injury estimate 

was 889 in 2000, increasing to 6,257 in 2019 (a 

422% increase) before declining 22% to 4,794 in 

2020. The majority of patients were age 20 years 

or older with the highest proportion of injuries 

among the 50-59 year age group. Patients age 40 

years and older accounted for 61.9% of the cases 

and 64.4% of the estimated injuries. Over 75% of 

the patients were female. Of those injuries where 

the location of the injury incident occurred was 

known, most occurred at home followed by other 

public property and a street or highway. 

Table 2 shows the distribution of injuries 

by diagnosis, body part, and disposition. The 

most frequently reported diagnoses were strain 

or sprain, fracture, and contusion or abrasion. 

The most commonly affected body parts were 

the knee, ankle, and lower leg. The majority of 

patients were treated or examined at the hospital 

and released.

Discussion
This study found that approximately 65% of dog 

leash-related injuries of the lower extremity treat-

ed at US hospital EDs were due to a trip or tangle 

with the leash while almost 30% were due to a 

pull. This pattern may be related to the mechan-

ics involved in these circumstances of injury. A 

trip or tangle is likely to directly involve the lower 

extremity, and injuries may occur as the person 

falls or attempts to break their fall. In contrast, a 

pull typically occurs while the person is holding 

onto or attached to the dog leash with their hand 

or arm. As a result, their upper extremity may 

be more likely to be injured. Pull injuries might 

affect the lower extremity as the person tries to 

maintain control of the dog or is pulled off their 

feet or dragged by the dog.

Dog leash-related injuries of the lower 

extremity increased during 2000-2020 with over 

one-quarter of the injuries treated during the 

last 3 years of the study period (2018-2020). A 

previous study of fractures in elderly adults while 

walking leashed dogs reported the estimated 

number of injuries treated at hospital EDs 

increased from 1,671 in 2004 to 4,396 in 2017.8 

The increasing trend in dog leash-related injuries 

of the upper extremity may partly be related to 

an increase in the number of pet dogs in the US. 

According to the AVMA, the rate of households 

owning dogs in the US increased from 36.1% 

in 2001 to 38.4% in 2016, and the estimated 

number of pet dogs increased from 72.1 million 

in 2006 to 76.8 million in 2016.1 However, the 

increase in the number of dogs cannot account 

for all of the increase in dog leash-related injuries 

of the lower extremity because the number of dog 

leash-related injuries in 2020 was over 4 times 

that in 2000. As a result of the health benefits 

of pet ownership, more people might be walking 

a new dog or more dogs with leashes or walking 

with dogs on leashes more often, leading to an 

increase in dog leash-related injuries. 

The majority of lower extremity injuries in-

volved adults, particularly those 40 years or older. 
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In contrast, a study of nonfatal unintentional fall 

injuries associated with dogs reported only 37% 

of the patients to be 55 years or older.5 Because 

of the physical requirements for walking dogs on 

leashes, especially if the dogs are large, it might 

be more likely for adults to walk dogs, and thus 

more likely to be at risk of leash-related injuries.

The patients also were more likely to be 

female, accounting for over 75% of all injuries 

of the lower extremity. Other studies that exam-

ined dog-related injuries treated at hospital EDs 

likewise reported most patients to be female.5,8 

It may be that females are more likely to walk 

dogs or more likely to suffer injuries while 

walking dogs.

Most dog leash-related injuries might be 

expected to occur while walking the dog. Thus, 

it might be expected that the majority of injuries 

of the lower extremity would occur away from 

home. However, the highest proportion of injuries 
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Table 2. Type and disposition of dog leash-related injury involving the lower extremity treated in United States 
emergency departments, National Electronic Injury Surveillance System, 2000-2020

VARIABLE
NO. EST.

NO. % NO. % 95% CI

Most common type of injury

     Strain or sprain 616 34.5 26,866 34.8 21,059-32,673

     Fracture 467 26.1 18,581 24.1 14,259-22,902

     Contusion or abrasion 378 21.1 17,765 23.0 13,594-21,935

     Laceration 80 4.5 3,404 4.4 2,186-4,621

     Dislocation 22 1.2 904 1.2 -

     Avulsion 15 0.8 883 1.1 -

Body part affected

     Knee 550 30.8 25,625 33.2 20,036-31,215

     Ankle 561 31.4 23,671 30.6 18,427-28,915

     Leg, lower (not including knee

     or ankle) 308 17.2 12,794 16.6 9,570-16,017

     Foot 196 11.0 8,645 11.2 6,258-11,032

     Leg, upper 104 5.8 3,574 4.6 2,315-4,833

     Toe 81 4.5 3,474 4.5 2,239-4,708

Disposition

     Treated or examined in the

     emergency department and

      released 1,617 90.4 70,659 91.5 57,773-83,545

     Treated and admitted for

     hospitalization 149 8.3 5,527 7.2 3,813-7,241

     Treated and transferred to

     another hospital 8 0.4 521 0.7 -

     Held for observation 4 0.2 115 0.1 -

     Left without being seen, left

     against medical advice 10 0.6 417 0.5 -

Total 1,788 77,238 63,352-91,125

No. = Number

Est. = Weighted estimate (sum of the Weight numeric field in the National Electronic Injury Surveillance System database). The numbers in the Weight field are 
not whole numbers but include decimals. As a result of rounding to whole numbers when performing analyses, the sum of the estimates for a given variable 
might not equal the total. The Consumer Product Safety Commission considers an estimate unstable and potentially unreliable when the number of records used 
is <20 or the estimate is <1,200.

95% CI = 95% confidence interval. Not calculated if the estimate is <1,200.

Records during 2019-2020 can have two coded diagnoses and affected body parts.
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with a known location occurred at home followed 

by other public property and a street or highway. 

The study of nonfatal unintentional fall injuries 

associated with dogs found 62% of the injuries 

occurred at home.5 That most of the injuries 

occurred at home may be due to the person being 

injured while setting out on or returning from a 

walk with the dog or while interacting with the 

dog at home or in their yard.

The most commonly reported injuries 

were strain or sprain followed by fracture and 

contusion or abrasion. In most instances, these 

types of injury might not be expected to require 

hospitalization. In fact, this study found that the 

majority of patients were treated or examined at 

the hospital ED and released. This is consistent 

with the study of nonfatal unintentional fall inju-

ries associated with dogs treated at hospital EDs 

that reported 92% of the patients were treated 

and released from the ED.5

This study does not provide data on how 

to reduce or prevent dog leash-related injuries. 

However, other sources have provided sugges-

tions. People can be informed that certain activ-

ities involving dog leashes may lead to injuries. 

Obedience training for dogs can be recommend-

ed to encourage appropriate leash behaviors 

(eg, training the dog to walk beside you, not in 

front) and reduce behaviors that may lead to 

leash injuries (eg, pulling on the leash or running 

around the walker). People can be advised not to 

wrap the leash around their fingers or hand, use 

shorter leashes, not walk the dog while riding a 

bicycle, scooter, etc., wear appropriate shoes, and 

pay attention to their surroundings.12-14

This study has limitations. Cases were 

identified by searching for “leash” in the NEISS 

Narrative field. Dog leash-related injuries where 

this term was not documented in the Narrative 

field would not be included in the investigation. 

In addition, the further selection of records to 

be included in the study and the sorting of them 

into the various circumstances of injury (trip or 

tangle, pull, other/unknown) was performed by 

a single person and based on the Narrative field, 

which contains a limited amount of informa-

tion. Errors in the selection and classification 

of records may have resulted in records being 

included or excluded erroneously or misclassified. 

Only those dog leash-related injuries of the lower 

extremity treated at EDs were included in the 

study. The number of such injuries not seen at 

EDs is unknown. Also, since the NEISS database 

is a consumer product-related injuries database, 

there may be some skepticism regarding its utility 

for analysis of dog leash-related injuries. Howev-

er, the NEISS database has been used to examine 

other dog-related injuries.4,8

In conclusion, the most common type of 

dog leash-related injuries of the lower extremity 

treated at US hospital EDs occurred due to a 

trip or tangle followed by a pull. The number of 

injuries increased during the time period studied. 

The majority of the persons who experienced 

such injuries were adults, particularly age 40 

years or older, and most were female. The 

injuries most often occurred at home. The most 

common injuries were strains or sprains followed 

by fractures and contusions or abrasions and the 

most common affected body parts were the knee, 

ankle, and lower leg. Most patients were treated 

or examined and released from the ED. 

Mathias B. Forrester, BS, is an independent 

researcher in Austin, Texas. Now retired, he previ-

ously performed public health research for various 

university and government programs for 34 years.
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By Jonathon Spanyer, Lauren A. 

Barber, Harrison Lands, Alexander 

Brown, Mary Bouxsein, Marilyn Heng, 

and Madhusudhan Yakkanti

Bisphosphonates are currently one of the most 

commonly prescribed medications to prevent 

osteoporotic fractures. Bisphosphonates are 

frequently used as first-line agents for post-

menopausal osteoporosis. Alendronate was 

first synthesized in the 1970s, and by 2006 

about 30 million prescriptions were written 

annually in the Unites States, accounting for 

nearly 15% of postmenopausal women. Be-

cause the incidence of osteoporotic fractures is 

expected to increase with the aging population, 

the prescriptions of bisphosphonates had also 

been predicted to increase. Yet with the advent 

of newer medications to treat osteoporosis, 

and with concerns about rare side effects from 

bisphosphonates such as osteonecrosis of the 

jaw and atypical femoral fractures (AFFs), a 

relative decrease in projected bisphosphonate 

utilization in the past decade has been realized.

Not limited to management of osteoporo-

sis, bisphosphonates have been used to treat a 

variety of pathologies ranging from Paget’s dis-

ease of bone to hypercalcemia of malignancy. 

Safety profiles for bisphosphonates show they 

are generally well-tolerated, but more recently 

there have been concerns about the long-term 

use of bisphosphonates. In 2005, Odvina et 

al first reported on a small number of patients 

who experienced primarily non-spinal fractures 

of the lower extremity and femur while on 

bisphosphonate therapy, with histological 

analysis showing markedly suppressed bone 

formation after prolonged bisphosphonate use. 

Subsequently, several authors have reported 

similar findings, all associated with chronic 

bisphosphonate use. In each case, the fractures 

were found to be secondary to low-energy 

mechanisms, presented with prodromal thigh 

pain, and demonstrating a prominent femoral 

cortex medial spike radiographically (Figure 

1). Bilateral AFFs have been reported in up 

to 48% of cases. Cortical thickening near the 

fracture site and delayed union after surgical 

repair have also been reported.

A taskforce committee report commis-

sioned by the American Society for Bone and 

Mineral Research (ASBMR) has established 

definitions of the emerging phenomenon to 

standardize investigations into the pathophys-

iology, epidemiology, and orthopedic clinical 

and medical management of AFFs. Numerous 

authors have reported on patients who have 

sustained AFFs, including presentations, 

treatments, duration and type of bisphospho-

nate use, and final clinical outcomes. Although 

the radiographic characteristics and potential 

risk factors for AFFs have been well-described, 

less has been reported about the health-re-

lated quality of life (HRQOL) outcomes after 

patients have undergone surgical treatment for 

their AFF.

Bisphosphonates, Atypical Femur Fractures, 
and Health-Related Quality of Life 

iStockPhoto.com #909001986 

Continued on page 53

This article has been excerpted from “Health-related quality of life outcomes after surgical treatment of atypical femur fractures: a multicenter retrospective cohort study,” by the 
authors noted above, which was published in the September 2021 issue of the Journal of Bone and Mineral Research. 2021;5(11):e10514. doi: 10.1002/jbm4.10514. Editing has 
occurred, including the renumbering of tables, and references have been removed for brevity. Use is per CC BY 4.0.
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The objective of this study was to collect 

HRQOL outcomes from patients who under-

went surgical treatment for their AFFs and 

compare them to a similar cohort who under-

went surgical treatment for diaphyseal femoral 

fractures. In this way, we aimed to determine 

the relative effect of repaired AFFs compared 

with an otherwise healthy cohort sustaining 

a similar isolated fracture on quality-of-life 

(QOL) measures.

Methods & Results
Two large trauma center databases were retro-

spectively queried for surgically treated femur 

fractures. Fractures were grouped into AFFs 

and compared to a control cohort. Controls for 

the AFF group included women with diaphyse-

al fractures without additional AFF characteris-

tics. Patients were contacted for administration 

of the Short Form36, version 2 (SF-36v2) 

Health Survey. Surveys were completed an 

average of 30.3 months (range, 6–138 months) 

and 25.5 months (range, 5–77 months) post-

operatively for the AFF and non-AFF groups, 

respectively. All patients were female, with 46 

patients in the AFF and 26 patients in the non-

AFF group. The average age of the AFF group 

was 70.1 years compared with an average 

age of 67.4 years in the non-AFF group (P = 

0.287). Over 90% (91.3%) of patients in the 

AFF group had a history of bisphosphonate use 

while 26.9% of patients in the non-AFF group 

had used bisphosphonates (P < 0.0001). 

Table 1 details the group comparisons. 

Patients with AFF reported their postoperative 

physical and mental health to be no different 

than similarly aged patients with femoral 

diaphyseal fractures, as measured by the SF-

36v2 Health Survey. These data suggest that 

mid-term patient-reported QOL outcomes are 

similar among women who sustain an AFF 

compared to a cohort of more typical femoral 

diaphyseal fractures. 

Discussion
In this study, we aimed to assess self-reported 

HRQOL outcomes in women who sustained 

atypical femur fractures compared to those 

with isolated femoral diaphyseal fractures, both 

of whom underwent surgical repair of their 

fractures. The SF-36v2 questionnaire used 

to assess an individual’s health status can be 

used to compare outcomes between groups of 

patients by type of intervention or disease. The 

questionnaire consists of 8 scales yielding 2 

summary measures: Physical Component Score 

(PCS) and Mental Component Score (MCS). 

With an average follow-up time of 2.4 years, 

both groups reported similar postoperative PCS 
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Figure 1. Representative atypical femur fracture radiograph. A 65-year-old female patient was taking 
bisphosphonates for 6 years, with 6 months of progressive prodromal thigh pain. She had seen an 
orthopedic surgeon 1 month prior to the fracture with pelvic X-rays showing no evidence of significant 
osteoarthritis at the time. Note the periosteal thickening of the lateral cortices (black and white arrows), 
noncomminuted transverse fracture, and the medial cortical spike (big arrow) that are typically seen in 
atypical femur fractures.

Continued from page 51
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and MCS.

Our finding of similar self-reported 

HRQOL between AFF and non-AFF patients 

was unexpected, given that the AFF group 

generally experienced lower-energy trauma 

(ground level fall, break while walking), com-

pared to the non-AFF group. Other authors 

have shown that high-energy trauma can 

adversely affect HRQOL outcomes in ortho-

pedic patients. However, Ko and Chang also 

reported on long-bone fractures with similar 

outcomes for overall SF-36v2 scores between 

higher-energy femoral shaft fractures and 

lower-energy isolated tibial shaft fractures after 

intramedullary nailing and subsequent implant 

removal and healing. Yet when divided into the 

survey’s domains, the PCS had a higher score 

for femoral shaft fracture patients (P = 0.002). 

Our study suggests that although generally 

lower-energy mechanisms were involved in the 

AFF group, the health effect upon the patient 

was still similar to the higher energy traumas 

in the non-AFF group. The clinical significance 

of our study is that patients with AFF may ex-

Continued from page 53

Table 1. Group Comparison
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pect similar mid-term patient-reported physical 

and mental outcomes to their higher-energy 

non-AFF counterparts.

Although our study suggests similar mid-

term outcomes between the cohorts after heal-

ing, other authors have reported higher rates of 

early postoperative complications among AFF 

patients with bisphosphonate use. A study by 

Edwards et al in 2013 reviewed data from the 

United States Food and Drug Administration 

Adverse Event Reporting System (FAERS), 

which revealed that 26% of cases of AFFs 

exhibited delayed healing or non-healing. Ad-

ditionally, Bogdan et al in 2015 reported a 12% 

failure rate as well as delayed average time to 

union after surgical repair of AFFs.

Although we realize that bisphosphonates 

remain a choice of therapy for individuals at 

high risk for fracture, the potential concern of 

AFFs has come to the attention of practitioners 

and patients, and prescriptions for bisphos-

phonates have declined in the past decade. 

However, the fracture prevention benefits of 

bisphosphonates remain, and it should be 

noted that the overall risk–benefit profile of 

bisphosphonates should be carefully consid-

ered in at-risk patient populations. The current 

study indicates that mid-term health-related 

outcomes following surgical repair of AFF are 

similar to those of surgically repaired diaphyse-

al fractures of the femur.

Conclusion
In spite of the small number of patients, to our 

knowledge, this is the first study to include 

standardized HRQOL outcomes, SF-36v2, 

for patients treated surgically for AFFs. The 

information presented will be useful to the 

practicing orthopedic surgeon and the med-

ical community, particularly with regard to 

counseling patients on mid-term postoperative 

expectations after AFFs. 

The clinical significance 
of our study is that 

patients with AFF may 
expect similar mid-term 
patient-reported physical 
and mental outcomes to 
their higher-energy non-

AFF counterparts.
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COMPEX AYRE 
COMPRESSION BOOT

The Compex Ayre Compression Boot was 

developed for physical therapists, coaches, 

and elite and recreational athletes, and is used 

for rapid recovery of aching muscles, muscle 

swelling, and vein issues. Designed to help im-

prove blood flow and circulation in the legs by 

mobilizing lactic acid, excess fluids, and other 

toxins, the compression boot uses a dynamic 

pulsing compression that starts with the feet 

and moves all the way up to the thighs for the 

duration of its use, which helps promote quick 

healing. The intermittent pneumatic com-

pression breaks up the small molecules that 

make up lactic acid and sends stimulus to the 

nervous system. The Ayre Compression Boot 

comes in 2 sizes: S/M - inseam 32" (81cm) or 

under, height = 6' (183cm) or under; and L/

XL - inseam over 32" (82cm), height = over 6' 

(184cm).

Compex

877/266-7398

compex.com

DIRK NOWITZKI 
LAUNCHES SIGNATURE 
COMPRESSION LINE BY 
BAUERFEIND
Dirk Nowitzki, a German former professional 

basketball player who spent his entire 21-year 

NBA career with the Dallas Mavericks, official-

ly launched the Dirk Nowitzki Signature Line 

by Bauerfeind at the American Medical Society 

for Sports Medicine (AMSSM) Annual Meet-

ing in April and was a special guest speaker for 

the session, Insights from Basketball Legend 

Dirk Nowitzki, a Symposium for Sports Medi-

cal Professionals.

Nowitzki has broken records, scored over 

31,000 points, and is one of the players with 

the most minutes played in the entire NBA. 

Bauerfeind partnered with the NBA legend to 

develop the exclusive Dirk Nowitzki Signature 

Line with quality compression. Exclusively 

designed for the needs of basketball players, 

the line includes the Sports Compression Knee 

Support and the Sports Compression Arm 

Sleeve. Bauerfeind’s targeted compression tech-

nology promotes blood circulation, improves 

muscle economy, and helps prevent injuries.

ADAPTTECH INSIGHT 
SYSTEM FULL PRODUCT 
RANGE

Adapttech’s flagship product, the INSIGHT 

system, has been upgraded into a full product 

range, with several new options for orthotic 

and prosthetic (O&P) professionals. This 

includes INSIGHT Sense, an affordable, porta-

ble, and standalone real-time analysis pressure 

measurement system targeted at smaller O&P 

clinics to reduce hardware costs and help 

them provide house calls to remote patients. 

INSIGHT Digitizer is a standalone digitizer for 

prosthetic sockets that creates high-resolution 

3D models and is targeted at central fabrication 

and large O&P clinic groups. INSIGHT Pro 

combines both the INSIGHT Digitizer and 

INSIGHT Sense and is targeted at larger O&P 

clinic groups, central fabrication, and research 

facilities and universities.

Adapttech

800/888-0865 (Cascade Orthopedic Supply)

adapttech.eu

METEOR MASSAGE BALL

MyoStorm’s Meteor is a recovery product 

for soft tissue and joint pain. This massage 

ball boasts 4 levels of vibration specifically 

designed to be therapeutic, a portable size and 

shape, and a heating feature, which reaches 

120 degrees. The Meteor is popular among 

everyday athletes while also becoming a staple 

for many clinicians who have used it to help 

in a range of treatments including plantar 

fasciitis, shin splints, sciatica, and more. Its 

size and shape make it perfect for targeting 

stiff muscles, knots, and general soreness after 

workouts and it’s calibrated for everyday aches 

and pains. The Meteor was created by a team 

of professional athletes, engineers, and doctors 

to be effective and versatile. Using hundreds 

of hours of research, the team designed the 

Meteor around the specific amplitudes and 

frequencies that scientific studies have shown 

to be effective at reducing pain and promoting 

muscle recovery. 

MyoStorm

sales@myostorm.com

myostorm.com
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SWIFT RAY 1

The Swift Ray 1 device wirelessly attaches to a 

smartphone camera and captures comprehen-

sive clinical data to better support assessment, 

treatment, and monitoring of skin and wound 

conditions. This advanced imaging captures 

and analyzes important physiological charac-

teristics of wounds that can indicate causes 

for concern and/or improper healing, such as 

signs of infection, bacterial colonization, tissue 

compromise, perfusion, inflammation, and 

blood oxygen levels, regardless of skin tone. 

The device works seamlessly with Swift Medi-

cal’s proprietary wound management software 

application and integrates directly into many of 

the leading electronic health records to help cli-

nicians improve clinical efficiency and ensure 

all relevant medical information is recorded in 

the patient’s chart. The Swift Ray 1 supports a 

variety of use cases, including early detection 

of deep tissue injuries, prevention of pressure 

injuries, identification of wound infections and 

inhibited wound healing, and remote physio-

logical monitoring of patients. 

Swift Medical

888/755-2565

swiftmedical.com

EXOSKELETONS WITH 
PERSONALIZE-YOUR-OWN 
SETTINGS
Exoskeletons need to interact seamlessly 

with their user, providing the right level of 

assistance at the right time to cooperate with 

muscles as the user moves. To help achieve 

this, University of Michigan researchers gave 

users direct control to customize the behavior 

of an ankle exoskeleton. Not only was the pro-

cess faster than the conventional approach, in 

which an expert would decide the settings, but 

it may have incorporated preferences an expert 

would have missed. For instance, user height 

and weight, which are commonly used metrics 

for tuning exoskeletons and robotic prostheses, 

had no effect on preferred settings.

A study participant walks on a treadmill with a tablet 
that allows them to change the timing and torque of the 
exoskeleton they are wearing. Image courtesy of Kim 
Ingraham.

Experts usually tune powered exoskele-

tons to consider the varied characteristics of 

human bodies, gait biomechanics, and user 

preferences. This can be done by analyzing 

quantifiable data to minimize energy expendi-

ture from a user, or more simply by asking the 

user to repeatedly compare between pairs of 

settings to find which feels best. However, what 

minimizes energy expenditure, may not be the 

most comfortable or useful. And asking the 

user to select between choices for numerous 

settings is time consuming and also obscures 

how those settings might interact with each 

other to affect the user experience.

By allowing the user to directly manipu-

late the settings, preferences that are difficult 

to detect or measure could be accounted for by 

the users themselves. Users could quickly and 

independently decide what features are most 

important—for example, trading off comfort, 

power, or stability, and then selecting the set-

tings to best match those preferences.

Tests have shown that when told to find 

their preference while walking on a treadmill, 

the users who had no previous experience 

with an exoskeleton were, on average, able to 

confirm their optimal settings in just under 2 

minutes. In addition, user preference changed 

over the course of the experiment. As the 

first-time users gained more experience with 

the exoskeleton, they preferred a higher level of 

assistance. And those already experienced with 

exoskeletons preferred a much greater level of 

assistance than the first-time users.

These findings could help determine how 

often an exoskeleton needs to be retuned as a 

user gains experience and supports the idea of 

incorporating direct user input into preferences 

for the best experience.

HANGER, OTTOBOCK 
REACH ENROLLMENT 
MILESTONE IN ASCENT K2 
CLINICAL TRIAL
Hanger, Inc. and Ottobock announced a critical 

enrollment milestone has been reached in 

the ASCENT K2 (ASsessing outComes with 

microprocEssor kNee uTilization in a K2 popu-

lation) clinical trial. The study began enrolling 

patients in July 2021, and has now closed 

enrollment, having met the target enrollment 

of 100 K2-level community ambulators. The 

landmark 5-year clinical trial is collecting data 

that measures potential health benefits when 

microprocessor-controlled knees (MPK) are 

integrated into the care pathway for patients 

65 and older. The enrollment milestone is 

double the size of any previous interventional 

trial assessing MPK use in K2 ambulators. The 

findings from this trial are designed to support 

new coverage policies, potentially providing 

expanded access to seniors with transfemoral 

limb loss.

The Hanger Institute for Clinical Research 

and Education and Ottobock have partnered 

with Hanger Clinic prosthetists from across 

lermagazine.com 6.22  59

NEW & NOTEWORTHY 



60 6.22  lermagazine.com

the country to accomplish this prospective 

randomized trial. As part of the study, half of 

the participants have been randomly assigned 

to have an Ottobock MPK integrated into their 

prosthesis. Specific data points being measured 

include health-related quality of life, partici-

pation in society and activities, fall rates, and 

participants’ fear of falling. Participants will 

be assessed at various points throughout the 

clinical trial, with the initial primary analysis 

occurring once all subjects have completed the 

12-month follow-up assessment. Longer-term 

follow-up will occur every 12 months for the 

duration of 5 years. 

PROPRIOCEPTIVE 
TRAINING MAT

Naboso’s textured mats are designed to im-

prove posture, balance, and strength through 

stimulation of the nervous system through skin 

on the bottom of the feet, helping to benefit 

professional athletes and those with chronic 

neurological disorders like Parkinson’s disease 

and multiple sclerosis. The 1.5mm Naboso 

Training Mat is catered toward barefoot weight 

training, kettlebell exercises, and lifting. The 

1.5mm Naboso Pro Training Mat is best used 

in professional facilities for training or rehabili-

tation. It has been used by basketball, baseball, 

and football players to enhance postural con-

trol, reduce risk of injury, and aid in a faster 

recovery after an injury.

Naboso

347/705-0702

naboso.com 

ACTIVE BUNION IMPLANT

CoLink Vallux™ Active Bunion is a new, 

minimally invasive, joint-sparing correction 

technique for moderate to severe bunions. 

Surgeons can correct joint alignment in multi-

ple dimensions while avoiding any restriction 

of the joint space and not fusing the joint at 

the midfoot. The implant, a zero-prominence 

CoLink Vallux™ plate and a choice of non-lock-

ing and variable angle locking screws, and 

guided translational osteotomy technique im-

prove on traditional open fixation approaches 

as well as newer bunion surgeries by providing 

surgeons with a simpler, faster procedure that 

can address over 90% of bunion cases. Active 

Bunion’s small incision of 1–2cm and technique 

as a whole reduces internal scarring compared 

with other bunion corrections, decreasing typ-

ical postoperative stiffness, pain, and potential 

for wound complications. The procedure can 

typically be completed in about 20 minutes, 

compared to 40–60 minutes for other more 

invasive and complex corrections.

In2Bones

844/602.6637

i2b-usa.com

FLEXIBLE PRINTABLE 
ELECTRICAL PATCHES FOR 
ACCELERATED WOUND 
HEALING
Electrical field (EF) stimulation has been 

shown to accelerate wound healing with 

limited side effects. However, the wearable EF 

stimulation devices that have been devised to 

date use bulky, inflexible electrodes, result-

ing in conformational incompatibility with 

the wound. Fabricating these electrodes also 

requires dedicated technologies.

Now, a collaborative team from the Tera-

saki Institute for Biomedical Innovation (TIBI) 

has developed a ‘smart’ flexible electric patch 

(ePatch) that addresses the challenges posed by 

existing EF stimulation wound-healing devices 

and offers many advantageous features, in ad-

dition to being easy to make and cost effective.

The team chose silver nanowires as elec-

trodes as they provide antibacterial properties 

and also deliver high conductivity under strain. 

They embedded the electrodes in alginate, 

a gelatinous substance that maintains good 

moisture levels and biocompatibility and is 

presently used in absorbent surgical dressings. 

By chemically modifying the alginate and 

adding calcium, they produced a material that 

would increase electrode stability and function. 

Further adjustment of the silver nanowire/

modified alginate ratio enabled them to obtain 

a flexible, precisely printable bio-ink, which 

would produce a patch with customizable con-

formity to various wound shapes and sizes. In 

addition, the calcium induced cell proliferation 

and migration to the wound site, which in turn 

would promote blood vessel formation.

Mechanvical tests demonstrated that the 

ePatch exhibited improved electrode stabil-

ity and conductivity, and strain tests results 

showed good tolerance, on a level needed 

for normal skin deformation. Further, tests con-

ducted on cells cultured on the ePatch showed 

that ePatches pulsed with EF stimulation ex-

hibited significantly faster cellular proliferation, 

migration, aggregation, and alignment, as well 

as an increased secretion of growth factors—

all factors that contribute to faster wound heal-

ing. The results of studies on rats with open 

wounds showed that significantly accelerated 
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wound healing results were obtained with the 

ePatch and there was also a more directional 

healing process, resulting in minimal scarring, 

deposition of normal skin layers, and hair 

growth following wound closure. Other exper-

iments confirmed the antibacterial properties 

of the silver nanowire electrodes, independent 

of the amount of EF stimulation applied. Still 

other experiments found that the silicone 

component of the ePatch provided an effective, 

non-stick surface for cells, which helps mini-

mize skin damage and excessive scarring.

X-COLLECTION 
PROSTHETIC COVERS

UNYQ has released a prosthetic cover that 

can be stocked up and fitted in a single visit. 

X-Collection covers are now available for 

OttoBock C-Leg4 and 3R80 models, with more 

to come. Available from UNYQ partner clinics 

around the world, the covers bring durability 

and protection to lower limb amputees who 

want to keep their prostheses safe but are not 

prepared to compromise on quality and stylish 

design. The U Design, with a black gloss finish, 

appeals as a timeless classic that’s both elegant 

and contemporary. With minimum cutting to 

suit the end user, carried out by the clinician, 

X-Collection covers provide a suitable solution 

for the prosthetic leg user who is not looking 

for a full custom cover but wants to have the 

certainty of protection on their knee, as well as 

enjoying the benefits of better fitting clothes.

UNYQ

866/286-9773

unyq.com

FUELMEFOOT LOW-CUT 
COMPRESSION SOCKS

Fuelmefoot’s low-cut compression socks are de-

signed to provide the support needed to relieve 

heel, ankle, and foot pain. The socks are fabri-

cated using breathable, moisture-wicking fibers 

to keep feet dry. The reinforced heel and toe 

are designed for extra durability and comfort 

in high-wear areas. The hand-linked, seamless 

toe provides seam-free comfort. Targeted arch 

compression helps reduce foot fatigue and keep 

the socks from slipping down. The Y-stitch heel 

ensures a perfect fit with an extra-deep heel 

pocket, keeping the heel stable and secure. 

The socks are available in 2 sizes: S/M and L/

XL. This product is great for people who sit or 

stand for long periods of time, runners, nurses, 

the elderly, travelers, pregnant women, and 

more.

Fuelmefoot

fuelmefoot.com

WEBSITE FOR GAIT 
STRATEGIES FOR 
PARKINSON’S PATIENTS 
LAUNCHED
Radboud University Medical Center, Nijmegen, 

Netherlands, launched a platform for people 

with Parkinson’s Disease. It contains 7 gait 

strategies that can help Parkinson’s patients 

with walking. The website has been developed 

for patients, their loved ones, and Parkinson’s 

healthcare providers. It is dedicated to the 

creative ways to improve gait.

The platform offers a video overview of 

the known gait strategies, including back-

ground information. In addition, individuals 

have the opportunity to contribute to this 

overview by sending in videos of their own 

successful strategies. In this way, this website 

forms an interactive platform where people 

with Parkinson’s disease and healthcare profes-

sionals can learn from each other.

Among the strategies discussed on the 

website are: Changing the Balance Require-

ments, Adopting a New Gait, Internal Cues, 

and External Cues. Also available is a down-

loadable poster with illustrations of 55 different 

strategies used by people with Parkinson’s to 

improve their walking.

To access the website, visit  

www.radboudumc.nl/en/patientenzorg/

aandoeningen/ziekte-van-parkinson/walking-

with-parkinson.
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The LAST WORD THE LAST
WORD

Source: Nieman DC, Gillitt ND, Henson DA, et al. Bananas as an energy source during exercise: a metabolomics approach. PLoS 
ONE. 2012;7(5):e37479. https://doi.org/10.1371/journal.pone.0037479 and Nieman DC, Gillitt ND, Sha W, Esposito D, Rama-
moorthy S. Metabolic recovery from heavy exertion following banana compared to sugar beverage or water only ingestion: A ran-
domized, crossover trial. PLoS One. 2018 Mar 22;13(3):e0194843. https://doi.org/10.1371/journal.pone.0194843. 

THE BANANA IS THE #1 FRUIT FOR ATHLETES. WHAT DOES THE 
SCIENCE SAY ABOUT IT?
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