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care model we encounter obstacles in the 
way of smoothly transitioning care in refer-
ral follow through, lack of a cohesive plan, 
specialty jargon, time elapsed between 
patient visits, ethnocentricity among disci-
plines, and uncertainty in the patient’s mind 
regarding how to reconcile, prioritize, and 
implement all of the information from the 
various professionals on their care team. 
Add to these impediments the burdens of 
insurance referrals and establishing “medi-
cal necessity.”

My dream scenario of an insur-
ance-free cooperative care scheme goes 
something like this: A patient with multifocal 
musculoskeletal problems involving the 
kinetic chain has a specific chief complaint 
of joint pain in the rear foot, medial ankle, 
knee, hip and low back. The care team in-
cludes a physical therapist, podiatrist, chiro-
practor, orthopedic surgeon, and exercise 
physiologist. Medical history is obtained, 
followed by an appropriate multifocal re-
view of systems and physical exam. Each 
member of the care team benefits from 
questions asked by other members, leading 
to fresh lines of inquiry based on newly un-
covered subjective knowledge and objec-
tive findings. Together, the team agrees on 
additional testing and imaging, such as radi-
ography, magnetic resonance imaging, di-
agnostic ultrasonography, computer-aided 
gait analysis, and laboratory studies. Waiting 
for the test results, the team discusses 
the possible diagnosis and formulates an 
interim care plan. The team reconvenes 
to discuss test results, evaluate the interim 
plan, and agree on a long-term care plan. 
The patient can follow up as needed with 
the clinician most directly associated with 
the patient’s chief complaint. 

Perhaps soon, we will realize a care 
model that will work for all who need care. 
Stay tuned.

Jay Segel, DPM, is in private podiatry prac-
tice, Martha’s Vineyard, Massachusetts, and 
is Director of Applied Podiatric Biomechan-
ics at Noraxon USA, as well as a podiatric 
advisor and member of the medical educa-
tion staff at Orthotic Holdings Inc. 

One solution
A way forward to making quality medical 
care available to more people in need is, 
in my opinion, achievable by, 1) reducing 
costs by eliminating redundancy, overreg-
ulation, and bureaucratic red tape, and 2) 
making greater use of low-cost tele-triage 
systems. Such systems might be staffed 
by retired physicians and other clinicians. 
In such a system, patients seek advice 
sooner, obtain an opinion on the severity of 
the problem, and the patient is directed to 
skilled care. Such a tele-triage system could 
relieve the burden on face-to-face care, and 
help patients overcome the inclination to 
wait until minor problems progress to more 
complex issues before seeking help—this 
might help improve outcomes and reduce 
health care costs. 

 I’ve been exploring the concept of 
truly cooperative medicine; put simply, 
insurance-free, fee-for-service, live, mul-
tidisciplinary, patient-focused evaluation 
and management. This structure might 
also be performed in the setting of health 
insurance, but interdisciplinary diagnosis 
and treatment is sufficiently complicated 
without it. Further, by eliminating the 
insurance-driven administrative bureau-
cratic costs such as claims creation, claim 
submission, third-party billing companies, 
collection agencies and professional liability 
safeguards, we could reduce the cost of 
healthcare that can pass on to the patient.

Consider the treatment of neuromus-
cular and musculoskeletal disorders, which 
can be complex and often require a mul-
tidisciplinary approach. Under the current 

In my podiatric practice, I have found that 
health insurance can impede patient care, 
by adding layers of complication and bur-
den to all involved, particularly the patient 
and the provider. Private-sector insurance 
companies have profits to make, buildings 
to build, shareholders to satisfy, and over-
head costs to pay. Government-run plans 
have costs, exclusionary policies, bureau-
cratic oversight, and a changing landscape 
as administrations change. Subsidized 
insurance plans often are associated with 
seemingly unreasonable regulations, nar-
row coverage, burdensome documentation 
requirements, and are, in my opinion, com-
plicated by policies written by bureaucrats 
who might never have seen a patient. In my 
experience, health insurance often stands in 
the way of a doctor doing his (her) job rea-
sonably, compassionately, and efficiently.

The concept of insurance originated 
from the needs of the shipping industry, to 
pool risk in the transport of goods. People, 
however, are not goods, and patient care 
risk cannot be pooled without compromis-
ing treatment for some (perhaps many) 
through delays and rationing care. Further, 
health insurance requires healthier people 
-- often young people who are just starting 
out and living paycheck-to -paycheck -- to 
shoulder a large portion of the burden. Yet 
most of us fear going without it. 

By Jay Segel, DPM

GUEST Editorial
In a perfect world, no one  
would need health insurance

I propose making quality medical 
care available to more people in 
need by eliminating redundancy, 
overregulation, and bureaucratic 
red tape to reduce costs and 
making greater use of low-cost 
teletriage systems.
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Wearable sensors assess relation-
ship between foot problems and 
frailty 
Assessing how foot problems— namely, pain, neuropathy, and 
deformity— contribute to frailty syndrome has been a challenge 
for researchers, as transporting frail elders to lab facilities creates 
its own set of issues. But a recent study from the University of 
Arizona used wearable sensors to assess the seniors in their “nat-
ural” environment and found significant relationships between the 
number of foot problems and degree of frailty. 
 In the study, 128 participants ≥65 years of age, were 
assessed for foot pain, neuropathy, and deformities. Using 
self-reported pain measures, researchers identified 2 groups: par-
ticipants with a score of >4 for moderate-to-severe pain and those 
with a score of ≤4 for absent-to-no pain. Presence of neuropathy 
was determined by inability to perceive touch or vibration using 
standardized tests. Presence of deformity, including bunion, ham-
mertoe, and flatfoot, was determined after visual foot inspection 
of both feet; categorization was based on presence of 1 condition 
on either foot. Of 117 participants in the analysis set:
•	 19% had moderate-to-severe foot pain
•	 42% had neuropathy
•	 51% had at least 1 deformity
•	 77% had foot pain, neuropathy, or a deformity, with 26% 

having 2 or more problems

Figure. Frailty and falls by foot pain, peripheral neuropathy, and foot deformity com-
pared to no foot problem in 117 older adults.

iStockphoto.com 891038756

 Frailty was assessed using 5 measures (weight loss, weak-
ness, walking speed, exhaustion, and low energy expenditure) 
and an algorithm was created to categorize participants into 3 
groups: nonfrail (35%), prefrail (48%), and frail (20%). Participants 
self-reported falls in the previous 6 months and kept a fall diary 
during the 6 months of the study. In-home assessments were 
conducted using 5 small inertial sensors attached above the an-
kles and knees and at the lower back to assess balance, gait, and 
physical activity. 
 There were significant differences in age, use of a cane or 
walker, and Falls Efficacy Scale score for participants with a foot 
problem. Although most of the participants were women, there 
were no significant differences in who had a foot problem based 
on sex, race or ethnicity, body-mass index category, percentage 
of body fat, or percentage of muscle. The authors did observe a 
significant trend of increasing foot pain with increasing body-mass 
index (P=.048); they also noted that those with foot pain had a 
significantly higher mean percentage of body fat. 
 Compared to the nonfrail group, the prefrail group had a 
2-fold increase in odds of having a foot problem; for the frail 
group, the increase was several-fold and achieved statistical sig-
nificance for having 2 or more foot problems, foot pain, and pe-
ripheral neuropathy. Weakness and exhaustion both had an odds 
ratio of ≥4. 

From the LITERATURE
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By Janice Radak

Continued on page 12



 As might be expected, concerns about falling increased with 
having a foot problem, particularly for those with foot pain, neu-
ropathy, foot deformity, or 2 or more foot problems. Interestingly, 
38% of participants reported a fall during the study period. 
 Compared to the group with no foot problems, sensor read-
ings revealed significantly lower gait speed, shorter stride length, 
and longer time in double support for participants with foot pain, 
neuropathy, or 2 or more foot problems. 
 According to the authors, their findings reveal a need to as-
sess community-dwelling older patients for specific foot problems 
and use interventions that support strength, power, balance, and 
function to prevent deconditioning that can lead to frailty. 
Source:
Muchna A, Najafi B, Wendel CS, Schwenk M, Armstrong DG, Mohler J. Foot 
problems in older adults. Associations with incident falls, frailty syndrome, and 
sensor-derived gait, balance, and physical activity measures. J Amer Podiatr Med 
Assoc. 2018;108(2):126-139.

Three-year follow-up: Close contact 
casting vs surgery 
In a pre-specified, 3-year extension of a randomized clinical trial 
of equivalence, close-contact casting maintained equivalence in 
function compared to surgery in older adults with unstable ankle 
fracture. Furthermore, no significant differences were reported 
in quality of life or pain. The authors concluded that the focus of 
treatment for these patients should be on obtaining and main-
taining reduction until union, using the most conservative means 
possible.

SF-12, 12-item Short Form Health Survey. 
aScales for all 3 measures: Range: 0 to 100; higher scores indicate better function. 
bNumber of responders at 6 months: surgery group = 226; casting group = 224. 
c Number of responders at 3 years: surgery group = Olerud-Molander Ankle Score, 
220; SF-12 mental score, 204; SF-12 physical score, 204; casting group = 
Olerud-Molander Ankle Score, 203; SF-12 mental score, 190; SF-12 physical 
score, 190. 

Source:
Keene DJ, Lamb SE, Mistry D, et al. Three-Year Follow-up of a Trial of Close Con-
tact Casting vs Surgery for Initial Treatment of Unstable Ankle Fractures in Older 
Adults. JAMA. 319(12):1274-1276.

Lower-extremity amputation 
feared more than death 
Both type 1 and type 2 diabetes are known for their life-threaten-
ing complications—in particular, blindness from retinopathy, kid-
ney failure, and peripheral neuropathy. For patients with diabetes 
and foot pathology, amputation is a significant worry. A recent 
study in Foot & Ankle Specialist sought to understand just how 
much this population fears lower-extremity amputation (LEA). 
 The study enrolled 461 patients; the control group (n=254) 
had non-diabetes-related foot complications; the study group 
(n=207) had diabetic foot pathology (including 61 [32%] with 
diabetic foot ulcer, Charcot neuropathy, foot infection, or acute 
neuropathic fractures and dislocations). 
 Researchers found no significant differences between the 2 
groups related to fear of blindness, diabetic foot infection, or kid-
ney failure needing dialysis. When compared to those without di-
abetic foot problems, the authors found that the 32% of the study 
group with identified diabetic foot disease were 136% more likely 
to rate LEA as their greatest fear and that 49% were less likely to 
rate death as their greatest fear. In their conclusion, the authors 
noted that the presence of a diabetic foot-related complication, 
having diabetes for more than 10 years, use of insulin, and having 
peripheral neuropathy were all variables that subjects associated 
with identifying LEA as the greatest fear. 
 
Source:
Wukich DK, Raspovic KM, Suder NC. Patients with diabetic foot disease fear major 
lower extremity amputation more than death. Foot Ankle Spec. 2018;11(1):17-21.
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Wasp stings: Some really do hurt 
more than others, and how to 
counsel patients 
As summer approaches and we become more active out-
doors, wasps will become more active, too. Two recent stud-
ies highlight the pain and danger of the ubiquitous wasp. 
 The first study, from entomologists at the University of 
Utah, looked at stinger length compared to reported pain and 
toxicity.1 Pain from the wasp sting comes from 2 sources: 
venom (typically measured by LD50, a measure of lethality) 
and puncture wound. Wasp venom, they report, varies in 
toxicity from 0.25 mg/kg to 71 mg/kg, depending on the 
species. The venom, which can be alkaloid or proteinaceous, 
is a chemical cocktail that breaks down cell membranes, con-
stricts blood vessels to reduce blood flow and increase blood 
pressure, and stimulates pain nerves as well as the histamine 
response. 
 As for the second 
cause of pain—the 
mechanical dam-
age caused by the 
stinger—researchers 
found a significant 
positive relationship 
between the meso-
somal, or midbody, 
length and stinger 
length (P<.0001), 
and between overall stinger length and pain (P< .001), which 
is consistent with other reports that larger wasps do indeed 
produce a more painful sting. Interestingly, there was no sig-
nificant relationship between venom lethality and pain. 
 The second study,2 from Stanford University’s Depart-
ment of Surgery, reviewed mortality data from the US Centers 
for Disease Control and Prevention related to nonvenomous 
and venomous animals for 2008 through 2015. While most 

iStockphoto.com 479476139
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deaths were related to injury caused by larger animals (e.g., 
horses, cows), nearly 30% were caused by stings from wasps, 
hornets, and bees—numbers that have been consistent for the 
past 20 years.
 For the average patient presenting in the office, swelling 
and pain caused by a wasp sting should peak at 48 hours, but 
may continue for a week and affect the entire limb. Clinical 
evaluation should include checking for the stinger and remov-
ing it, and assessing upper and lower airways.3 Suggested 
treatments for pain, burning, and itching include ice, an anti-
histamine, and a nonsteroidal anti-inflammatory drug. Patients  
with a known allergic reactivity to insect sting  should be en-
couraged to carry a syringe prefilled with epinephrine. 
 If swelling and erythema begin 24 to 48 hours after the 
sting, pain is increasing, and there are other signs of systemic 
infection (e.g., chills and fever), however, consider the rare 
case of secondary bacterial cellulitis.3

•	 Wasps can sting more than once.

•	 There are 800+ species of social wasps who  
create nests.

•	 Wasps beat their wings 117 to 247 beats per second, 
depending on their size.

•	 For more detailed information about stings of all 
types, search on the Internet for “Schmidt Pain 
Index,” which is how one entomologist assessed and 
compared the pain of more than 30 different insect 
stings he experienced during his work.

Sources:
1. Sadler EA, Pitts JP, Wilson JS. Stinging wasps (Hymenoptera: Aculeata), 
which species have the longest sting? PeerJ. 2018;6:e4743.
2. Forrester JA, Weiser TG Forrester JD. An update on fatalities due to venom-
ous and nonvenomous animals in the United States (2008-2015). Wilderness 
Environ Med. 2018;29(1):36-44.
3. Barish RA, Arnold T. Insect stings. In: Merck Manual: Professional Version. 
Kenilworth, NJ: Merck Sharp & Dohme Corp. 2018. www.merckmanuals.
com/professional/injuries-poisoning/bites-and-stings/insect-stings. Accessed 
June 20, 2018.



Flip flops, bare feet, or sports 
shoes: Which are best and which 
are worst? 
Many have long suspected the answer, but a new study would ap-
pear to resolve the question: Are flip flops really that bad for your 
feet? According to Chen and colleagues from the Department of 
Biomedical Engineering at The Hong Kong Polytechnic University, 
flip flops are most likely no better than barefoot when it comes to 
lower-limb co-contraction and joint contact force in the ankle. The 
authors had hypothesized that the popular rubber footwear would 
increase co-contraction of the muscles between the knee and 
ankle joints in what they thought was a compensatory mechanism 
for the unstable foot–sole interface and would affect gait kinemat-
ics and kinetics.
 In the study, the researchers had 10 healthy males perform 
6 walking trials under 3 conditions: barefoot, sports shoes, and 
thong-type flip flops. Participants, who reported they were not 
“regular flip flop wearers,” were fitted with numerous markers that 
were monitored while they walked on a 10-meter pathway. The 
study looked at several muscle pairings that stabilize the knee, 
ankle, and subtalar joints, including vastus lateralis and gastrocne-
mius medialis; vastus lateralis and biceps femoris; and peroneus 
longus and tibialis anterior.

Figure. Footwear used in the experiment by Chen et al.

 In pairwise comparisons, the walking velocity of flip flops was 
lower than that of sports shoes (p<0.01) but comparable to bare-
foot (p>0.05), findings that were consistent with the published 
literature. Although not significant, the minimalist footwear pro-
duced a slower cadence and shortened stance phase in walking 
trials compared to the other 2 types of footwear. Joint kinematics 
differed significantly in the ankle joint (F[2,18]=6.73, P<.05) and 
subtalar joint (F[2,18]=4.45; P<.05); Furthermore, ankle and 
subtalar range of motion was higher for flip flops than for sports 
shoes. However, co-contraction was not enhanced. The authors 
propose that walking speed does not need to be consistent for 
real-world activities and the slower speed could be a natural ap-
proach to avoid injury.
 The authors conclude that the slowed walking speed of flip 
flop users could account for the comparable joint biomechanics 
between flip flop use and barefoot. They note, however, that, for 
injury prevention, the closed-toe design of the sports shoe would 
provide better support for joint motion and loading compared to 
the other 2 options. 

Source:
Chen TL, Wong DW, Xu Z, Tan Q, Wang Y, Luximon A, Zhang M. Lower limb mus-
cle co-contraction and joint loading of flip-flops walking in male wearers. PLoS 
One. 2018;13(3):e0193653. 

Turning flip flop pollution 
into art  
For 3 billion people, flip flops are their only footwear. 
Once flip flops are no longer wearable, however, they 
are discarded into landfills or thrown into waterways, 
where they create pollution. Several groups are now 
organizing artisans to create art from the recyclable ma-
terial of flip flops. Check out their artwork below and at 
oceansole.co.ke/

Artwork compliments of Ocean Sole in Nairobi, Kenya.
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LER Perspectives
Multidisciplinary views of common clinical situations

Multidisciplinary views of chronic foot, ankle, 
and knee-related conditions that curtail activity 
in otherwise healthy adults

Editor’s note
Welcome to this first installment of a series for the readers 
of Lower Extremity Review: LER Perspectives. This planned, 
occasional series is designed to provide multidisciplinary 
voices to both common and uncommon conditions seen in 
clinical practice by podiatrists, orthotists and prosthetists, 
physical therapists, and other clinicians who care for 
patients with a lower extremity concern. 

The goal of the series is to provide a forum for clinicians 
from an array of specialties to offer perspective on a clinical 
question or issue. 

In this LER Perspective, we asked clinicians in daily 
practice to identify their most commonly seen foot and 
ankle and knee conditions that cause previously healthy 
and active adults to curtail activity. Dr Jay Segel offers 
the podiatric perspective, Mr Ken Johnson provides the 
physical therapy perspective, and Dr Kim Ross provides the 
chiropractic perspective.

Please write to LER with your suggestions for topics that 
should be covered in a future installment.
--The Editors

you, it leads to a downward spiral of limited activity that translates 
to fewer walks on the beach–or anywhere else for that matter.

LER: What are the risk factors for developing hallux rigidus?
JS: Although a metabolic disease such as gout can be the pri-
mary cause of hallux limitus/rigidus, it is most often associated 
with joint wear and tear from repetitive microtrauma, and from 
macrotraumatic events, such as direct impact, crushing injury, or 
status post local surgical intervention. Poorly fitting shoes that pro-
vide inadequate length, width, and depth are prime contributors, 
as are overuse and rigid foot. Clinically, I find it is the walking bio-
mechanics that drives this condition to worsen. 

Sports that put extra stress on the first metatarsophalangeal 
joint, such as football, basketball, and soccer, and sports that 
require squatting, such as the catcher’s position in baseball, also 
can set the stage for injury.
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LER:  What does the patient experience with this condition?
JS: Hallux rigidus is typically not even on the patient’s radar or 
treated until early symptoms turn into debilitating pain and frank 
observable bone deformation, yet it is easily discoverable on 
physical exam. Patients will often present with localized stiffness 
and sharp pain on ambulation, reproducible on dorsiflexion. A 
foot lacking available motion to perform propulsion results in gait 
alteration, both spatial and temporal. This can be seen clearly on 
computer-aided gait analysis, which will demonstrate early toe-off, 
shortened step length, excessive pronation, and foot abduction to 
avoid extension of that compromised joint. 
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PERSPECTIVE: Podiatry
By Jay Segel, DPM

Dr. Segel is in private podiatry practice in Martha’s Vineyard, Mas-
sachusetts, and Director of Applied Podiatric Biomechanics at 
Noraxon USA. He is also a podiatric advisor and member of the 
medical education staff at Orthotic Holdings Inc.

LER: Dr Segel, what is the most common problem you see in 
patients who were previously active but who have had to curtail 
activity.
JS: The most common foot issues I see clinically are hallux 
limitus, and the more advanced stage of this disorder, hallux 
rigidus. This progressive biomechanical deformity of the fore-
foot is characterized by a decreased range of motion at the first 
metatarsophalangeal joint, often accompanied by flattening of the 
metatarsal head and arthritic, osteophytic lipping about the nar-
rowed joint space, which is seen best on radiography. 

I describe the first metatarsophalangeal joint as the quali-
ty-of-life joint, because although a compromised joint won’t kill 



LER:  What is your approach to confirming the diagnosis?
JS: The diagnosis is typically obvious on visualization and palpa-
tion. The optimal range of motion for fluid movement is 45° of 
dorsiflexion according to Physiopedia though there is debate on 
normative values. Clinically, I see gait affected with less than 30° 
of upward motion. The Coughlin and Shurnas grading system 
suggests that the dividing line between hallux limitus and rigidus 
is greater or less than 10° of dorsiflexion, respectively.  Hallux 
rigidus also shows a marked decrease in plantar flexion as well. 

LER: What is your approach to treatment?
JS: In my practice I am able to visualize the compromised joint 
in motion via diagnostic ultrasound, and using this modality, I 
distract the joint with pressure just a bit beyond resistance, then 
dorsiflex the first metatarsophalangeal joint to ascertain whether 
the joint is likely to respond to rehabilitation. The science behind 
the program is taken from the principal that 2 bones in space 
have no reason to interact but for the integument that contains 
them and the several forms of connective tissue that make those 
2 bones a workable unit. We know that soft tissue has elasticity, 
and we can use the natural makeup of tendons and ligaments to 
expand and loosen, increasing range of motion and functionality 
while relieving pain and problematic gait accommodation. It is 
fair to note that the prognosis, with treatment, is better for hallux 
limitus than hallux rigidus, as early diagnosis and treatment usu-
ally yield better results. 

Over the past 35 years, I have had great success applying a 
conservative protocol for treatment of arthritic hallux disorders: 
•	 counseling the patient to use footwear of ample length, 

width, toe box depth, and minimal heel raise

•	 use of orthoses, based on physical examination and 
computer-aided gait analysis data

•	 use of topical analgesic as needed

•	 weekly physical therapy, including ultrasound therapy, 
manual therapy, joint mobilization, distraction, and light 
percussion

•	 home exercise, including toe extensions, towel pick-ups, 
and painting the alphabet in water with each foot.

Surgical intervention should be considered if no meaningful 
improvement is realized after 9 months to 1 year of conserva-
tive therapy.  Surgical procedures often include cheilectomy, 
implants and fusion. Cheilectomy appears to be the first choice 
surgical procedure and in the early stages of disease has an 
approximately 87% initial success rate, with about a 9% revi-
sion rate, perhaps leading to joint fusion as a salvage procedure 
when cheilectomy fails.  These success rates decrease and revi-
sion rates increase with stage four conditions and over time. The 
success rates with this conservative therapy program are better 
than 93% and outweigh, in my opinion, the risks of surgery, pre- 
and postoperative testing and rehabilitation, and joint and tissue 
assault after iatrogenic trauma. What is really rewarding is that 
patients exhibit increased functionality from the very first treat-
ment, with results lasting longer as treatment series progresses. 
I find I get great compliance and patient response.

PERSPECTIVE: Physical Therapy
By Ken Johnson, PT

Mr. Johnson is director of outpatient rehabilitation therapy services 
at Johns Hopkins Rehabilitation Network in Baltimore, Maryland. 
He has disclosed no relevant relationships.
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LER: What is the most common cause of chronic foot, ankle, or 
knee symptoms that you see in your physical therapy practice? 
KJ: Because the patient population in my practice as a physical 
therapist at the Johns Hopkins Rehabilitation Network is com-
prised mainly of professional and elite athletes as well as recre-
ational runners, we see many patients with chronic overuse types 
of injuries, such as Achilles tendinopathies, heel pain, and stress 
reactions. Interspersed with these overuse or patho-mechanical 
types of injuries are more acute, traumatic conditions such as 
ligamentous strains, fractures, and post-operative reconstructive 
surgery. For this discussion, I will focus primarily on the chronic 
aches and pains that affect a person’s mobility and activities of 
daily (and desired) living.
 Because these chronic pathologies are typically multifactorial 
in nature, identifying a solitary solution for correction is often a 
challenge. While our team at Johns Hopkins uses well-established 
evidence-based clinical practice guidelines for the evaluation and 
treatment of lower limb pathologies, we are excited about the de-
velopment of new strategies to enhance evaluations and optimize 
the soft-tissue healing and recovery process.

LER: What tests do you perform? 
KJ:Our testing battery is performed over 2 days. During the first 
visit, our physical therapist will focus on the self-reported func-
tional measures such as the functional ankle ability measure, 
ambulatory measure of post-acute care, and lower-extremity 
functional scale. These tools involve a series of specific questions 
related to pain, function, and disability in an effort to establish an 
objective baseline from which we measure progress and detect-
able change.
 Following the patient’s history and a review of systems, we 
conduct a standard musculoskeletal evaluation of foot posture, 
structural integrity of foot, joint mobility, observational gait and 
balance, and strength. For strength testing, in addition to tradi-
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tional manual muscle testing, we use a hand-held dynamometer 
and focus on muscles of the hip that stabilize the lower limb 
during activity. 

LER: What computerized tests do you employ? 
KJ: We focus our computerized testing on hip abductor, rotator, 
and extensor muscle groups because these are used for stability 
and locomotion. Recent research suggests that manual muscle 
testing may not accurately represent strength differences. In one 
study, master clinicians were unable to detect right-left strength 
differences greater than 30% with their hands. Therefore, the 
dynamometer we use allows us to calculate a “body relative” 
measure. If a subject weighing 100 lb generates 50 lb of force at 
the hip, we would say that hip strength is 50% of body weight; an 
ideal target percentage. However, if that same person weighed 
200 lb, we would say that hip is 25% of their body weight, which 
is 50% below our target value and in need of strengthening. 
 Isolated muscle testing evaluates strength, but another ap-
proach is functional testing of movement patterning. For example, 
repetitions of heel raises with the knee straight and then bent, 
observation of deep squatting, single-leg step-down, and in-line 
lunge. Often the use of appropriate standardized test protocols, 
such as the functional movement screen, selective function move-
ment assessment, original strength screen and assessment, or 
Y-balance test, are critical tests in the active patient. 
 The second part of our evaluation involves an instrumented 
gait analysis with high-speed motion capture. The treadmill has 
7,000 sensors in the deck of the treadmill and achieves 18 mph. 
The motion analysis system captures the running motion at 120 
frames per second, using a colored-LED tracking system that re-
cords and displays body and limb segment motions in real time. 
From the motion capture, we analyze an additional 30 dependent 
measures.
 I find during this time that patients who participated in phys-
ical therapy elsewhere will notice our distinctly different prob-
lem-solving techniques.

LER: What are the key indicators from computerized tests?
KJ: Key indicators from the instrumented treadmill that we look 
for in runners include:
•	 foot rotational position at mid-stance

•	 step symmetry

•	 cadence

•	 time in stance

•	 center of pressure tracking

•	 rearfoot/midfoot/forefoot force and pressure. 

High-speed motion capture recording body position and move-
ment also reveals heel distance from center of mass and tibia 
angle relative to ground at initial contact; trunk position, hip-knee 
angle ratios, and ankle dorsiflexion angle at mid-stance; hip, knee, 
ankle extension angles at terminal stance; and vertical displace-
ment.

LER: How do you use all this information to manage the patient’s 
condition?
KJ: A lot of information from the comprehensive assessment 
feeds directly to our management strategy. Using a relatively stan-
dardized testing sequence helps identify outlier patterns such as 

below-target hip strength, asymmetry, low-scoring function move-
ment assessment, cadence below 170 steps per minute, etc. 

Early in my career, I took a very biomechanical, manual ther-
apy, and exercise-based approach. With the emergence of 
anti-gravity treadmills, we began to reintroduce running sooner 
because we could offload body weight by as much as 80%. 

Over time I learned that no matter how complete the physical 
exam, how flexible and friendly we were with scheduling, or how 
dazzled patients were with sophisticated gait analysis, clients 
would still cancel appointments, fail to perform corrective exer-
cises, or disengage from therapy all together. The fix often is not 
fast enough, and only a minority of patients possess the discipline 
to carry on for the 6-8 weeks required to increase strength. Pa-
tients are not seeking to correct poor mechanics; they seek a 
solution to the pain that limits their daily and recreational activi-
ties. 

Today, in addition to a corrective exercise program and manual 
therapy, we aim to manage the healing transition from inflam-
mation and pain to proliferation and remodeling. We do this by 
introducing different forms of mechanotransduction such as in-
strument-assisted soft tissue mobilization and myofascial acoustic 
compression therapy, followed by a negative pressure deconges-
tion of the fascia and lymphatic system with mechanically assisted 
manual lymphatic drainage. After facilitating an increase in blood 
flow to the treatment area and clearing the lymphatic drainage 
pathway, photo-biostimulation with a super-pulsed laser produces 
a photochemical reaction resulting in increased release of ATP 
within the cell to accelerate proliferation for a 24 to 48-hour pe-
riod following treatment.

This combination of technology and technique sequencing re-
sults in a therapeutic foundation that may be treated with dynamic 
taping techniques, rigid strapping, and/or orthoses as appropriate. 
This approach of course requires incremental steps of patient ed-
ucation and reflection to allow the patient to relate every aspect 
of treatment and subsequent progress to the baseline assessment 
and behaviors, mechanics, or environmental factors that led to the 
initial breakdown. 

Even a systematic advanced approach is not a guarantee for 
success, but the framework facilitates the dialogue between the 
physical therapist, physician, surgeon, or podiatrist to ensure the 
patient is at the center of our care plan.

PERSPECTIVE: Chiropractic Medicine
By J. Kim Ross, DC, PhD

Dr. Ross is Director of Education Year 1, and associate professor 

at Canadian Memorial Chiropractic College, in Toronto, Ontario, 

Canada. He conducts educational sessions on behalf of Orthotic 

Holdings Inc.

LER: Dr Ross, what problem do you see most commonly in chiro-
practic medicine among previously active patients who have had 
to curtail activity because of pain?
JKR: The most common condition related to the foot and ankle 
that I see in my practice is patellofemoral pain (PFP) syndrome. 
Clearly, this is a knee condition, but clinical wisdom has linked it 
with overpronation of the foot. It was this link that brought me to 
use foot orthoses as an option for treatment of overuse injuries of 
the lower limb. The first 20 pairs of foot orthoses that I prescribed 
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in 1990 were for treatment of PFP. The results were impressive, 
and I started using foot orthoses as a treatment for various mala-
dies of the lower limb.
LER: What is your diagnostic approach when you suspect PFP 
syndrome? 
JKR: The patient’s history will provide important information, such 
as reports of anterior or retropatellar knee pain during running, 
squatting, hopping, kneeling, or prolonged sitting. Clark’s patellar 
grind test is a standard orthopedic test used in the diagnosis; 
patient is supine with a pad under the knee to maintain some 
degree of knee flexion while contracting the quadriceps muscle 
as the clinician applies force on the superior aspect of the patella 
in an inferior direction. The test is positive for PFP if it reproduces 
the knee pain, although it is not a definitive test. 
 The eccentric step test is, however, more likely to diagnose 
PFP. Standing on a block, the patient steps down toward the floor 
with 1 foot. The test is positive if the patient reports knee pain on 
the stance leg while the other foot is stepping toward the floor.1

LER: Is PFP syndrome associated with a particular foot type? 
JKR: As I mentioned earlier, it has been assumed that PFP syn-
drome results from overpronation of the foot, which is why foot 
orthoses are prescribed for these patients. Interestingly, PFP syn-
drome has not been associated with any particular foot type, and 
yet orthotic devices appear helpful in relieving pain. 

iStockphoto.com 664122448-

This observation has inspired several researchers to examine 
prediction rules for whether a patient with PFP syndrome will 
benefit from use of foot orthoses. Sutlive and coworkers in 2004 
discovered that a person was more likely to respond favorably to 
the orthotic intervention if any of following were present:
•	 valgus forefoot alignment, >2°

•	 navicular drop, ≤3 mm

•	 absence of crepitus

•	 relaxed calcaneal stance, < 5° degrees valgus, or varus 
alignment 

•	 great toe extension range of motion, <7°

•	 straight leg raise limited by hamstring tightness.2

Using no predictors, the success rate is approximately 60%. 
The presence of 3 of those factors—navicular drop, toe extension, 

and forefoot alignment—increases the success rate with an orthotic 
intervention to 86%. 

Conducting a similar study in 2010, Vicenzino and colleagues 
identified additional predictors of better outcomes using foot ortho-
ses:
•	 age, >25 years 

•	 height, <165 cm 

•	 worst pain, < 53 on a 100-point visual analog scale

•	 midfoot width difference, >10.96 mm between weight-bearing 
and non-weight-bearing.3

The researchers noted a success rate of 52% with only 1 of 
those predictors present; the presence of 2 or 3 increased the suc-
cess rate to 59% and 85%, respectively. 

Barton and coworkers in 2011 identified additional predictors 
of clinical success. Their finding was that patients had better out-
comes when using foot orthoses if—
•	 usual pain, < 22 mm (on 100-point visual analog scale)

•	 reduced ankle dorsiflexion (equinus) 

•	 pain was less during a squat if the patient wore foot orthoses.4

Patients whose footwear lacked motion control features also had 
better outcomes with foot orthoses.

Building on this work, Mills and coworkers included patients 
with PFP syndrome who had at least 2 of the predictors identified 
by Vicenzino, and assigned participants to either receive foot or-
thoses or no treatment.5 The authors found that although the foot 
orthoses used in the study were “off-the-shelf,” patients using them 
responded significantly better than the control group. They further 
reported that within the intervention group, participants were more 
likely to report a successful outcome when forefoot width from 
non-weight-bearing to weight bearing increased >11.25 mm. 
LER: In your practice, does a patient’s lack of these predictors pre-
clude the use of foot orthoses for PFP syndrome? 
JKR: When you look at the studies together it appears clear that 
PFP syndrome is related to foot type, but not quite the way we orig-
inally thought it might be. The important point is that your success 
rate for treatment of PFP syndrome is likely to increase substantially 
for those patients with a number of these identified predictors pres-
ent, compared with simply providing foot orthoses to anyone who 
has PFP.
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Trends in preventing and treating  
hamstring-strain injuries
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Hamstring muscle strain begets 
hamstring re-injury. Experts discuss 
best practices for healing this 
common sports injury and advise on 
how to prevent it in the first place.

High relapse rate from preseason 
injuries presents significant challenge 
for athletes and sports teams.

By Keith Loria 

Hamstring strain injuries are among the most common in 
sports, often leading to recurring problems or future injury. 
Marcus Elliott, director of P3 Applied Sports Science and 
a former muscle-injury specialist for the National Football 
League’s New England Patriots, conducted a 10-year analy-
sis1 of hamstring strain injuries in football and reported that 
more than 50% of those that occurred during the preseason 
became further problematic throughout the regular season. 
This high relapse rate is a challenge for sports medicine 
specialists and has a significant impact on athletes and sport 
teams.

Matthew Bourne, department of rehabilitation, nutrition, 
and sport at the La Trobe Sport and Exercise Medicine Re-
search Centre, Melbourne, Australia, led a study2 that looked 
at how strengthening exercises worked to prevent hamstring 
injury. “Enough evidence suggests that the acute responses 
and chronic adaptations to training with different hamstring 
exercises are heterogeneous,” he said. “Muscle activation 
may be an important determinant of training-induced hyper-
trophy; however, contraction mode appears to be the largest 
driver of architectural changes within the hamstrings.”
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Based on the results of the study, which was published in 
Sports Medicine in February, Bourne and coauthors  reported that 
improved understanding of this empiric evidence will someday 
enable practitioners to make better-informed decisions around 
exercise selection for the prevention or treatment of hamstring 
strain injury. Bourne thinks that some clinical guidelines for ham-
string prevention and rehabilitation are based on anecdotal infor-
mation: “We wanted to go through the literature and try to provide 
a bit of an evidence-based approach to strength training,” Bourne 
said. “What we know is that there’s very good evidence for eccen-
tric conditioning to prevent hamstring injury.”

Bourne cited other studies3 that have proved that eccentric 
knee–flexor conditioning decreases the risk of hamstring strain 
injury when compliance is adequate, adding that these benefits 
are more likely to be at least partly mediated by 1) increases in 
biceps femoris long-head fascicle length, 2) possibly a rightward 
shift in the angle of peak knee–flexor torque, and 3) improve-
ments in eccentric knee-flexor strength—although other adapta-
tions may contribute. He noted in his study that athletes with short 
fascicles were 4 times more likely to tear their hamstrings; a 1-cm 
increase in fascicle length reduces the risk of a hamstring injury 
by approximately 74%.2 

Physical therapy modalities
John Sauer PT, DPT, OCS, endurance program co-manager for 
Athletico, La Grange Park, IL, said that, although certain physical 
therapy modalities, such as moist heat, electrophysiologic agents, 
and therapeutic ultrasound, can be an effective adjunct to treat-
ment in early pain-management stages, he has found that the 
earlier athletes are able to return to more active interventions, the 
faster they tend to recover. “I have yet to see a convincing study 
on improved hamstring muscle healing from modalities,” he said. 
“I tend to avoid use of modalities with this patient population.”

Timothy F. Tyler MS, PT, ATC, physical therapist at the Nicho-
las Institute of Sports Medicine and Athletic Trauma at Lenox Hill 
Hospital, New York, NY, has treated lacrosse players through the 
years, and notes that hamstring injuries are the most prevalent 
ones in the sport. Tyler usually has about 4 to 6 weeks for in-sea-
son injury to heal so that the athlete can resume playing—but 
there’s often just one chance of doing that.

“If they [have] a reoccurrence during that same season, it’s 
very hard to get them back on the field,” he said. For the first 
phase of treatment, Tyler prescribes rest, ice compression, and 
isometric contractions, but not stretching the injured muscle. The 
regimen aims to preserve the available range of motion but not to 
take it past its passive endpoint. 

For the second phase of treatment, Tyler looks at more iso-
tonic and dynamic exercises, starting to strengthen the muscle in 
the lengthened state with hip and the knee. The third, final phase 
includes maximum eccentric strengthening in length and speed 
to prevent recurrences. 

Bourne agrees that the most effective methods include 
strengthening exercises and conditioning as early as possible in 
the process, and are vital to rehabilitation.

Preventive steps
Emilia Ravski, MD, sports medicine physician with Hoag Orthope-
dic Institute, Irvine, CA, said the recent focus has been on injury 

prevention. To prevent injury, she shared, it is important to identify 
the many causes that can predispose an athlete to hamstring in-
jury. Such factors include prior hamstring injury, training volume 
and errors, dysfunctional movement patterns, muscular strength 
imbalance, and lack of neuromuscular control. Although an ath-
lete’s injury history cannot be changed, modifiable intrinsic and 
extrinsic risk factors should be addressed, Ravski noted. These in-
clude any necessary adjustments to training regimen and volume 
to avoid overloading the hamstring. 

“In addition, a comprehensive functional assessment can elu-
cidate dysfunctional movement patterns that may predispose one 
to a hamstring injury and should include evaluation of core stabil-
ity, hip range of motion, quad flexibility and hamstring strength,” 
Ravski said. “Lastly, the pathologic process of injury begins prior 
to the onset of pain, thus minimizing biomechanical risk factors in 
combination with proper training should be emphasized. Early de-
tection of symptoms is also very important as delayed treatment 
can lead to prolonged recovery.”

Over the long term, Sauer revealed, there is some good 
evidence regarding performance of Nordic lunges for injury 
prevention. For more general strength or conditioning work, an 
appropriately progressed squatting or deadlifting program can be 
helpful for a balanced approach to lower-extremity strengthening 
in athletic populations. “Additionally, I generally have my runners 
stay consistent with eccentric, single-leg windmill exercises to 
maintain good control with varied positions of the hip,” he said. 
“When we look at the function of the hamstring, it has a major role 
in deceleration of the leg with higher-speed running and kicking, 
so training it with control through full lengthening cycles is critical 
for avoiding recurrent strains.”

The rise of restorative medicine
Brian M. Grawe, MD, assistant professor 
of sports medicine and  shoulder re-
construction in the Department of Or-
thopaedic Surgery and Sports Medicine 
at the University of Cincinnati College of 
Medicine, said the biggest buzz regard-
ing hamstring injury today centers on 
restorative medicine. “Athletes are 
always looking for an advantage and 
we, as sports medicine doctors, are 
always trying to provide cutting-edge 
treatment options so that players can 
get back onto the field faster,” he said. 
“Restorative medicine comes in many 
varieties, but for hamstring injuries, 
it means biologic therapy to help 
heal the muscle and tendon 
injury.” This often includes 
growth factors and 
stem-cell ther-
apies;  

Continued from page 22
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although currently experimental, these options offer the potential 
for scar-free healing and shortened recovery times.

Sound rehab program
Newer treatment trends—particularly in soccer and running popu-
lations, where hamstring injuries are highly prevalent—increasingly 
focus on eccentric hamstring control, dynamic warmup exercises, 
and dry needling. “Dry needling is one passive intervention that is 
picking up more steam, which is the use of a needle to elicit a local 
twitch response from insertion into trigger points in the muscle 
tissue,” Sauer said. “I do not perform dry needling personally, as 
evidence on both trigger points and consistent effects of dry nee-
dling still needs further development; however, many athletes note 
a positive response.” 

“Both [eccentric exercises and dry needling] are very effective,” 
said Grawe, “and [are] my first-line treatment for those athletes with 
acute hamstring injuries.” He noted that eccentric exercises can 
efficiently and safely build muscle strength following injuries, as the 
muscle is lengthening—similar to “negatives” on a biceps curl. Dry 
needling, he added, increases blood flow to the muscle and pro-
motes healing. For hamstring strengthening, Grawe typically rec-
ommends a progression toward higher-velocity strengthening and 
reaction in lengthened positions, including eccentric strengthening 
with single-leg forward leans with medicine ball, single-leg dead 
lifts with dumbbells, single-leg bridge curls on a physioball, resist-
ed-running foot catches, and Nordic curls.*

Sauer recently worked with a high school sprinter 1 year 
post-hamstring strain, who had had partial success with a trial of 
physical therapy and was able to return to normal daily activities, 

even though he still had increased pain upon squatting and during 
high-speed running. Initial treatments for this sprinter included man-
ual hamstring pin/stretch; the Graston Technique® applied to the 
medial hamstring; bridging with emphasis on gluteal activation; and 
prone hamstring isometrics at 90°. Emphasis was on avoidance of 
pain with all exercises. Sauer progressed the rehabilitation to sin-
gle-leg bridging, multi-angle bridging/bridge walkouts, lateral band 
walks, Nordic lunges, “good mornings”, squat retraining, eccentric 
single-leg windmills, 3 cone taps, and independent soft-tissue work 
with foam roll/tennis ball, initiated over the following weeks. 

“The patient was seen for 8 visits, over the course of 5 weeks, 
and the pain decreased from 6 [on a scale of 1 to] 10 with sprinting 
and squatting to 0 [on a scale of 1 to] 10, with symmetrical gluteal 
and hamstring [delayed-onset muscle soreness] on days after heavy 
squatting or sprinting,” Sauer said. “At time of discharge, he was not 
at his previous level of short distance times… which was attributed 
to lack of training volume over the prior 12 months.”

Bourne hopes that, in the future, clinicians realize there is 
strong evidence for single-joint eccentric movements like the Nor-
dic hamstring exercise, which continues to be one of the most-de-
bated exercises in the sports medicine industry.

Keith Loria is a freelance medical writer.
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*Editor’s note: Other recently developed interventions for hamstring strengthen-
ing have spent time in the limelight. They include instrument-assisted soft-tissue 
mobilization (such as the Graston Technique® [http://www.grastontechnique.
com] and Astym® [https://astym.com] brands) and cupping, a staple of the US 
swim team in the 2016 summer Olympics in Rio de Janeiro, Brazil.
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RESEARCHERS QUANTIFY SEX DIFFERENCES 
IN THIGH-MUSCLE MORPHOLOGY

Males are known to be at higher risk of hamstring strain 
injury, whereas females are at higher risk of anterior cruciate 
ligament (ACL) injury, as well as knee osteoarthritis. To better 
understand the mechanisms behind these sex-based distinc-
tions, researchers from Loughborough University, Leicester-
shire, UK, compared the sex-based differences in knee-joint 
muscle morphology in 66 moderately physically active par-
ticipants (34 females, 32 males; average age, 20 years; no 
history of traumatic lower-limb injury). Magnetic resonance 
imaging scans were used to calculate maximal anatomical 
cross-sectional area (ACSAmax) of knee flexor (KF)a and knee 
extensor (KE)b muscles. 

The team’s findings were published earlier this year in 
PLoS One.

ACSAmax values for individual KF and KE muscles were 
all significantly smaller in females. Sexual dimorphism among 
unique muscles varied from -16.1% for the vastus lateralis to 
-43.6% for the sartorius, making the male–female difference 
2.7-fold greater for the sartorius than for the vastus lateralis 
(Figure 1). KE ACSAmax was 25.3% smaller in females (70.9 
cm2 ± 12.1 cm2, compared to 93.6 cm2 ± 10.3 cm2 for 
males); KF ACSAmax was 29.6% smaller in females (38.8 cm2 
± 7.31cm2, compared to 55.1 cm2 ± 7.3 cm2 for males). As 
a result, the KF:KE ACSAmax ratio was lower for females (0.55 
± 0.08, compared to 0.59 ± 0.07 for males; P=.031).

Proportional size differences in 2 of 4 KE muscles and 5 
of 6 KF muscles are detailed in Figure 2. Sex differences in 
muscle-mass distribution were apparent in all 4 KE muscles 
and 4 of 6 KF muscles (excluding the biceps femoris long 
head and the gracilis) (Figure 2b).

In their conclusion, the authors identify the increased 
biceps femoris long head as a proportion of KF ACSAmax in 
females as a possible contributor to their reduced risk of ham-
string injury, noting that the most commonly injured hamstring 
is the biceps femoris long head. They note that the range 
of sex differences in knee-joint muscle morphology overall, 
however, may contribute to the increased risk of ACL injury 
in females. They believe that interventions that positively alter 
muscle-size profiles—as a possible way of reducing the risk of 
ACL injury risk in females and hamstring injury in males—are 
warranted.

aKE muscles comprise the vastus medialis, vastus lateralis, vas-
tus intermedius, and rectus femoris.

bKE muscles comprise the hamstrings (biceps femoris long 
head, biceps femoris short head, semitendinosus, and semi-
membranosus) and the sartorius and gracilis.

Source:
Behan FP, Maden-Wilkinson TM, Pain MTG, Folland JP. Sex 
differences in muscle morphology of the knee flexors and knee 
extensors. PLoS ONE. 2018;13(1):e0190903.

iStockphoto.com 539651830



lermagazine.com 05.18  29

Figure 1. The magnitude of the 
sex difference for individual 
KE (dark grey) and KF (light 
grey) muscles.

Data are presented as mean 
female ACSAmax (n = 34) as 
the percentage less than mean 
male ACSAmax (n = 32). The sex 
difference ranged from 16.1% for 
the VL to 43.6% for the SA.

Figure 2. Proportional 
size of individual muscles 
relative to whole muscle 
group size (ACSAmax %knee 
extensor (A) %knee flexor (B) 
ACSAmax).

Data are mean±SD of males (n 
= 32) and females (n = 34).  
* P<0.05.

Figures are courtesy of Behan FP et al. PLoS ONE. 2018;13(1):e0190903 via Creative Commons License CC-BY-4.





Biofeedback aids in 
resolving the paradox of 
weight-bearing

Too much? Or not enough? New  
biofeedback tools help patients with  
lower-limb fracture in their struggle to  
understand how much weight to bear  
on an injured limb.  

By Jill R. Dorson

Clinicians whose patients have a lower-limb fracture are faced 
with a paradox: whether or not to instruct them to place weight 
on the healing fracture. There are clear arguments on both sides 
of the issue: Placing a specified amount of weight on a healing 
fracture can help bone growth1; conversely, placing too much 
weight on a fracture or surgical implant can impede, even dam-
age, the healing progress. 
 Combine that ambiguity with patients’ traditionally low com-
pliance with weight-bearing instructions, and the medical com-
munity is left at a crossroads. One direction does appear to offer 
hope. Raaben et al recently reported that visual biofeedback not 
only helps improve compliance but also gives more meaningful 
feedback to patients and medical practitioners so they can better 
determine how much weight to place on the injured site.2

 There is no doubt, however, that weight-bearing is import-
ant in rehabilitation. Several studies have shown that partial 
weight-bearing can improve fracture healing, help maintain bone 
stock and bone mineral density, and be useful in healing overuse 
injuries.3,4 In addition, weight-bearing early in the recovery pro-
cess can help to keep healing fractures aligned and implants in 
place. 

What does weight-bearing mean?
It is obvious that weight-bearing means patients should put 
weight on the injured site, but there is no standard definition. 
Every institution has its own rules—some using percentage of 
body weight, some using number of pounds, others using patient 
“feel.” The Table5 describes how the University of Pittsburgh 
Medical Center defines levels of weight-bearing.
 The more targeted question, though, is: How much weight 
at different stages of rehabilitation? A look at weight-bearing in-
structions from multiple rehabilitation centers makes it clear that 
there is no standard for the amount of weight at different stages 
of recovery and that the determination of the percentage of 
weight is often left up to the ability of the patient to determine. 
 For example, weight-bearing instructions provided by Twin 
Cities Orthopedics, a chain of rehabilitation centers in Minnesota, 
calls for patients to wear controlled ankle motion boots following 
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Every institution has its own rules—
some using percentage of body weight, 
some using number of pounds, others 
using patient “feel.”

iStockphoto.com 492795301
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outfitted with force sensors, a wristband, and wireless tech-
nology, allows medical practitioners to monitor weight-bear-
ing while a patient is walking. According to the website on 
which the device is showcased (www.sensistep.com), it 
provides real-time data about load. The team that developed 
the device shared insight into the device through a 2017 
Sensors article.13

Historically, biofeedback systems had limited use due 
to their bulkiness; there were often cables associated with 
the machine, and the reliability of sensors could be compro-
mised by changes in temperature or humidity—and by cost. 
Newer technology is more nimble and allows physical thera-
pists to not only monitor the weight put onto an injured limb, 
but to input a specific target load. The patient is then alerted 
when he (she) is putting too much or not enough weight on 
the limb. 

Numerous studies are documenting how mobile devices 
can help improve compliance and, unlike cumbersome pre-
decessors, be used in dynamic situations.
 

Jill R. Dorson is a freelancer writer.

Mobile systems are the next  
generation of weight-bearing  
measurement technology
A mobile biofeedback system created by researchers at Uni-
versitair Medisch Centrum (UMC) Utrecht, The Netherlands, is 
an example of the latest advancement in the measurement of 
weight-bearing. The SensiStep device, custom-made sandals 
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idea of how it feels to bear a certain weight. However, the activity 
is static, and multiple studies have shown that the act of standing 
does not adequately replicate the act of walking, and is therefore 
not fully useful.9,10 
 The method gaining traction for measuring weight-bearing 
is biofeedback, which allows patients to get feedback while walk-
ing. As early as 2001, a Swedish study that employed biofeed-
back using pressure-sensitive insoles found that, that despite 
verbal feedback, none of the patients were able to comply with 
weight-bearing instructions and, in fact, questioned the usefulness 
of limited weight-bearing in rehabilitation.3

Continued from page 32
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an ankle fracture and use a bathroom scale to “get a feel” for 
what a certain degree of weight bearing feels like, and then:6

…[i]f you are able to tolerate 25% well, progress to 
50% of your body weight; if you are able to tolerate 
50% well, progress to 75% of your body weight…

 Although a physical therapist would presumably help a 
patient to understand how much weight 25% or 50% of their 
body weight is, that number can be hard to translate outside of a 
well-calibrated clinical setting.

How to measure weight-bearing
Physical therapists use 3 key methods to measure how much 
weight a patient is bearing on a healing limb, although biofeed-
back has been shown to be the most promising.7 
 Tactile feedback from a physical therapist is the method most 
often used,1 although at least 1 study3 has shown that this method 
does not accurately train the patient. In this scenario, a physical 
therapist will place his (her) hand beneath the patient’s foot and 
estimate the amount of weight being applied. While this method 
is cost-effective because no special equipment is needed, it does 
require a well-trained physical therapist. However, in a 2009 
study published in Archives of Physical Medicine and Rehabilita-
tion, even the best physical therapists erred by as much as 30% 
of desired weight in their estimate.8

 A second method used to measure weight-bearing is a sim-
ple bathroom scale. A patient can step onto the scale to get an Adapted from: University of Pittsburgh Medical Center.5

Table. Levels of weight bearing

Level Definition

Non-weight-bearing No weight is placed on the injured 

limb

Touch-down weight-bearing The injured limb is used only for 

balance

Partial weight-bearing A percentage of body weight is 

placed on the injured limb

Weight-bearing as tolerated A “comfortable” amount of weight 

is placed on the limb (measured by 

patient’s comfort level, not by per-

centage of body weight)

Full weight-bearing Full body weight is placed on the 

injured limb
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 Fast-forward 17 years and, in a 2018 Gait and Posture study, 
Raaben et al provide evidence that weight-bearing was more eas-
ily understandable with the use of real-time visual biofeedback.2 
The recent study had 2 groups with lower-extremity fracture: one 
group in which full weight-bearing was prescribed; the other, 
touch-down weight-bearing. Both groups walked 15 meters while 
the biofeedback system registered their weight-bearing. Then, the 
groups were asked to walk the 15 meters with visual biofeedback. 
Visualization allowed the participants to adapt their load, improv-
ing compliance overall.
 Findings were significant for the full weight-bearing group—
increasing from 51% body weight for the first walk to 74% 
body weight with visual feedback (P=0.0016). The touch-down 
weight-bearing group saw decreases in exerted load from 16.7 
kg (±9.77 kg) without feedback to 10.27 kg (±4.56 kg) with vi-
sualized feedback (P=0.0718). Significantly, variance between 
individual steps decreased with visual feedback (P=0.018). 
 The authors concluded that feedback that was visualized in 
real time improved therapy compliance in these participants. The 
findings are in line with past work, which found that patients are 
not only more likely to follow directions, but are more likely to 
properly execute instructions with the assistance of biofeedback.1 

Why is compliance among patients low in 
weight-bearing?
Although methods of measuring weight-bearing in healing pa-
tients have until recently been inexact, reasons for low rates of 
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compliance among patients are multifactorial. Reasons range from 
the amount of pain a patient feels when bearing weight to the 
anxiety of feeling the pain or a patient’s fear of doing further dam-
age. In his most recent study, researcher Marco Raaben, a PhD 
candidate at Universitair Medisch Centrum (UMC) Utrecht, The 
Netherlands, found that failing to follow weight-bearing instruc-
tions can have a negative effect on healing, ranging from displac-
ing the fracture to causing failure with the implant.2 
 As a practical matter, weight-bearing on an injured limb re-
quires an attentiveness that many patients do not have. Consider 
that, when patients leave the controlled clinical setting, they are 
often faced with unique challenges—stairs, pets, children—that can 
take their attention away from focusing on weight-bearing.
 This consideration leads to the issue of life in the real 
world. As with prescription nonadherence, noncompliance with 
weight-bearing instructions has been reported at approximately 
25%;11 indeed, in this 2016 study, nearly 42% of the noncom-
pliant group suffered adverse events, compared with 12% of the 
compliant group, despite receiving explicit advice on the potential 
for complications. Compliance and noncompliance was compa-
rable across all groups, with the only significant influence being 
warmer weather, which led to more noncompliance. The editorial 
that accompanied the published study reminds clinicians to con-
sider patient-centered outcomes and lifestyle ramifications when 
providing such instructions.13 
 As artificial intelligence becomes more customizable and 
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technology evolves to make biofeedback devices smaller and 

more user friendly (see “Mobile systems are the next generation 

of weight-bearing measurement technology”13), the opportunity 

to personalize a prescription for weight-bearing to meet an in-

dividual patient’s needs becomes a very real possibility. Will the 

clinician order it? Will the patient follow it? Stay tuned for answers 

to these questions. 
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Challenges of reducing the 
high burden of osteoarthritis 
in the military 

The lower limb and knee account for >75% 
of musculoskeletal injuries in today’s military.

By Nicole Wetsman 

Osteoarthritis is among the leading causes of disability in the 
United States, costing billions of dollars each year in lost work 
hours, treatments, and doctor visits, and leaving people sidelined 
from day-to-day activities. 

That problem is mirrored and amplified in the military, a unique 
segment of the population that relies heavily on physical fitness 
and ability. “OA is the leading cause of disability discharge from the 
military,” said Kenneth Cameron, PhD, MPH, ATC, FNATA, director 
of Orthopaedic Research at Keller Army Community Hospital, West 
Point, NY. Indeed, the lower limb and particularly the knee account 
for more than 75% of military-related musculoskeletal injuries.

The armed forces are particularly affected by osteoarthritis, 
and disease often strikes soldiers earlier than it would civilians. 
However, management and treatment are hampered by the same 
information gaps as in the general OA population. Despite the 
urgency of the problem, which increases daily due to multiple 
deployments, research focused on military-specific osteoarthritis 
remains underfunded—even though successes in that sphere could 
translate out into the civilian population. 

“We need to do a better job ensuring people can stay in their 
jobs,” Cameron said. “Anything the military does will be relevant to 
the general population.”

A military readiness problem
Between 1999 and 2008, 108,266 cases of physician-diagnosed 
osteoarthritis were documented in the Defense Medical Surveil-
lance System,1 which collects health-care data in the military. Just 
as in the civilian population, the rate of OA increases as service 
members get older, according to an analysis published in Arthritis & 
Rheumatology in 2011,1 and enlisted service members, who have 
more physically demanding positions, were at a higher risk of the 
condition. Overall, the military had nearly twice the incidence of 
OA compared with the general population, making OA a potential 
threat to military readiness.

The rate of OA remains higher than average among veterans, 
with 32 % of veterans reporting doctor-diagnosed arthritis, com-
pared with 22 % of non-veterans, according to a 2006 study of 
nearly 125,000 adults surveyed through the Behavioral Risk Factor 
Surveillance System.2

The physical requirements of military service likely contribute 
to the high rate of OA, said Michael Langworthy, MD, US Navy Re-
serve Captain and chief of orthopedic surgery and sports medicine 
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For comparison, the way posttraumatic OA 
is managed today would be like identifying 
patients with hypertension and saying 
that they don’t need to come back until 
they have a heart attack—that is, without 
intermediary treatment. There are no 
intermediary treatments for OA.

Continued on page 40
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Body-borne loads and 
military osteoarthritis
Heavy loads, such as body armor, heavy boots, backpacks, and 
weapons, affect movements of the knee in military service mem-
bers, and might contribute to injury risk or osteoarthritis (OA), 

according to several studies represented at the recent 41st An-
nual Meeting of the American Society for Biomechanics. 

Carrying a medium or heavy load (defined as 15% and 
30% of bodyweight, respectively) affected knee-joint move-
ments of male soldiers during a run-to-walk task but not 
during a walk-to-run task.1 The deceleration from run-to-
walk caused soldiers who were wearing medium or heavy 
loads to exhibit significantly increased knee abduction and 
internal rotation, which might increase risk of injury and 

knee instability. The authors called for additional research 
to identify biomechanical strategies that might help soldiers 
avoid risky movement patterns and protect against injury 
during deceleration.  

Exhibiting varus thrust, a biomechanical feature in which 
the knee bows out laterally during the weight-bearing portion 
of a step, puts people at increased risk of knee OA. Adding 

weight burden, which also increases risk of knee OA, to soldiers 
with this walking pattern is therefore a potential concern. However, 
in research discussed at the 2017 American Society for Biome-
chanics annual meeting, and subsequently published in the Journal 
of Biomechanics,2 adding a body-borne load actually reduced 
thrust in 9 military personnel who presented with it initially (one 
half the study sample). Nine military personnel without vagus thrust, 
however, adopted a walking pattern that were related to risk of OA, 
such as thrust and knee abduction, when carrying a load. 

Current research underscores the complex relationship be-
tween added load and changes in biomechanics, particularly in 
the knee. Authors on both studies1,2 stressed the need to develop 
intervention strategies that might reduce movement patterns linked 
to the development of osteoarthritis for service members.  
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at Southcoast Health in New England. 
Service members face stringent fitness 
requirements, so obesity and carrying 
excess body weight—a well-known risk 
factor for OA3—is not generally a concern. 
“But the average sailor deploys wearing 
body armor,” Langworthy said. “That 
can weigh anywhere from 70 to 100 
pounds.” That load, he said, puts pressure 
on the joints in the lower body, similar to 
what obesity does. 

The training, running, jumping, climb-
ing, and other activities asked of soldiers 
also strain joints. Former football players, 
noted Anthony Johnson, MD, FAOA, 
FACS, Orthopedic Sports Medicine Clin-
ical Director at the University of Texas 
Health Austin’s Musculoskeletal Institute, 
have a similarly high rate of OA for that 
reason. “It’s a collision sport and, like the 
military, there’s a lot of jumping, carrying 
things, short runs,” he said. 

A significant percentage of OA de-
veloped by soldiers and veterans is likely 
posttraumatic OA, which develops follow-
ing acute injury, such as an anterior cru-
ciate ligament (ACL) tear or ankle sprain. 
The high rate of lower-extremity injury 
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during recent military conflicts contributes to the problem, Johnson 
said. Research also shows that traumatic injury progresses to OA 
at a higher rate in the military than it does in the civilian population: 
approximately 28 % of injuries resulted in arthritis, according to a 
2013 analysis, compared with 12 % in a general population.4 

Nearly all cases of posttraumatic OA could be linked directly 
back to a battlefield injury, and joint damage progressed rapidly to 
disability in injured soldiers. “There was an average of 19 months 
from injury to when they were no longer fit for service,” said John-
son, who was a coauthor of the study. 

An injury on the battlefield, then, has a high risk of sidelining 
soldiers quickly, during the time when they might still be otherwise 
able to be actively serving. Intervening to prevent or treat OA more 
effectively means that the armed forces can continue to employ 
and rely on more people who they’ve spent money and time train-
ing, Cameron said. “And they can continue to do the job that they 
want to be doing,” he said. 

Earlier interventions needed
Treating OA in the military is no different than the challenge facing 
civilian clinicians. There simply aren’t many treatment options for 
OA outside pain management and, eventually, joint replacement. 

In younger service members, like many soldiers who develop 
joint problems early, choices are even more limiting and difficult. 
“You’re really trying to navigate, how do I keep working, and man-
age this best I can, because I’m too young for a joint replacement,” 
said Kelli Allen, PhD, health services researcher at the Thurston Ar-
thritis Research Center, University of North Carolina at Chapel Hill. 
“Ideally, you catch it early, and try to aggressively manage it.”

However, identifying joint problems early is still a major chal-
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lenge. Even if interventions were to come online, Cameron said, 

they’d be useless without a way to measure joint health and track 

the progression of OA as it’s developing, not just once it has be-

come a problem. “Research needs to be focusing on how to iden-

tify people earlier in the progression of the disease,” he said. 

That’s particularly important for posttraumatic OA. At this point, 

Cameron said, there’s an enormous time gap between an injury 

such as an ACL tear and development of OA, in regard to making 

contact with a physician. 
“Right now, if you tear your ACL, you’re treated, and in 6 or 9 

months you’re free to go. But we know that you’re at a very high 
risk for OA, and it will probably happen within 10 years,” Cameron 
said. The way physicians manage posttraumatic OA today, he ex-
plained, would be like taking people with hypertension, who are at 
an increased risk of heart attack, and saying that they don’t need 
to come back in until they’re actually having a heart attack—without 
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providing intermediary treatment. 

“From the OA perspective, we do that. 

We do that because we don’t have a way 

to monitor joint health during that pe-

riod,” Cameron said. “We need to 

change the way we’re thinking and 

engage earlier in the process.”

Because the military has ro-

bust injury tracking and oversight 

capacity, it might be particularly 

well-suited to investigate questions 

around the progression of post-

traumatic OA. The military population, 

where OA is known to appear earlier, 

also provides an opportunity to observe 

the disease in younger service members 

and allows researchers to understand the 

way OA manifests and should be managed 

in that group, Langworthy said. 

“In the US, the fastest growing group is 

people from 45 to 55 [years of age]. They’re in the prime of their 

working lives,” Langworthy said. “If they have bad hips, and bad 

knees, they can’t go to work. Research and interventions that occur 

in the military can translate well to that.”

Directing research dollars
Although the military is well aware of the problem OA poses to mil-

itary readiness and has a ready and well-documented population 

for research, funding dollars from the US Department of Defense 

for studies on the armed forces are often scarce. Department of 

Defense funding is distributed by Congress, and the pot of money 

is open to all researchers—not divided by disease. 

“We’ve only just started to allocate research funding in the last 

few years,” Cameron said. “It’s become more of a priority. But it’s 

still a challenge because the dollars are congressionally allocated, 

and there’s no specific funding mechanism for osteoarthritis. We’re 

competing with 40 or 50 other disease categories.”  
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AA vs TAA: Update on  
ankle arthroplasty

By Vicki Foerster, MD, MSc

End-stage arthritis of the ankle joint affects 
more than 50,000 people in the US. When 
conservative treatments do not provide 
enough relief, surgical options should be 
considered. Patient selection is key when 
choosing between ankle arthrodesis (fusion) 
and total ankle arthroplasty (replacement). 

In end-stage ankle arthritis, joint cartilage has worn away and pain 
occurs as bone rubs against bone. Although less common than 
arthritis of the hip or knee, the pain and disability of end-stage 
ankle arthritis affect patients as much as severely disabling phys-
ical conditions such as end-stage hip arthritis, end-stage kidney 
disease, and congestive heart failure.1-4 

 An estimated 50,000 people in the USA have end-stage 
ankle arthritis.5 In up to 80% of cases, the condition is posttrau-
matic,6 with the 3 most common traumatic causes being rotational 
ankle fractures (37%), recurrent ankle instability (15%), and single 
sprain with continued pain (14%).7 An end-stage ankle can also 
be caused by other kinds of arthritis, including rheumatoid, hemo-
philic, septic, neuropathic, and idiopathic, as well as osteonecrosis 
and gout.8 Because many cases occur posttrauma, end-stage 
ankle arthritis is associated with a younger population than hip 
and knee arthritis, affecting people in their 5th and 6th decades 
of life—compared to surgery for hip and knee arthritis, which is 
performed mostly in the 7th and 8th decades.6

Treatment options
Conservative treatment

Conservative treatment for end-stage ankle arthritis includes ac-
tivity modification, nonsteroidal anti-inflammatory drugs, braces, 
physical therapy, shoewear modification, and ankle steroid in-
jection.9-11 However, if these treatments do not provide enough 
relief, current surgical options are joint fusion (ankle arthrodesis 
[AA]) and joint replacement (total ankle arthroplasty [TAA]).3,8,12

Ankle arthrodesis

AA uses screws, with or without plates and bone grafting, to fuse 
the articulating tibiotalar joint into a solid immovable bone. In 
some cases, the procedure may be carried out laparoscopically.13 
Considered the gold standard of surgery to reduce pain for end-
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•  Compressive forces on the main ankle 
joint (the tibiotalar joint) can be 4 times 
body weight during normal walking. 

•  Serving as a shock absorber for the body, 
an ankle has only a small surface area 
to bear the body’s weight and is injured 
more often than any other joint.  

•  For surgeons, the ankle is a difficult joint, 
due to its small size and its complexity; 
once injured, it is hard to repair, 
especially in older people.
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stage ankle arthritis,6,14,15 the procedure can lead to decreased 
ankle motion, altered gait, accelerated arthritis in surrounding 
joints, and nonunion.3,8,12 According to Peter G. Mangone, MD, 
foot and ankle orthopedic surgeon in Asheville, NC, and Co-Direc-
tor of the EmergeOrtho: Blue Ridge Division Foot and Ankle Cen-
ter, AA continues to be the treatment of choice for a number of 
patients (see “Patient selection,” below, for details). Likewise, Joel 
Morash, MD, PhD, a surgeon specializing in reconstructive foot 
and ankle surgery at Dalhousie University, Halifax, Nova Scotia, 
Canada, described AA as a useful procedure that should not be 
considered inferior to TAA, noting that some patients cope well 
postoperatively without significant gait changes. 

Total ankle arthroplasty

TAA uses a 2-part or 3-part implant to resurface the ends of the 
tibia and the talus with metal components and a synthetic piece 
positioned between them, allowing joint movement. TAA offers 
greater ankle range of movement than AA and can therefore im-
prove gait, decrease stress on other joints, and potentially lead to 
less arthritis in surrounding joints; however, complications include 
implant loosening, ankle instability, osteolysis, infection, and a 
need for reoperation.3,8,12 

 In the 1970s, TAA was developed as an alternative to AA; 
although first-generation TAA implants had an unacceptably high 
complication rate, recent (3rd- and 4th-generation) TAA designs 
have led to better outcomes.5,8,14-16 Supporters of TAA note that, 

although long-term survivorship of the newest implants (10 to 15 
years and longer) is unknown (some have been used for 5 years 
or less), current designs and approaches suggest that TAA can 
match the favorable outcomes of AA and allow preservation of 
ankle motion, at least in the short term.8,12,15 

 As TAA surgical technique and implant design have gained 
sophistication, the number of TAAs performed in the United 
States has risen—although the rate of AA continues to be about 
double that of AA.17, 18 Some specialist surgeons, such as W. 
Hodges Davis, MD, (foot and ankle surgeon and medical director, 
OrthoCarolina Foot and Ankle Institute, Charlotte, NC) and Steven 
Haddad, MD, (foot and ankle surgeon, Illinois Bone and Joint Insti-
tute, Glenview, Il, and Past President, American Orthopaedic Foot 
and Ankle Society) have seen their practices shift dramatically, 
with the rate of TAA significantly outweighing the rate of AA.

TAA prostheses available in the USA (FDA Class II medical de-
vices)

Although more than 20 TAA devices have been available world-
wide, only a subset has been approved as FDA Class II medical 
devices for use in the United States, including:10,19

•	Agility® and Mobility® (DePuy Orthopaedics) 

•	Cadence® Total Ankle System (Integra LifeSciences)

•	 INFINITY®, INBONE®, and INVISION® (Wright Medical 
Group) 
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Author (year) Mean 
follow-up Data source Patients Complication rate

COHORT STUDIES FOR TAA

Pangrazzi et 
al (2017)16 46 mo Michigan hospital 104 34%; 11 revisions

Saito et al 
(2018)11 25 mo New York hospital 64

22% (most minor and unrelated to the implant); 
17% reoperation rate (11 patients; generally simple 

procedures caused by minor complications)

COMPARATIVE

Daniels et al 
(2014)23 5.5 y

Canadian Orthopaedic 
Foot and Ankle 

Society Prospective 
Ankle Reconstruction 

Database

388 

(AA 107, 
TAA 281)

Clinical outcomes were comparable between groups

Major complications: AA 7%, 19% TAA

Revision: AA 7%, TAA 17%

Stavrakis 
and Soohoo 

(2016)24
6.6 y

California inpatient 
hospital discharge 
database (1995 to 

2010)

9771 

(AA 8491, 
TAA 1280)

Short-term AA versus TAA: higher rates of readmission 
and periprosthetic joint  and wound infection

Long-term AA versus TAA: higher rates of subsequent 
AA and below-the-knee amputation

Odum et al 
(2017)12

Not 
reported

National (Nationwide) 
Inpatient Sample 
(2003 to 2012)

3148 
(matched 
cohort)

AA versus TAA = 1.8X higher rate of major 
complications but 29% lower rate of minor 

complications

AA: major 8.5% and 4.7% minor

TAA: major 5.3% and 5.9% minor

Table. Additional published reports of procedure complications



•	 Salto Talaris® and Salto Talaris XT™ (Tornier US) 

•	 STAR (Scandinavian Total Ankle Replacement) (Stryker)

•	 Trabecular Metal™ Total Ankle (Zimmer) – lateral approach

•	 Vantage® Total Ankle Mobile Bearing System (Exactech, Inc.)

This list includes devices designed specifically for revisions of 
primary TAAs. According to Mangone, the implant landscape is 
always changing, as there are constant improvements in implant 
design and growing experience as to which implants work best in 
which cases. Davis noted that, although the newest devices are 
limited to a short period of experience, their design is built on 
predecessor devices that have shown satisfactory outcomes and 
longevity.

Recovery periods for both procedures

Postoperative care for AA involves 10 to 12 weeks in a cast, 
whereas a TAA requires 3 to 6 weeks, followed by physical ther-
apy.20 Advice from one university is that both AA and TAA allow 
normal daily activities in 3 to 4 months, with full recovery for AA 
in 4 to 9 months and TAA in 6 to 12 months, depending on the 
severity of the preoperative condition and surgical complexity.13,21 

Published comparisons of the two surgical 
alternatives
Chicago researchers compared AA and TAA outcomes published 
between 2006 and 2016 because they were concerned about 
lack of consensus about end-stage ankle arthritis treatment.8 They 
pooled results from 6 AA case series and 5 TAA case series (lim-
ited to those using 3rd-generation implants approved for market-
ing in the United States) and also assessed 10 studies comparing 
the 2 procedures. In all, data for more than 4000 ankles were 
used. From the pooled case series, AA had a higher complication 
rate than TAA (27% and 20%, respectively) but a lower revision 
reoperation rate (5% and 8%, respectively). The most frequently 
reported AA complications were wound complication, nonunion, 
deep infection, and fracture; whereas for TAA, the main compli-
cations were device loosening, wound complication, fracture, and 
deep infection. Ultimately, the authors concluded that decisions 
should be made on an individual patient basis because significant 
advantages of one procedure over the other were unclear. 

 A meta-analysis of 10 AA–TAA comparative studies was 
published by researchers the republic of Korea.22 They concluded 
that AA and TAA led to similar clinical outcomes, but that inci-
dence rates of reoperation and major surgical complications were 
significantly increased in TAA—in particular, wound problems, 
perioperative fracture, and nerve injury. Other published reports 
of complications are detailed in the table.

Conversion from one procedure to the other
The longevity of TAA is less than that of hip or knee replace-
ments, despite advances in techniques and implant design.6 
Micro-motion of the implants may lead to lack of bone-implant in-
tegration; furthermore, even slight errors in positioning an implant 
can lead to failure.25 Ideally, a TAA can be revised but, if not, AA 
is the main option. According to Morash, converting TAA to AA is 
complicated; much depends on the state of the bones when the 
prosthesis pieces are removed. AA for failed TAA has a higher 

nonunion rate; patients must be aware that complications from 
these procedures may lead to amputation.

 A systematic review of 16 studies published from 1982 to 
2012 (193 patients total) analyzed AA after failed TAA and found 
that most patients needed AA surgery due to TAA component 
loosening, usually of the talar component.18 The overall surgical 
complication rate was 18%, with a nonunion rate of 11%. Patient 
satisfaction rates were generally high. 

 Morash noted that it is very important when converting an 
AA to TAA (called a fusion takedown) to ensure that the patient 
understands that the main goal of surgery is pain reduction, as 
range-of-motion will likely remain limited because the fused joint 
is accustomed to years of tissue restriction with the fusion in 
place. Conversion of AA to TAA is technically demanding and 
considered by some to be controversial.26,27 Davis pointed out the 
lack of published experience on the AA to TAA procedure means 
that long-term outcomes are unknown.

 A Utah study of 18 patients who received TAA after AA due 
to nonunion or mal-union reported that pain and function im-
proved; however, functional outcomes, including postoperative 
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range of motion, were lower than those reported for primary TAA, 
and complications were frequent.27 Another study of 23 patients 
from North Carolina reported pain relief and improved function 
in most patients.26 The authors noted that patients who undergo 
TAA after AA often need additional procedures, such as prophy-
lactic malleolar fixation. In an additional small study of 5 patients 
who received TKA due to symptomatic nonunion after AA, 4 were 
very satisfied or satisfied after a mean 21 months of follow-up.28

Patient selection
Choice of treatment depends on a patient’s age, range of motion, 
level of activity, joint alignment, and expectations.11,15,20 Foot and 
ankle orthopedic surgeons Magone and Morash noted how im-
portant it is to 1) select the right patients for each procedure, and 
2) ensure that patients (and providers caring for them) have a re-
alistic understanding of what the surgical outcomes will be. 

 AA has traditionally been recommended for younger pa-
tients (traditionally,  younger than 65 years), the very active, and 
those with significant ankle damage.21 Thinking is evolving, with 
expanded TAA indications including younger patients (35 or 40 
to 50 years of age) and more significant ankle deformities.6,15 A 
Canadian retrospective database study of nearly 400 ankle pro-
cedures found that patients treated with AA were younger (mean 
age, 55 years) than TAA patients, more likely to be diabetic and 
smokers, and less likely to have inflammatory arthritis.23

 Additional AA indications include:1,8-10

•	 arthritis secondary to trauma or neuromuscular disease

•	 unilateral ankle arthritis (ankle range of motion less than 10°)

•	 absence of arthritis in adjacent joints

•	 severe ankle instability (coronal deformity greater than 15°)

•	 history of joint infection or serious medical problems, includ-
ing vascular issues in the area

•	 ankles that are severely deformed

•	 inadequate or absent leg muscle function or inadequate soft 
tissue

•	 lack of protective sensation or clear neuropathy patients with 
diabetes (due to the high likelihood of distal extremity neu-
ropathy).

Patient expectations
As the American Orthopaedic Foot and Ankle Society’s Past Pres-
ident Haddad points out, patients must understand that an AA 
that fuses correctly is the only permanent solution to eliminating 
pain, although some will need future procedures to fuse adjacent 
joints that become arthritic due to increased stress. In contrast, 
the need for future surgery is very likely for those with a TAA, due 
to the realities of device longevity, particularly in younger people. 
Also, providers caring for patients with end-stage ankle arthritis 
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who undergo surgery must have realistic goals. The main focus is 
to decrease pain and increase functionality somewhat, not to re-
turn to premorbidity function; however, patients often have realis-
tic expectations because their presurgical function was so limiting 
for them. Patients must learn to take good care of their implants 
by avoiding aggressive sports and sudden-impact activities (e.g., 
basketball, skydiving, and horseback riding) and limiting them-
selves to activities in which ankle movement is controlled (e.g., 
hiking, golfing, cycling, and swimming).

 According to the orthopedic surgeons interviewed for this 
article, AA should not be seen as an inferior option, as it might, 
in fact, be the best option for many people. Magone said that he 
may initially uses AA in people in the 35 to 40-year-old range, 
then convert to a TAA when pain in adjacent joints surfaces some 
years later. Converting to TAA surgery can then avoid fusion of 
other ankle joints. The approach depends on the patient’s needs, 
activities, expectations, and foot flexibility.

Cost considerations
A 2004 decision model was favorable toward TAA versus AA, 
with a calculated gain of 0.52 quality-adjusted life years (QALYs), 
at a cost of $9600; 10-year device survival was assumed.29 A 
comparison in 2011 used a Markov decision analysis for a hypo-
thetical 60-year-old cohort and was again favorable to TAA, re-
porting that TAA cost $20,200 more than AA but resulted in 1.7 
additional QALYs, with an incremental cost-effectiveness ratio 
of $11,800/QALY gained.2 The authors concluded that, despite 
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more costly implants, TAA can be a cost-effective alternative to 
AA.2 

 A 2015 Canadian analysis looked at teaching hospital costs 
(in 2006 Canadian dollars) for various alternatives, including op-
erating room time, hospital stay, surgeon billing, and equipment 
used.4 The analysis concluded that AA is a less expensive and 
preferable alternative for some patient groups (e.g., young and 
active, diabetic, and with severe deformity) at $5500; however, 
TAA should not be denied based on device cost alone ($6420 
in this analysis, compared to $1200 for AA) because the total 
in-hospital procedure cost of $13,500 was comparable to that 
of total hip arthroplasty and total knee arthroplasty. Also, TAA 
mean operating room time was longer, but mean hospital stay 
was shorter for the ankle procedures, compared with total hip 
arthroplasty and total knee arthroplasty.

Recent trends
There are ongoing efforts to develop and market a satisfactory 
TAA device due to the drawbacks of AA,4 and the number of 
TAAs being performed is increasing as outcomes improve with 
newer bone-sparing implant designs and improved surgical tech-
niques.9,25 In particular, early TAA devices have been replaced by 
3rd- and 4th-generation devices made of advanced metal alloy 
and plastic that are engineered to interact with each other to max-
imize mobility and flexibility. 

 Davis summarized his advice by saying that AA remains the 
optimal choice for some patients (e.g., those with arthritis isolated 

to the tibiotalar joint), but that this number is shrinking as new re-

search shows the benefits of TAA with increasing implant and sur-

gical sophistication. Overall, TAA advocates believe that, as TAA 

implants gain sophistication and spare more bone, and surgical 

techniques advance, the populations suited for TAA will continue 

to grow, although AA will likely always be the best choice for cer-

tain patient groups.
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Dr. Foerster is a freelance medical writer in Oxford Station, On-
tario, Canada.
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to advance the practice of acute care 
physical therapy. The Foundation will accept 
applications through August 2, 2018.

Grant eligibility includes only studies 
in which the interventions are provided by 
physical therapists, or selected components 
of the interventions are provided by physical 
therapist assistants under the direction and 
supervision of physical therapists. 

For more information, visit https://foun-
dation4pt.org.
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FRACTURE SOCK TO  
REDUCE IRRITATION

 

New from Elite Orthopaedics is the Frac-
ture Sock, designed to reduce skin irrita-
tion while wearing an ankle walker. The 
latex-free fracture sock is composed of 
100% synthetic knit for superior moisture 
absorption. An improved cross stitch pro-
vides better compression, which helps re-
duce the risk of friction and lessens the risk 
of sock bunching. The product’s overall knit 
quality creates a comfortable barrier for the 
patient’s skin. The Elite Orthopaedics Frac-
ture Sock is designed to work with all ankle 
walkers and is sold individually. The socks 
are available in both high-top and low-top 
versions.
Elite Orthoaedics
800/284-1688
elite-ortho.com

SMU PRESIDENT SHARON 
DIAZ ANNOUNCES  
RETIREMENT
Sharon Diaz will step down as president 
and chief executive officer of Samuel Mer-
ritt University (SMU) in Oakland, CA, by Jan-
uary 2019. In 2002, Diaz was instrumental 
in bringing about the merger of SMU and 
the California College of Podiatric Medicine, 
now called the California School of Podiatric 
Medicine. Diaz was the first president of 
SMU and has been a leader in education 

for 45 years. “It’s been a great honor to 
serve Samuel Merritt University,” said Diaz, 
in her announcement. “I’m proud that the 
university has built a great reputation on 
which to grow.” The SMU Board of Regents 
will conduct a national search for a new 
president and hopes to identify a qualified 
candidate by early fall.

IOWA GOVERNOR SIGNS 
THE PHYSICAL THERAPY 
LICENSURE COMPACT
Iowa Governor Kim Reynolds signed into 
law April 4, 2018 the Physical Therapy Li-
censure Compact (House File 2425). The 
compact is an agreement between mem-
ber states to improve access to physical 
therapy services by increasing the ability 
of physical therapists to work in multiple 
states. The new law found great support 
from the Iowa Physical Therapy Association 
(IPTA) and students and faculty from the 
Des Moines University (DMU) doctor of 
physical therapy program 

HF2425 improves patient access to 
physical therapy services and reduces 
administrative burden on providers by cod-
ifying licensure portability. “This [new law] 
eases the process for physical therapists to 
seek interstate licensure, which will facilitate 
the licensure process for individuals in the 
military, traveling therapists, therapists trav-
eling with athletic teams, or those relocating 
due to a family member’s employment 
change,” said Catherine Stevermer, an 
associate professor of physical therapy at 
DMU. 

Iowa is the 17th state to join the com-
pact, with an additional 5 considering adop-
tion this year. For more information about 
the compact, including a map of member 
states, please visit the official website at 
http://ptcompact.org/. 

APMA REGISTRY READY 
FOR MIPS 2018 REPORTING 
YEAR
The American Podiatric Medicine Associa-
tion (APMA) registry is accepting 2018 Mer-
it-based Incentive Payment System (MIPS) 
reporting data from MIPS eligible practi-
tioners. The 2018 performance period 
score will impact 2020 Medicare payments, 
with a positive, neutral, or negative payment 
adjustment. The information provided by 

participants is also used to demonstrate the 
value of podiatry care.

Practitioners can start the process at 
the APMA Registry Sign-Up Portal, which 
can be accessed from the APMA organi-
zation website. The registry is free to use 
and allows all APMA members to complete 
their ACI and CPIA attestations for the MIPS 
2018 reporting year.

HEEL PAIN ORTHOTIC  
DEVICE

Heel pain affects over 25% of the adult 
population and 20% of the pediatric pop-
ulation. Heel Defender is a patented heel 
orthotic device for off-loading the painful 
heel in both adults and children. Heel De-
fender is designed to remove the impact 
force from the heel, allowing for comfort-
able walking and standing while heel pain 
is being treated. The orthotic device is con-
structed with proprietary Sorbothane,  a vis-
co-elastic material that reportedly absorbs 
94.7% of impact. Heel Defender is qualified 
for the management of calcaneal apophysi-
tis (Sever’s disease) in children, allowing for 
60-70% reduction of impact force on the 
heel which means kids can maintain activi-
ties and sports while undergoing treatment. 
Other conditions that can be managed in-
clude plantar fasciitis, heel spur, bone con-
tusion, hematoma, heel bursitis, heel pad 
chronic inflammation, growth plate injury, 
tendonitis, arthritis, and more.
Heel Defender
305/662-1444
defenderops.com
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PODIATRY CARE MAY  
LEAD TO REDUCED  
HOSPITALIZATIONS AND 
OPIOID PRESCRIPTION, 
STUDY SHOWS
A New York State Podiatric Medical Asso-
ciation (NYSPMA) survey, initiated in late 
2017, has found that expanding podiatry’s 
role in health care may lead to reduced 
hospitalizations, long-term health care 
costs, and opioid prescription in 4 target 
groups: diabetes, obesity, substance abuse/
back pain, and fall prevention. Improvement 
in health care in these conditions aligns 
with New York’s Delivery System Reform 
Incentive Payment program health goals. 

NYSPMA contracted with Navigant 
Consulting last year to conduct the study 
to assess the value of podiatric services in 
helping to reach state goals in these 4 tar-
get conditions. The ensuing report, released 
in April, indicates that patient utilization of 
podiatric services could lead to reductions 
in adverse problems and to increased 
cost-savings, particularly among people 
with chronic back pain in conjunction with a 
podiatric-related condition. 

The opioid epidemic has been a fre-
quent topic of discussion in the news and 
with lawmakers. According to the NYSPMA, 
the number of drug-related overdose 
deaths in New York increased by 20% 
between 2014 and 2015, and the Centers 
for Disease Control and Prevention reports 
that 33,091 deaths from opioid overdose 
occurred nationally in 2015. The NYSPMA 
survey estimates that utilization of podiatric 
services may reduce opioid dispensation 
for chronic back- and podiatric-related pain 
diagnoses to 18,000 people per year, a 
reduction of 28%. 

In addition, the study found that hospi-
talizations for foot ulcers treated by podia-
trist could be reduced by as much as 37%. 
Potential healthcare savings across podia-
try-related conditions could reach as much 
as $510 million in 1 year. NYSPMA says 
that in New York alone 1.6 million people 
with diabetes have foot ulcers, which are 
the leading cause of hospitalizations among 
people with diabetes.

The full white paper, “Podiatric Services 
Deliver Value and Improved Health Out-
comes,” is available upon request from the 
NYSPMA at http://www.nyspma.org/aws/
NYSPMA/pt/sd/news_article/157507/_
PARENT/layout_details/false

ADVISORY BOOK FOR  
PARENTS OF CHILD  
ATHLETES 

PNEU

MATIC WALKER

#HeySportsParents is a new advisory book 
written by Sharkie Zartman and Dr. Robert 
Weil. The book is intended for parents with 
children playing sports. The first segment of 
the book (Sports Parenting 101) covers the 
basics of parenting a young athlete, including 
the perks and pitfalls of youth sports, how 
to choose the right program, how to feed a 
young athlete, what a parent’s role should 
be, how to coach one’s own child, how to 
navigate the college recruiting process, and 
stress management. The second segment 
of the book (The Sports Doctor is In) shares 
valuable tips on sports safety, the dangers of 
overtraining and specializing too soon, and 
the real dangers of contact sports and con-
cussion. Zartman is a former All-American 
volleyball athlete and champion competitor 
at UCLA. Weil is a sports podiatrist and the 
host of The Sports Doctor Radio Show.
#HeySportsParents
630/898-3505
http://bit.ly/HeySportsParents

PT REFERRAL RATES 
NEARLY HALVED  
BETWEEN 2003 AND 2014
A study recently published in the April issue 
of Journal of General Internal Medicine has 
found that primary care physician referrals 
to physical therapists for musculoskeletal 
conditions declined by nearly half over a 
12-year period, while referrals to specialists 

during that time increased by a similar rate. 
The researchers analyzed data from the Na-
tional Ambulatory Medical Care Survey for 
all musculoskeletal-related visits from 2003 
to 2014. 

The survey captures data on patients 
and visit characteristics, diagnoses, ser-
vices, and ordered tests and includes 
referrals for physical therapy. The rate of 
referral to physical therapists decreased 
from 94.4 per 1000 visits to just 42.9 per 
1000 (−45.4%), with similar trends noted 
in 3 diagnostic subgroups: arthropathy, 
spine disorders, and soft tissue disorders. 
Referrals to specialists increased at approx-
imately the same rate over the 12-year 
period studied.

Although the authors drew no conclu-
sion as to why this trend is occurring, they 
re marked that it is at odds with the current 
direction of health care, saying the need for 
allied health care providers for delivery of 
high-value care will likely continue to grow. 
Source
Freburger JK, Khoja S, Carey TS. Primary care physi-
cian referral to physical therapy for musculoskeletal 
conditions, 2003-2014 [published online April 5, 
2018]. J Gen Intern Med. 2018: doi: 10.1007/
s11606-018-4426-6.

PRO SELECT FULL SHELL 
PNEUMATIC WALKER

The Pro Select Full Shell Air Walker from Elite 
Orthopaedics, Inc. features a full circumfer-
ence shell design that provides controlled 
immobilization of the lower leg, ankle, and 
foot. A breathable insole, featuring pat-
ent-pending technology, allows for air to cir-
culate to prevent the accumulation of heat 
during patient usage. Small perforations work 
to prevent humidity and help heat escape. A 
soft, flexible front panel connector with multi-
level adjustability encourages a customized 
fit. An ultra-low heel height, in conjunction 
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with a rocker bottom sole, helps to achieve a 
more natural gate pattern and reduces pelvic 
tilt, which mitigates secondary hip and back 
pain during use. Easy pneumatic control is 
achieved via a tool-free, fully integrated air 
pump and release valve. The inflatable air 
chamber completely embraces the foot from 
ankle joint to midfoot with an adjustable and 
removable toe guard, which serves to pro-
vide additional protection.
Elite Orthopaedics, Inc.
800/284-1688
elite-ortho.com

INFINITE SOCKET 

Every human limb is different and changes 
over time, whether due to volume fluctuation, 
or painful skin breakdown. LIM Innovations 
now offers a customizable solution to combat 
volume fluctuation by providing a dynamic 
socket interface that can be adjusted by pa-
tients. Comprised of a modular carbon fiber 
frame, anti-microbial materials, and built-in 
adjustability, the Infinite Socket product line 
for below-knee and above-knee amputees, 
can be loosened and tightened to achieve 
optimal stability and comfort. Every aspect 
of the Infintite Socket TT and TF has been 
designed to mimic human anatomy to aid 
mobility and to enhance the quality of life for 
amputees. Contact the company for more 
information.
LIM Innovations
866/906-0075

liminnovations.com/landing-page

APTA POSTS 2018 HOUSE 
OF DELEGATES MOTIONS
The American Physical Therapy Association 
(APTA) posted on May 18 the official packet 
of motions to be considered by the 2018 
House of Delegates when it meets June 25-
27 in Orlando, FL. Packet I with Background 
Papers contains 57 motions includes 4 by-
laws amendments that are coming before 
the 2018 House of Delegates. Contact AP-
TA’s Cheryl Robinson with any questions.

SECOND EDITION OF  
NEUROSCIENCE  
CLINICAL GUIDE

The revised second edition of Pain Neuro-
science Education: Teaching People About 
Pain is now available exclusively from OPTP. 
Written by physical therapists Adriaan Louw, 
Emilio Puentedura, Steve Schmidt, and Kory 
Zimney, this clinical guide contains significant 
updates and new content, explaining how to 
teach patients about pain. The authors deliver 
an evidence-based perspective on how the 
body and brain work together to create pain, 
teach how to convey this new view of pain 
to patients in a way that’s easily understood 
and internalized, and demonstrate how to 
integrate pain neuroscience education into 
your practice. Covered in the book are topics 
such as the relationship between cognition 
and pain, concepts of pain neuroscience 
education (PNE), practical applications of a 
PNE program, and how to integrate PNE into 
movement-based practice. The illustrated, 
536-page textbook complements the full 
family of neuroscience teaching resources 
for clinicians and patient education books by 
Adriaan Louw. 
OPTP
800/367-7393
optp.com

FOUNDATION ANNOUNCES 
2018 SCHOLARSHIP AND 
GRANT OPPORTUNITIES
The Foundation for Physical Therapy is 
accepting applications for the 2018 Flor-
ence P. Kendall Doctoral Scholarships and 
the 2018 Research Grants. The Kendall 
Post-Professional Doctoral Scholarships 
assist physical therapists and physical ther-

apist assistants with outstanding potential 
who are in their first year of post profes-
sional doctoral degree studies. The $5,000 
awards are given to meet tuition expenses 
or academic fees associated with a doctoral 
program. Application deadline is August 2, 
2018, at 12:00 pm ET. For more informa-
tion and a listing of available scholarships 
and grants, please visit the official website 
at https://foundation4pt.org/funding-oppor-
tunities/research-grants/.

TPE AUDIT SHOWS SHARP 
DECLINE IN IMPROPER 
CLAIM PAYMENT RATE
An initial Target, Probe, and Educate (TPE) 
audit for Jurisdiction D conducted by No-
ridian Healthcare Solutions has found an 
improper claim payment rate of 19% for 
4 HCPCS codes: L4360, L4361, L4386, 
and L4387. The codes relate to walking 
boot style orthoses. Previous improper 
payment rates for these codes have ranged 
from 66% to 100%. Noridian Healthcare 
Solutions serves as the Jurisdiction A and 
Jurisdiction D Durable Medical Equipment 
Medicare Administrative Contractor. The 
TPE program provides up to 3 rounds of 
audits with personalized provider education 
after each round designed to address the 
specific reasons for claim denial. The full 
report can be viewed at https://med.norid-
ianmedicare.com/web/jddme/cert-review/
mr/review-results/afo-kafo-quarterly-results-
of-tpe-review.

DMU STUDENTS EXERCISE 
WITH PARKINSON’S  
PATIENTS
In the spring, physical therapy and podi-
atric medicine students from Des Moines 
University in Iowa partner with patients who 
have been diagnosed with Parkinson dis-
ease (PD) for weekly evenings of dancing, 
singing, and other forms of mild exercise. 
PD affects the part of the brain that controls 
selection of movement patterns, such as 
walking and other motor activities. Scientific 
evidence has demonstrated that dancing 
and moving may improve patient quality of 
life. Music provides its own benefits, engag-
ing the brain through pathways not affected 
by the disease. 

The program also allows the students, 
who may not be seeing much clinical prac-
tice in their first years at school, an opportu-
nity to interact with patients in a real-world 
setting.  

The dance program is organized and 
funded by the American Parkinson Disease 
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Association (APDA)-Iowa Chapter, which 
provides patient services and educational 
programs and helps to elevate public 
awareness. APDA’s Becky Robel created 
the program, and Kristin Lowry, Ph.D., assis-
tant professor of physical therapy at DMU, 
is a member of the chapter’s board.

MICROFIBER SHADES 
ARGYLE COMPRESSION 
SOCKS

Sigvaris offers a new fun and colorful 
addition to its popular line of Microfiber 
Shades line of compression stockings – the 
Argyle. All Microfiber Shades compression 
socks, including the Argyle, are designed 
to incorporate advanced microfiber tech-
nology to provide ultimate comfort while 
also providing excellent breathability and 
moisture management. The compression 
stockings incorporate double-covered inlay 
yarns. The use of these yarns in the design 
allows the Microfiber Shades stockings to 
easily glide on and off for easing donning. 
The new Argyles are available for both men 
and women in 15-20 mmHG and 20-30 
mmHG. The Argyle compression stockings 
are available in four colors: pink, purple, 
graphite, and royal blue.

SIGVARIS
770/631-1778
sigvaris.com

AMERICAN ACADEMY OF 
PODIATRIC SPORTS  
MEDICINE ELECTS NEW 
PRESIDENT
Magali “Maggie” Fournier, DPM, a sports 
medicine podiatrist in LaCrosse, WI, has 
been elected president of the American 
Academy of Podiatric Sports Medicine 
(AAPSM). Originally from Quebec, Dr 
Fournier moved to the United States to 
study at New York College of Podiat-
ric Medicine. She graduated in 2001. 
Also elected were Clint Laird, DPM, Port 
Charlotte, FL, as vice president; Howard 
Osterman, DPM, Washington, DC, as secre-
tary-treasurer. 

For additional information on the 
American Academy of Podiatric Sports, visit 
www.aapsm.org or contact Executive Direc-
tor Rita Yates at ritayates2@aol.com.

BIONIC KNEE BRACE

Levitation from Spring Loaded Technology 
is the world’s first compact bionic knee 
brace. According to the company, Levita-
tion is the only brace that can significantly 
reduce pressure throughout the knee while 
enhancing strength to alleviate pain and 
improve mobility for people with damaged 
knees. Independent research has shown 
that Levitation’s tri-compartment unloading 
system can decrease knee joint loads by 
up to 64%. As the user bends, the brace’s 
bionic hinge acts similar to a car’s suspen-
sion system to increase stability and reduce 
pain, enabling many patients to crouch, 
squat, and even lunge without pain. As 
legs straighten, the brace assists the thigh 
muscles to help reduce compression in 
the knee joint. Levitation is often used for 
osteoarthritis, as well as to help manage 
the symptoms of ligament and meniscus 
injuries. 
Spring Loaded Technology
877/209-8780
Springloadedtechnology.com

DILLON COMPLETES  
AOPA-FUNDED  
SYSTEMATIC REVIEW 
PROJECT
Michael Dillon, PhD, of La Trobe University, 
Melbourne, Australia, has completed his 
project, “Evaluating outcomes of dysvascu-
lar partial foot and transtibial amputation: a 
systematic review for the development of 
shared decision making resources.” The re-
view was funded by the American Orthotic 
Prosthetic Association. The project resulted 
in the publication of 6 articles in peer-re-
viewed journals, including a systematic 
review protocol1; 2 systematic reviews2,3; 
an expert clinical viewpoint article that de-
scribes the development of the decision aid 
and discussion guide4; and 2 translational 
pieces challenging long-held views about 
the association between amputation level 
and mortality rates, as well as increasing 
amputation prevalence.5,6 The review was 
registered with PROSPERO in 2015.

In addition, Dr Dillon developed the 
first decision aid and discussion guide to 
support decisions about dysvascular ampu-
tation and presented the work in 7 keynote/
invited addresses. Work on the project be-
gan in 2015.
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