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A NOTE FROM THE EDITORIAL STAFF:
Welcome to the 24th volume of the National Foot and Ankle Review (NFAR), an academic journal
produced by students at the California School of Podiatric Medicine (CSPM) at Samuel Merritt
University. Each article is written by student authors and is peer-reviewed by student editors
throughout the course of the academic school year.
As an editorial team, we thank all the student authors who submitted manuscripts for review. We
wish our fellow students success in their future endeavors and a rewarding lifetime of learning. It
was a pleasure working with you all.
Next, the editorial staff would like to gratefully acknowledge our faculty advisor, Dr. Eric D.
Stamps, for his invaluable guidance and keen editorial eye. We also thank Dr. Albert Burns, the
founder of this journal, for his many years of dedication.
We dedicate this volume of the National Foot and Ankle Review to Dr. Johanna Richey, who
inspires students to get more involved with research and become more empathetic physicians.
Finally, thank you for your support and readership of the National Foot and Ankle Review. We are
proud to present the final product of our work this year.
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Association Between Plant-Based Nutrition and Gout:
A Review of the Literature
Gurdrishti Dhawan, M.P.H., BMSc, Alexander Gilroy, D.P.M, B.S.
ABSTRACT
Gout is the most prevalent inflammatory arthritis
worldwide. Dietary counseling is integral to gout
management and treatment in combination with
urate-lowering pharmacologic therapy. Traditional
dietary recommendations include reducing purinecontaining foods and beverages such as meats, organ
meat, seafood, legumes, and alcohol. Plant-based diets are associated with a reduced risk of chronic diseases due to their protective effects on BMI, cholesterol, blood pressure, HbA1c, and lipid levels. Currently, there is limited evidence in the literature
regarding the impact of plant-based diets on serum
urate levels and gout risk. This literature review summarizes the current evidence examining the association of plant-based diets with hyperuricemia and
gout, elucidates biochemical mechanisms contributing to diet-associated health effects, and guides clinicians with practical dietary recommendations. A literature search of PubMed was conducted by two independent authors yielding the incorporation of 26
peer-reviewed English language articles. Plant-based
diets that incorporate moderate amounts of low-fat
dairy exert a protective association on serum urate
levels and risk for developing gout. Purely vegan diets may increase hyperuricemia risk due to the high
purine load of soy in meat alternative foodstuffs.
Healthy plant-based diets should be incorporated in
the dietary guidelines designed to prevent and treat
hyperuricemia and gout.
INTRODUCTION
The clinical manifestations of gout arise from an
overaccumulation of uric acid in the body secondary
to increased production during purine catabolism or
impaired renal clearance or both. Hyperuricemia is
deemed pathological at serum uric acid (SUA) levels
above 6 mg/dL increasing the cumulative risk of developing gout.1 Subsequent crystallization of uric

acid with sodium ions into monosodium urate (MSU)
crystals precipitate within articular and non-articular
structures eliciting the inflammatory response known
as gouty arthritis.2 Acute gouty arthritis is the first
clinical stage of gout—classically presenting as
mono-arthritis of the first metatarsophalangeal joint
of the lower extremity associated with severe pain,
edema, and erythema. Acute gouty arthritis may transition into chronic gouty arthritis, defined as persistent joint inflammation lasting longer than 10 years.
Inter-critical asymptomatic periods can occur between gouty attacks, but these periods become
shorter and less defined over time. A hallmark of
chronic gout is tophus which often presents clinically
in joints, subcutaneous tissues, or tendons as a palpable nodule comprised of MSU crystals and granulomatous tissue.3
Epidemiology and public health significance
Gout is the most prevalent inflammatory arthritis
in adults in the United States, carrying a significant
economic and humanistic burden. The direct patient
cost of gout ranges from $3,000-$21,467 per annum,
with an overall health care cost of greater than $7 billion per year in the United States.4-5 Similarly, gout is
a physically debilitating disease associated with decreased quality of life and increased mean annual
workday losses compared to persons without gout.5
Risk factors
Genetic and environmental risk factors contribute to the development of hyperuricemia and gout.
Variability in the genetic material coding for urate
homeostasis has been associated with altered SUA
levels. Likewise, twin and ancestry genome-wide association studies have also elucidated genetic susceptibility to gout. Environmental risk factors include
BMI, medication, diet, and comorbidities. Studies
show increased BMI; medications such as diuretics,
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cyclosporin, beta-blockers, aspirin, and lipid-lowering agents; diets high in purine; and lymphoproliferative, metabolic syndrome, and myeloproliferative disorders also increase the risk of developing gout.6
METHODS
A systematic search of literature published in
PubMed was conducted for comparative research investigating the effects of dietary influences on the
risk of developing gout. Two independent authors
completed the literature search. Search terms

included: gout, plant-based diets, purine, hyperuricemia, vegan, uric acid, diet, economic, and etiology.
English articles published between 1995-2021 are selected. Review articles, randomized controlled trials,
cohort studies, cross-sectional studies, and meta-analyses are included in the literature review. The following parameters are extracted from the included articles: sample size, sample population, study design,
interventions, primary/secondary outcome measure(s), and results. No statistical analyses are performed in this literature review.

Food Item
Beer

SUA level increase (mg/dL)
0.46 per drink per day

Liquor

0.29 per drink per day

Meat

0.48 (adjusted for lowest to highest
intake)
0.16

Seafood
High-fructose corn syrup soft
drinks

Low-fat Milk

Yogurt
Coffee

<0.5 servings/day increases SUA
by 0.08; 0.5-0.9 servings/day increases SUA by 0.15, 1.0-3.9 by
0.33 and ≥4 by 1.82
1.0 serving/day lowers serum urate
-0.25

1.0 serving/day lowers serum urate
-0.26
4-5 cups/day reduce SUA by 0.26
and ≥6 cups per day reduce SUA by
0.43

Comments
Alcoholic beer increases SUA by
6.5% and non-alcoholic beer increases it by 4.4%
Purine load may increase UA levels
rather than alcohol content
Total protein intake not associated
with increased SUA levels
Every additional weekly seafood
serving increases risk by 7%
The only known carbohydrate to increase SUA levels is fructose.

One randomized control trial
showed that every type of skim
milk examined decreased SUA by
~10%.
-

Adjusted for differing coffee consumption, BMI and other confounding variables, higher coffee intake
still lowers SUA levels; caffeine
was not shown to play a role in
SUA levels
Vitamin C
500 mg/dL of vitamin C for two
Animal and in vitro studies demonmonths reduced SUA level by an
strate vitamin C’s uricosuric efaverage of -0.5
fects, reduction in urate production
and lowering SUA levels.
Table 1. The Association between Diet and Gout. The effects on SUA levels of the following food items measured in mg/dL: beer, liquor, meat, seafood, high-fructose corn syrup soft drinks, low-fat milk, yogurt, coffee, vitamin C7.
Plant-Based Diet and Gout
Plant food sources naturally contain 7 to 70 mg
of purine per 100 g of food, whereas animal food
sources contain 120 to over 400 mg of purine per 100
g of food.8 The definition of “plant-based diets'' varies widely. Some publications categorize plant-based
diets as follows: semi-vegetarian (lower frequency of
animal products), pesco-vegetarian (seafood with or

without dairy), lacto-ovo-vegetarian (eggs and dairy),
and vegan (no animal products).9 The potentially beneficial role of plant-based diets in reducing the risk of
noncommunicable diseases has been increasingly
documented in the literature. Experimental studies
have shown that plant-based diets successfully prevent and treat metabolic and cardiovascular diseases.9-13 The protective influence of plant-based
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diets for hyperuricemia and gout remains controversial as foods staple to plant-based diets (vegetables,
legumes, etc.) contain high purine content, which biochemically degrades to the end-product urate, increasing SUA levels. Conversely, the alkalinity of
plant-based foods is thought to promote UA excretion
through alkalization of the urine since UA is actively
reabsorbed in circulation under acidic conditions.14
Research has investigated the efficacy of plantbased diets in preventing and managing gout. Studies
consistently show an increased prevalence of hyperuricemia in populations eating energy-rich animal
meats high in purine content. A cross-sectional study
from Southwest Medical University reported a higher
prevalence of hyperuricemia in populations eating
predominantly animal products versus soy legume
products and fruit. Another cross-sectional study
found high seafood diets as a risk factor for developing hyperuricemia and gout.15 While regional similarities between these two studies may limit their extrapolation to the general population, both propose
detrimental effects of predominant animal-based diets
and protective effects of plant-based diets on SUA
levels.
Similarly, a study in Germany with male subjects
found that compared to a balanced omnivorous diet,
men consuming a lacto-ovo-vegetarian diet displayed
a 93% reduced risk of UA crystallization.16 The
EPIC-Oxford study was a cross-sectional analysis
comparing SUA concentrations in meat eaters, fish
eaters, vegetarians, and vegans. Researchers found
that for males, vegans displayed the highest SUA
concentration (340µmol/L), followed by meat-eaters
(315 µmol/L), fish eaters (309 µmol/L), and lactoovo-vegetarians (303 µmol/L). For females, the trend
decreased with vegans again displaying the highest
SUA concentration (241 µmol/L), followed by meateaters (237 µmol/L), then lacto-ovo-vegetarians (230
µmol/L), and fish eaters (227 µmol/L).12 A large prospective study following two cohorts in Taiwan
(4903 participants for 5-years in the Tzu Chi Health
Study and 9032 participants for 9-years in the Tzu
Chi Vegetarian Study) found that in both cohorts,
vegetarians and vegans had lower baseline SUA levels compared to omnivore counterparts.17 Unlike the
results of the EPIC-Oxford study, the Tzu Chi cohorts study found that, at the end of the study period
in both cohorts, vegans had lower concentrations of
SUA compared to meat and fish eaters. This difference may exist because the EPIC-Oxford vegan diet
comprised higher volumes of fructose-rich drinks
than the vegan diet described in the Tzu Chi study.
Prior studies found a positive association between
fructose consumption and the incidence of gout,
which could explain the elevated SUA concentrations
seen in male and female vegans in the EPIC-Oxford

study.18 Both the Tzu Chi and EPIC-Oxford studies
reported the lowest SUA concentrations in lacto-ovovegetarians compared to meat-eaters and vegans.14,17
An important constituent of plant-based diets is
soy-based and non-soy-based legumes (chickpeas,
peas, beans), of which the former introduces higher
loads of purine into the diet. Inversely, a large prospective cohort study found that plant-based diets
consisting primarily of either soy or non-soy legumes
are both associated with a decreased risk of gout
without a significant difference between the diets. It
is hypothesized that although soy-based foods have
higher purine content, the ingested amounts in a typical plant-based diet are too low to produce a clinically notable increase in SUA concentrations.19
Studies have also found that certain animal products exert a urate-lowering effect. The National
Health and Nutrition Examination Survey found that
persons who consumed milk at least once a day had
lower serum urate concentrations than persons who
do not consume milk.20 Similarly, Dalbeth et al.
(2010) reported an inverse relationship between consumption of dairy products and the relative risk of developing gout in a prospective study observing
47,000 men. Men who drank greater than two glasses
of low-fat milk displayed a lower gout incidence than
men who drank less than one glass per month.21 A
similar decrease in the incidence of gout with increasing intake of low-fat skim milk was found in a
prospective study observing 92,224 women. 22 The
National Health and Nutrition Examination Survey
reported that yogurt consumption also significantly
lowered SUA levels; however, cheese consumption
was not shown to exert gout-protective effects.20 The
effects of dairy products on serum urate concentrations were further elucidated in an interventional
study assigning participants to consume 30 g of dairy
protein daily or 0 g of dairy protein daily. Serum
urate concentrations remained unchanged in the
dairy-consuming group and increased by 0.13mg/dL
in the dairy-free group.23 The gout-protective effect
of dairy products was initially hypothesized to result
from increased uric acid secretion in response to dietary calcium intake; however, randomized controlled
trials failed to find an inverse correlation between
consumption of calcium supplementation and lowered UA levels.22 The lipid, carbohydrate, and protein
components within dairy are believed to dampen the
inflammatory response mounted by the body to MSU
crystals. In-vitro and in-vivo studies observed that
dairy fractions consistently inhibited the inflammatory cascade pathway by lowering interleukin protein
expression. Low-fat milk extract fractions inhibited
IL-8 gene and protein expression, whereas standard
fat milk fractions increased IL-8 expression.24 As
plant-based diets often substitute animal milk for soy-
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based milk, researchers also investigated whether
soy-based dairy products exert similar gout-protective effects. In a randomized controlled study in
healthy male volunteers, the effects of skim milk,
soymilk, and ultrafiltered skim milk on serum urate
concentrations were investigated.22 Due to soy containing high concentrations of purine-containing nucleotides, ingestion of soy milk increased serum urate
concentrations by 10% whereas skim-milk decreased
serum urate concentrations by 10%.22 The hyperuricemia promoting effects of soymilk was also seen
in infants fed soymilk-based formula versus infants
fed cow’s milk-based formula for 2 weeks, wherein
soymilk fed infants had higher SUA (4.1-4.4 mg/dL
vs. 2.4-2.7 mg/dL, respectively).25
DISCUSSION
Diet modification allows clinicians to impact patients’ risk for developing hyperuricemia/gout and allows for the management and treatment of pre-existing gout adjunct with pharmacologic therapy. Varying degrees of restrictions on animal food
consumption have been shown to influence SUA concentrations. The vegan diet, defined by the complete
omission of animal-based food, may potentiate hyperuricemia risk if soy-based protein substitutes in high
quantity are ingested due to the higher purine load of
soy. Research illustrates that unbalanced vegan diets
consisting of excessive soy and fructose intake increase the risk of gout when compared to the typical
Western omnivorous diet. However, typical vegan diets generally ingest soy in acceptable amounts and
were not associated with an increased risk of gout. If
adherence to a vegan diet is desired, replacing highpurine plant foods with lower-purine plant foods is
recommended, such as soy to non-soy legumes and
dairy beverages, spinach to kale, broccoli to cauliflower, and fructose juices to tea. Research shows
that plant-based diets with the incorporation of moderate quantities of low-fat dairy (lacto-ovo-vegetarians) exert the highest gout protective effects when
compared to vegan and standard omnivorous diets.
Low-fat dairy products are key to gout management
due to their anti-inflammatory properties, whereas
standard-fat dairy products exert pro-inflammatory
effects, potentially exacerbating gout symptoms.
Limitations
Limitations of our study include: (1) Varying
definitions of “plant-based diet” in the scientific literature limits the comparability of results between studies. (2) Many studies comparing omnivorous vs.
plant-based diets often categorize vegetarian and vegan diets under the same cohort. This limits the ability to discern the true association between plantbased diets and gout as vegetarians often consume

dairy or egg-based animal products which are linked
to lower SUA values. (3) Lack of randomized controlled trials exist in the literature controlling for the
parameter of exclusive plant-based diets on SUA diminishing the quality of available evidence. (4) Studies included in this literature review predominantly
investigated homogenous study participants from
specific backgrounds, limiting the generalizability of
results.
CONCLUSION
Individual risk for hyperuricemia and gout encompasses a complex interplay between nonmodifiable risk factors such as race, genetics, age, and gender, and modifiable risk factors such as diet, lifestyle,
and BMI. Modifiable risk factors represent potential
areas of intervention targeted to reduce the individual
and population burden of hyperuricemia and gout.
The results of this literature review present strong evidence that consuming plant proteins, nuts, vegetables, legumes, whole grains, low-sugar fruits, and
moderate intake of low-fat dairy products present a
clinically viable solution to preventing and managing
gout and gout-associated comorbidities.
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A Literature Review of Nail Bracing
In the Treatment of Onychocryptosis
Salma Haider, M.P.H., B.S., Anne Thomas, B.S., Kirthana Srikanth, M.S., B.S.,
Allison Anguren, B.S., Aman Batra, B.S.
ABSTRACT
Introduction: There are many techniques used for the
treatment of onychocryptosis. Although surgical procedures are commonly used to treat onychocryptosis,
invasive techniques are associated with a higher rate
of complications, especially in patients with complex
comorbidities. The ideal treatment for onychocryptosis should have high efficacy and low complications.
This literature review compares the efficacy, recurrence rate, and patient satisfaction of nail brace treatment to surgical modalities for the treatment of onychocryptosis.
Methods: A literature search was conducted using the
PubMed database using keywords: onychocryptosis,
dystrophic nail, dystrophic nail population, nail bracing, nail brace techniques, surgical nail treatment. Inclusion criteria were studies comparing nail bracing to
surgical procedures and studies analyzing nail bracing
efficacy and patient satisfaction. Publications reporting systematic and literature reviews, retrospective
and prospective studies, randomized clinical trials, and
case reports were included in this review. Non-English
language articles were excluded.
Conclusion: This literature review examined the use
of a nail brace as a therapeutic option for onychocryptosis. Based on this review, the use of nail-bracing is
efficacious, cost-effective, associated with low complication rates, and produces low post-treatment discomfort inpatients with onychocryptosis.
INTRODUCTION
Onychocryptosis is a common nail disorder that
affects 2.5-5.0% of the general population.1 In this
condition, the nail plate edge penetrates the periungual
dermis resulting in inflammation that can negatively
impact one's daily activities and quality of lifeMany
forms of onychocryptosis treatment, both surgical and

conservative, are available. Although surgical methods are considered efficacious, the manipulation of
the nail matrix or nail fold during a surgical procedure
may cause postoperative complications including
chemical burns and delayed wound healing.2,3,4 In contrast, nonsurgical treatment modalities are simple to
perform and have been shown to have a low complication rate. In particular, nail bracing has been proven
to be an effective and comfortable treatment for children and for those who are poor candidates for a surgical procedure.. This literature review compares the
efficacy, recurrence rate, and patient satisfaction of
nail brace treatment to surgical modalities for treating
onychocryptosis.
METHODS
A search of literature published prior to October
10, 2021 for studies related to onychocryptosis treatment was performed. The PubMed database was examined with the search terms “ingrown nail”, “onychocryptosis”, “dystrophic nail”, “dystrophic nail population”, “nail bracing”, “nail brace techniques”,
“surgical nail treatment.” Inclusion criteria were studies comparing nail bracing to surgical procedures and
studies analyzing nail bracing efficacy and patient satisfaction. Publications reporting systematic and literature reviews, retrospective and prospective studies,
randomized clinical trials, and case reports were included in this review. Non-English language articles
were excluded.
RESULTS
In our final review, 16 publications were selected:
one systematic review, one literature review, one randomized clinical trial, six prospective studies, six retrospective studies, and one case report.
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Table 1. Heifetz Classification7,8
Stage

Clinical Presentation

1

swelling, erythema, mild edema, pain with applied pressure

2

swelling, seropurulent exudate, nonhealing wound

3

hypertrophic granulation tissue, chronic inflammation, chronic induration

DISCUSSION
Overview of Onychocryptosis
Nail development begins from the germinal matrix and grows towards the hyponychium. The
eponychium, located between the skin and the nail
plate, serves to protect the nail matrix from infection.
The perionychium is located on the medial and lateral
aspects of the nail plate and is a common site for onychocryptosis. The formation of onychocryptosis occurs when the nail groove disappears and the periungual skin is punctured by the corresponding nail plate.3
The disappearance of the nail groove is attributed to
pressure and friction from shoes. Other predisposing
factors for ingrown toenails include improperly
trimmed nails and injury.5,6
The optimal treatment for onychocryptosis is dependent on the Heifetz classification stage and degree
of inflammation. Heifetz classification stage 1 ingrown toenails are characterized by swelling and redness of the external fold because of inflammation and
are typically treated conservatively.7 Without adequate treatment, onychocryptosis may result in hypertrophy, granulation tissue, infection, and recurrence. 8
Surgical treatment is often considered for ingrown toenails in Stage 2, which present with seropurulent
drainage, and Stage 3, which demonstrate chronic inflammation and granulation.7
Types of Nail Braces
While surgery has been preferred for onychocryptosis treatment in the United States, in Europe toenail
bracing is used. An advantage of nail bracing is that it
can be extended to the treatment of high-risk populations such as children, patients with diabetes mellitus,
and patients with local infection.2,4 Each brace is made
from steel wire or plastic and customized for the patient following nail measurements. The wires span the
dorsal aspect of the nailplate and are secured under the
lateral edges of the nail. Braces can be covered so that
patients can continue using regular footwear. The
pressure applied by the nail braces can modulate the
growth pattern of the nail.9 The amount of pressure is
reviewed each month and modified as needed.10 The
Oniko, Polyethylene, Combiped®, One-sided brace,
and VHO-Osthold® are examples of nail braces that
are currently used.

The Oniko Nail brace is a 0.4 mm steel wire with
two hook-like projections on both sides and a dental
string in the middle that is fixed to one side.8 The
“hooked” projections are secured beneath the lateral
edges of the nail which helps decrease the curvature of
the nail plate. The brace is then fixed onto the toenail
with hypoallergenic tape.
The polyethylene nail brace, a plastic brace that
covers the entire dorsal aspect of the nail, is secured to
the nail matrix and grows out with the nail, achieving
the correct nail curvature and to prevent onychocryptosis.9
The CombiPed® brace consists of a wire, also
placed on the dorsal surface of the nail 11 that extends
to the edge of the nail where the offending part of the
nail plate is located. It is attached on the opposite end
of the nail plate to a plastic pad that is secured with
adhesive. For active individuals, this plastic pad can
be covered with nail gel to help prevent loosening
while wearing shoes. Additionally, the CombiPed®
technique can also be extended to patients who are experiencing nail bed atrophy and lateral nail fold hypertrophy. The Podofix® uses a plastic brace which covers the entire dorsal surface of the nail. Within the
brace, a metal loop is placed to increase the pressure
applied to the nail. An adhesive secures the brace to
the dorsal aspect and the wires are twisted to apply appropriate pressure to the nail edges.11 Combination
techniques of the CombiPed® and Podofix®, which
accelerate treatment, use the hooks of the CombiPed®
to apply sufficient force to the nail plate while the
Podofix relieves the pressure on the surrounding tissue.
In the one-sided brace, the wire is hooked and attached to the nail rim of the affected side. The wire is
then pulled across the nail plate, creating tension, and
glued onto the dorsal surface of the nail. The bending
force from the wire helps re-educate the nail. The easily adjustable wire makes the one-sided brace useful
for onychocryptosis of lesser toes.12
Lastly, the VHO-Osthold® nail brace is composed of three components: two arms and a chromium
steel wire connecting loop. The two arms are placed
on either side of the nail and the connecting loops are
tied around the hooks of the two arms then twisted together at the ends. This applies tension to all three
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parts of the brace and directs it to the nail's edges, lifting it out of the fold and relieving pressure on inflamed
tissue.13

Figure 1. A, An ingrown lateral nail fold. B, The same
nail treated with the VHO-Osthold® brace 1.5 months
later. Reprinted with permission from APMA.
SURGICAL TREATMENT VS. NAIL BRACING
Oniko Nail Brace® vs. Winograd Procedure
While the Winograd surgical wedge resection
technique is considered a simple and safe procedure
for treating onychocryptosis, it has been associated
with a longer recovery period and a high recurrence
rate.14 The Winograd technique is associated with a recurrence rate up to 73%, significant postoperative
pain, low patient satisfaction, and suboptimal cosmetic
results.1.
In conteg, the Oniko nail brace technique has a
brief recovery period. For example, a study of 159 participants conducted in Turkey showed that the participants in the nail brace group returned to work in a
shorter time period compared to participants placed in
the Winograd technique cohort (4.15 +/- 1.07 days
versus 13.8 +/- 2.26 days). The study also found that
the patients displayed a higher satisfaction in the nail
brace group (94.6%) compared to the Winograd technique group (82.4%). In addition, the results showed
that there was a 12.46 +/- 1.60 month recurrence for
an ingrown toenail for the nail brace group in contrast
to 13.24 +/- 2.48 month for the Winograd technique
group.14
The Oniko nail-brace is an adequate, cost-effective, and comfortable treatment. It can be used on children, patients with diabetes mellitus, peripheral

arterial disease, and patients with local infection.
Lastly, the Oniko nail-brace technique is relatively
easy to apply. 14
VHO-Osthold® Nail Brace vs. Emmert’s Procedure
The Emmert’s procedure is similar to the Winograd-type procedure favored in the United States, and
is often used in the UK as a surgical treatment option
for onychocryptosis. Higher pain levels, lengthier periods of time off of school and work, and risks associated with postoperative bleeding are known complications for this surgical technique. Additionally, cosmetic results of the Emmert’s procedure are
suboptimal.
A study conducted in Germany, compared the
complication rate of Emmert’s procedure and the
VHO-Osthold® brace. This prospective study included
41 subjects and found that post-operative pain level
was significantly higher in the surgical treatment cohort (p-value = 0.001).13 Additionally, postoperative
bleeding occurred with an incidence of 1 out of 20
patients. In contrast, no complications were reported
with the VHO-Osthold® nail brace.13 When comparing
time off of work, none of the 8 employed patients in
the nail brace group required time off. On the other
hand, 10 of 12 patients in the Emmert’s procedure
group required leave from work (14.7 +/- 12.5 days).
Furthermore, patients who underwent nail brace treatment were able to wear shoes post application without
significant pain (0.7 +/- 1.7 days). However, the patients who received the surgical treatment were unable
to wear shoes post treatment without discomfort (19.4
± 13.9 days; P < .001). A potential limitation of these
findings are that small sample sizes were used for both
procedure cohorts.
The VHO-Osthold® brace is a less painful alternative to the Emmert’s procedure and a better treatment
option for onychocryptosis associated with orthonyxia. Most patients recovered with ease as they
could bear weight following the nail brace procedure.
This finding demonstrates that it is a more convenient
option for working patients. Using the VHO-Osthold®
brace technique also allows for preservation of the nail
which also makes it a cosmetically superior technique.13
CombiPed®, Podofix®, and Polyethylene vs.
Chemical and Surgical Matricectomy
The chemical matricectomy, widely used in practice today, has been associated with detrimental postoperative side effects, including infection. In addition,
chemical matricectomy has been reported to be associated with other complications beyond the surgical
site, such as abdominal pain and dizziness when phenol is used.5
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A randomized clinical trial including 94 ingrown
toenails was conducted to analyze the efficacy of polyethylene nail braces in tandem with nail spicule removal in contrast to the sole removal of the nail spicule. In the experimental group, the recurrence rate during the treatment period was recorded as 28.26% while
the recurrence rate of the control group was recorded
as 95.83% (p < 0.001). Additionally, the nail width
was measured at the level of the hyponychium in the
experimental group to evaluate nail reeducation. An
increase in nail width indicated a reeducation of the
nail plate to a lesser curvature, preventing recurrence
of ingrown nails. There was a significant increase in
nail width from the initial visit until 12 months (12.86
+/- 2.70mm to 14.03 +/- 2.57mm; p < 0.001),. Overall,
the polyethylene nail brace was proven efficient in
reeducating the nail curvature to reduce ingrown toenail recurrence.9
To test the use of the CombiPed®, a prospective
open-label study was conducted in which 53 ingrown
toenails were assessed. In patients that were experiencing severe inflamed paronychia, a Podofix® brace
was also applied for 2 to 4 weeks prior to the application of the CombiPed®. The physician global assessment (PGA) score was used to analyze nail improvement from the initiation of treatment, which primarily
included nail appearance. The PGA is composed of six
levels that rank the improvement from almost complete resolution, 1, to worsening of the nail, 6. Researchers for this particular study grouped these categories together into excellent (0-1), fair (2-3), slight
improvement (4-6), and worsening status (6). Data
were collected at 1, 3, and 6 months and it was found
that at one month post-application 81% of the ingrown
nails were ranked as excellent. Three-months post application, results showed 94% of patients were ranked
as excellent. By 6 months, 100% of patients were
ranked at the status of excellent. Once the study was
concluded, patients were asked to report back to the
researchers to determine recurrence rate which was
found to be 7.4%. Patients reported being highly satisfied with the treatment as well as having experienced
minimal pain. Patients also reported that the nail brace
was not an inconvenience. Researchers concluded that
CombiPed® can be used with the Podofix® to treat
inflammation caused by onychocryptosis, ultimately
resulting in exceptional results in terms of cosmetics,
low recurrence rate, and overall patient satisfaction.11
In contrast to nail brace techniques, chemical and
surgical matricectomies may result in post-treatment
infection, bleeding, redness, and pain. Additionally,
nail bracing is superior for patients with impaired circulation. Bracing techniques also maintain nail appearance, an option matricectomies fail to offer. 15

NAIL BRACE FOR SPECIFIC POPULATIONS
Onychocryptosis is common in patients with diabetes mellitus and if left untreated, can result in infection, granulation tissue formation, and foot lesions. Diabetic patients have a 3-4 times greater risk of foot
complications compared to their healthy counterparts.
2
While surgical treatments are effective, they may exacerbate the complications associated with this
chronic disease. Nail braces are a simple, cost-effective, and safe alternative to surgery for this population.
Following the placement of the nail brace, patients notice immediate pain relief and are able to resume normal activities. Nail brace application prevents irritation on the side of the nail, which reduces the risk of
infection. While onychocryptosis can recur, patients
are often willing to reapply the nail brace rather than
undergo surgery.2 Overall, diabetic patients reported
great satisfaction with the nail bracing treatment.
The pediatric population has also benefited from
nail bracing due to the prevalence of onychocryptosis
in children. Surgical treatment for onychocryptosis in
children can be distressing and poorly tolerated. Nail
bracing has proven effective in this patient group and
can be tolerated without use of local anesthetics. One
study concluded that of 38 pediatric patients that underwent nail bracing, 71% demonstrated resolution of
erythema, pain, and swelling. Additionally, 60% of the
patients completed treatment in less than 8 weeks.4
The shortened treatment course and quick return to
school activities resulted in high patient satisfaction.
Overall, pediatric patients preferred nail brace application over surgery.
Nail braces were shown to have a significantly
higher overall satisfaction rate of 94.6% as compared
to 82.4% with the Winograd resection. The Berndt
Stolz or B/S brace has a satisfaction rate of 96.4%
while nail resection has a satisfaction rate of 62.5%.
The satisfaction score for the nail brace was 8.43/10
compared to the partial matrix excision which was
7.32/10. In summary, patient satisfaction rates of nail
bracing supersede those of various surgical techniques.1
CONCLUSION
This literature review demonstrates that toenail
bracing can be a safer and more effective treatment
strategy for onychocryptosis than surgical procedures.
Nail bracing has a positive correlation with recovery
duration, recurrence rate, and patient satisfaction. The
evidence further demonstrates the benefit of nail bracing in multiple populations, ranging from children to
patients with diabetes mellitus. While this evaluation
does not factor in the efficacy between the various
bracing methods, future trials could compare the performance of each nail brace to determine which type
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of nail brace is the most efficacious for the treatment
of onychocryptosis.
10.
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Biomechanical Factors Leading to Common Injuries in
Racewalking: A Literature Review
Jannani Krishnan, B.S., Timothy Dutra, D.P.M., M.S., M.H.C
ABSTRACT
Racewalking, an Olympic sport with strict standards, is associated with unique gait patterns and lower
extremity injury. This review analyzes the biomechanics, common injuries, and proper racewalking footwear. Following the PRISMA guidelines, a literature
search was conducted in PubMed, Cochrane Review,
Ebscohost, and Google Scholar. Search terms include
“racewalking,” “biomechanics,” “injuries,” “orthotics”
and “shoes” were used. A total of 2035 articles were
screened based on eligibility criteria, resulting in 14
articles that met the inclusion criteria. Research
showed the unique gait patterns, muscle activation and
joint movements in racewalking. Studies demonstrated
that peak pressure of the foot was useful to determine
the distribution of plantar force during racewalking.
Researchers identified the most common lower extremity injuries: hamstrings, shin splints, ligamentous
ankle strains, stress fractures and tendonitis. It is believed that the greater heel pressure peak and more ankle eversion movement can contribute to common injuries because of the established rules of racewalking.
Lastly, footwear is another important factor to consider for racewalking in order to prevent injury but
also provide support to optimize performance.
INTRODUCTION
The origin of racewalking is unclear; however, the
first race recorded occurred in England in 1765. 1,2 In
1904, racewalking became an official Olympic event
and its popularity increased.3 In 1995, the International
Association of Athletics Federations (IAAF) established Rule 230.2. This rule states that (1) the race
walker must maintain one leg in contact with the
ground (2) the advancing leg must be straightened. 4
Despite these restrictions, racewalkers can modify
their gait by varing their stride length and cadence.5

Given the racewalking rules, the biomechanics of
gait, muscle activation, and joint involvement are specific to racewalking. Cairns et al. used footprint scans
to analyze the peak pressure points of the foot during
racewalking suggesting areas to offload and protect.6
Norberg et al., Schmitz et al., and Gomez-Ezeiza et al.
studies investigated muscle activity using electromyography (EMG), Surface Electromyography for NonInvasive Assessment of Muscles (SENIAM), and
Computed Muscle Control (CMC) to better identify
the major muscle groups activated during racewalking.7, 8, 9 Lastly, joints including the ankle, knee, and
hip were observed to have the greatest range of motion
during racewalking due to the unique pattern of motion.3,6,10 While racewalking is presumed to be a lower
impact sport compared to running, it still has a risk of
injury— specifically overuse injuries. There is limited
information on footwear and orthotics for racewalking; however Song et al. shows that functional insoles
reduce plantar pressure and provide cushioning to the
ball of the foot during racewalking.11 This paper analyzes the biomechanics of racewalking, its common
injuries, and its most appropriate footwear.
METHODS
Journal articles pertaining to the biomechanics,
injury, and footwear of racewalking were reviewed.
The selected articles were published from January
1904 to August 2021. A primary search was conducted
on PubMed, Cochrane Review, Ebscohost, and Google
Scholar using the specific keywords which are listed
in Appendix A. All eligible articles were written in the
English language, pertained to elite racewalkers within
date range, and included male and female athletes. The
exclusion criteria were non-English language, casual
racewalkers, walking or running only, presentations or
abstract only, and sports other than racewalking.
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Figure 1 displays the number of articles found in
each database that was searched. Search screening
consisted of removing duplicates and manually screening titles and abstract of papers to select papers that
were pertaining to racewalking. Eligibility screening
was performed based on inclusion/exclusion criteria
and topic relevance which yielded a total of 124

articles. Screening of remaining articles for relevance
for subtopics (i.e. gait analysis, muscle activation,
joint movements, lower extremity injuries, shoes and
orthotics) was collected manually. The final studies
that were included in the literature review were 14 articles (Figure 1).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart. This summarizes the process of elimination of articles based on screening and eligibility criteria.
DISCUSSION
Biomechanics of Racewalking: Gait Patterns, Muscle
Activation, and Joint Range of Motion
The biomechanical study of racewalking encompasses gait, muscle group activation, and range of motion of joints. Each cycle consists of heel contact of
the support limb to heel contact again of the same
limb. There are two main phases of the gait cycle:
stance and swing. In a racewalking gait, Cairns et al.
observed that the stance and swing phases are of equal
duration.6 Whereas in normal walking, stance is about
60% and swing is 40%.12 They found gait patterns in
racewalking to have greater ankle plantarflexion, ankle

dorsiflexion, knee flexion, knee extension, knee hyperextension, hip flexion, hip extension and hip abduction
compared to normal walking.6 Payne et al. noted an increased peak pressure at the posterolateral heel. They
believed this is from an increased knee angle at the initial contact phase of gait. Because the knee was observed to be in hyperextension during midstance, this
is beneficial as it reduces vertical displacement. They
also described that the ground reactive force (GFR)
was significant in the first peak similar to running. 10
Preatoni et al. studied the lower limb kinematic and kinetics during race walking by comparing it to normal
walking using an 8-camera optoelectric motion
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Table 1: Muscle Group Activity Correlated with Joint Movements
Muscle
Joint Movement
Gluteus medius
Hip abduction
Rectus femoris
Hip flexion and knee extension
Vastus lateralis
Knee extension
Adductor longs
Hip adduction
Semitendinosus
Knee flexion
Tibialis anterior
Dorsiflexion
gastrocnemius
Plantarflexion
Peroneus longus
Ankle eversion
analysis system to record 3-D coordinates. They
found that in racewalking there is a greater dorsiflexion angle at heel strike and a greater plantarflexion angle at toe-off than normal walking.13
The common lower extremity muscle groups activated during racewalking are similar during walking
and running. A dissertation by Jaclyn D. Norberg from
the University of Kentucky noted the eight common
muscle groups activated during racewalking. These
include the gluteus medius (GM), rectus femoris (RF),
vastus lateralis (VL), adductor longus (AL), semitendinosus (ST), tibialis anterior (TA), gastrocnemius
(GA), and peroneus longus (PL) muscles (Table 1).7,
14
Muscle group activation varied between running and
racewalking. During running, there was significant activation of the GM, VL, RF, and GA. A summary is
provided in Table 2 that displays the activation and inactivation of the muscle groups during the gait cycle
of racewalking. In midswing and terminal swing gluteus medius is activated; in initial contact (when the
foot is in dorsiflexed position) tibialis anterior is activated; during midstance (when the knee is

hyperextended) rectus femoris and vascus lateralis is
activated and finally at terminal stance or propulsion
(when the foot is plantarflexed) the gastroc and peroneus longus is activated. A follow-up study by
Schmitz and Norberg used CMC to calculate muscle
force.8 They used CMC to calculate the muscle activation as well as joint forces during racewalking and
compared it to the EMG data. They used the same
muscle groups mentioned in Dr. Norberg’s dissertation. Furthermore, a study by Gomez-Ezeiza et al. analyzed the association between muscle activation patterns on the oxygen cost of transport in elite racewalkers over the entire gait waveform. Using an EMG, they
found that the gluteus maximus, biceps femoris, and
medial gastrocnemius activated before initial contact.
Additionally, during the propulsive and early swing
phase, they noted increased activity with the rectus
femoris. This study suggested that varying muscle activation and energy transfer reduced the metabolic demand of racewalking, resulting in more efficient energy expenditure. 9

Table 2: Racewalking muscle activation data adapted from Norberg’s muscle activity data curves (Norberg’s Figure
18 blue lines). Green represents activation and red represents inactivation.
Racewalking Muscle Activation
Muscle Group

Pre
swing

Initial
swing

Mid
swing

Terminal
swing

Initial contact

Loading

Midstance

Terminal
stance

Gluteus Medius
Rectus Femoris
Vastus Lateralis
Adductor Longus
Semitendinosus
Tibialis Anterior
Gastrocnemius
Peroneus Longus
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Table 3: Joint Range of Motion in Planes
Joint movement
Planes
Hip extension, Knee extension, Sagittal
ankle dorsiflexion
Hip adduction and knee adduc- Frontal
tion, ankle inversion
Internal rotation for all lower
Transverse
extremity joints
The main joint movements in racewalking that
were studied were at the ankle, knee and hips. Table 3
summarizes joint ROM in different planes Norberg
noted the dominant joint range of motion occurs in the
sagittal plane in racewalking.7 Interestingly, Elvira et
al. explored the footprint arch index with subtalar joint
motion in racewalkers.15 This study concluded that
race walkers with higher arches presented with lateral
side support and subjects with a flatter foot type had
more medial side support.
Injury of Racewalking: Overuse Injuries and Correlation to Rules
Despite its health and fitness benefits, racewalking can still lead to injury. Interestingly, Payne et al.
found that the posterolateral force on the feet was
more prominent among racewalkers, which can cause
knee-related injuries. It was noted from their findings
that the extended knee, or knee in a taut position,
caused high peak pressure along the posterolateral and
heel of the foot which can lead to lower extremity-related injury.10 Payne and Willem demonstrate that
overuse injuries such as hamstring injuries and shin
splints are common as there is an overloading force in
the mid tibia.10, 16 This can be explained because of the
energy absorbed by the knee during swing as the knee
is straight. Francis et al. studied 682 race walkers and
found that 107 reported knee injury, 104 reported foot
injury, and 64 reported shin injury.3 It is also observed
that hamstring strain was the most reported injury, followed by shin splint and ligamentous and muscle
sprains. Knee injuries were the highest reported
(21.3%), which correlates to Schmitz in 2019.3, 8 The
impact load during race walking and running can
transfer up to the kinetic chain of the knee.8
Some hypothesized that the established rules for
racewalking can also contribute to injury. Song et al.
observed that during heel strike there is increased
overload to the tibialis anterior muscle causing medial
tibial stress syndrome (MTSS).17 MTSS is characterized by diffuse pain along the posteromedial border of
the tibia, mostly affecting the anterior compartment of
the leg. Song et al. compared the kinematic parameters
such as peak pressure, center of pressure, and potential
injuries between racewalking and normal walking.
Their research showed the highest peak pressure during racewalking was found underneath the heel areas.

They concluded that the extended knee causes high
peak pressure and more ankle eversion, which may
lead to injury. Because there is increased pressure on
the lateral column while racewalking, the higher risk
of ankle injury is presumed to be caused by the rules
of racewalking. Because step length is a variable that
racewalkers can modify to increase horizontal distance, ankle eversion occurs to compensate for hip adduction.17 In addition, their research showed that the
anteroposterior displacement of center of pressure was
greater in racewalking compared to normal walking.
This was implied based on increased plantarflexion as
soon as the foot leaves the ground. Some researchers
recommended that racewalking rules should be modified to reduce knee extension during initial impact
with the ground.5
Footwear Recommendation for Racewalking: Shoes
and Orthotics
Proper shoes, annual footwear measurements
and orthotic modifications can prevent injury and improve performance for racewalkers. Werd identifies
footwear that is compatible with different foot types
(Table 4).18 Francis et al. reported that 37.5% of racewalkers normally wear shoes designed for racewalking during training and competition, while 59.8% reported they used shoes for running. The remainder of
the subjects indicated they used shoes designed for
court or racquet sports.3 This poses a problem as running is more vertical and racewalking is more horizontal. The extra heel to toe drop in running shoes can
lead to racewalking injury.
Table 4 : Shoe type recommendations based on foot
types and alignments
Foot Type
Flat Foot – Pes Planus

Normal – Rectus

High Arch – Pes Cavus

Foot Alignment
Pronation

Shoe
Type
Motion
Controlled

Normal

Stability

Supination

NeutralCushion
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Another way to improve performance and prevent
injuries during racewalking is with orthotics or modified insoles. Song et al. noted that orthotic insoles and
pressure relief shoes reduce plantar pressure for patients with diabetes mellitus; thus, they hypothesized
that racewalkers can benefit in a similar manner.11 Orthotics can change the plantar distribution of forces by
reducing peak pressure on metatarsophalangeal joints
(MPJ) and heels and reducing the ground reactive
force (GRF) upon landing. The design of the insole included 4mm thickness at the forefoot, 8mm in the arch
and 6mm at the heel. They incorporated a heel cup and
arch pad to cushion the heel and support the subtalar
joint. They then compared it with a flat, normal insole,
which was about 3 mm. Interestingly, the normal insole had the highest pressure on the MPJ and heel. The
functional insole reduced the pressure in those areas
and increased pressure in the medial arch as well as reduced the first GRF peak pressure. The functional insole reduced peak pressure on the heel by transferring
the load toward the midfoot, and the heel cup provided
more support to the calcaneus. Lastly, the thicker and
softer insole material acted as a shock absorber during
forced loading in racewalking.11 Overall, the arch-supported functional insoles provided the most support
compared to normal insoles by not only improving
performance, but also preventing injury.
Limitations & Future Implications
There is an increase in gait variability in racewalking compared to normal walking, which suggested the need for a more refined method of assessment.13 The variation of racewalking footwear was not
controlled,. Other studies should expand the number of
subjects or athletes participating in racewalking studies.9, 13, 17 Furthermore, Song et al. only studied male
racewalkers which limits gender differences and variations.17
This literature review, as a foundation of exploration in the field of racewalking literature, raises a
number of opportunities for future research. First, future studies can explore the performance of elite athletes competing in various shoes and orthoses. Another area of study could explore the advantages or
disadvantages of different foot types in elite racewalkers. Finally, future studies could explore the kinematics and kinetics of racewalking.
CONCLUSION
Racewalking is a unique sport with specific rules
and regulations. However, these established rules lead
to unique gait and may increase risk of overuse injury.
The main biomechanical features of race walking consist of greater plantarflexion, dorsiflexion, knee flexion, knee extension, knee hyperextension, hip flexion,
hip extension and hip abduction.6 As per race walking

rules, the knee must be in an extended position when
landing which can result in high-risk injuries of the
lower extremity; however in walking, the knee can be
bent to provide shock-absorbing mechanism during
gait. It was concluded that the extended knee caused
high heel peak pressure and more ankle eversion
which poses a high risk of injury. The most common
injuries in race walking are hamstring strains, shin
splints, and ligament/muscle strains.3 To reduce the
risk of injury and to improve performance, functional
insoles may help reduce peak pressure in the metatarsals and heel, simultaneously providing arch and heel
support.11
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Appendix A – Search Method
1
Racewalking OR Race-walking OR Race walking
2
1 AND Biomechanics OR Gait OR Gait Analysis
3
1 AND injuries
4
1 AND shoes OR shoe wear OR shoe gear
5
1 AND Orthotics OR Orthoses OR insoles OR functional insole
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Plantar Pressure Changes and Pain in Pregnant Women:
A Literature Review
Yvette Arca, B.S., Gladys Rastegari, B.S
ABSTRACT
During pregnancy, physiological and anatomical shifts
occur in the body. These shifts can contribute to lower
extremity foot pain. This literature review focuses on
foot-related pain, pressure, and peak forces in women
as a result of gestation. PubMed and Google Scholar
databases were used to search key terms including
“pregnancy,” “plantar pain,” and “plantar pressure.”
The studies incorporated in this review use methods
such as manual and automatic measurements, sensors,
pain physicals, and questionnaires to differentiate the
shifts in foot pain and pressure. Contact pressure and
plantar forces were recorded using pressure sensors
and a Global Postural System. Pain is measured using visual analog scales (VAS), pain assessment physicals, and questionnaires. The results of our review
demonstrate increased lateral contact pressure and variable peak force of the plantar foot throughout pregnancy. Location of peak force mostly varied between
forefoot and midfoot. These studies support the idea
that plantar pressures gradually increase in the second
half of gestation. Treatment for pain related to pregnancy includes regular posture assessments, water aerobics, and proper footwear. Highlighting the impact of
these variables on pregnant women can help guide future studies to improve foot function, pain, and quality
of life in the developing pregnant body.
INTRODUCTION
Pregnant women undergo hormonal, physiological, and anatomical modifications throughout their
bodies during gestation. On average, in the United
States in 2019, there were approximately 3.7 million
births.1 Regarding the increased weight gains from
pregnancy, the feet are impacted causing pain and irregularities in contact pressure and force of the plantar
foot along with structural shifts in the medial longitudinal arch. Changes in the feet can disturb normal

biomechanics and decrease the quality of the activity.2
The large number of pregnant women with foot difficulties raises concerns. This paper reviews the unique
changes of the feet during gestation and how those
changes affect women physiologically and anatomically.
METHODS
Peer-reviewed journals from the PubMed database and Google Scholar were identified. Keywords
included “pregnancy,” “plantar pressure,” “plantar
pain,” and “foot problems in pregnant women.”
Twelve studies with dates ranging from 1997 to 2020
were chosen (Table 1). Several studies compared nonpregnant women to pregnant women, pregnancy and
postpartum, and overweight versus average pregnancy
weight. A variety of hand measurements and pressure
sensors were used in the studies. These included WinTrack system, GAITRite Electronic Walkway,
Global Postural System and capacitive insoles., Studies with women who presented with musculoskeletal
dysfunction, foot or ankle conditions, cardiac or neurological problems, and possible high-risk pregnancies
were excluded. In most studies, only women who were
pregnant with their first child were included. Women
with a history of multiple pregnancies or twins were
excluded. The included studies focused on the unique
shift of plantar pressures in pregnancy.
DISCUSSION
Plantar Pressure
Peak Force
Eight papers referenced peak force in the plantar
foot as a variable in determining changes and pain in
pregnant women. Peak force and pressure can be defined as the maximum force measured over each sensor in the stance phase.3 In Nyska et al. and Bertuit et
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al., an increase in peak force was found in the midfoot
of pregnant women and a decrease in the forefoot and
hindfoot (P<0.05). This can be explained through the
stance strategy, where pregnant women stand on the
metatarsal heads to create less change in the posteroanterior displacement in the center of pressure, thus
improving sagittal plane stability.4,5
Conversely, Karadag-Saygi et al. conducted a
study of pregnant women compared to overweight individuals with a matched body mass index (BMI) and
found that pregnant women had a higher forefoot pressure while standing and walking (P < 0.05).6 Similarly,
Ribeiro et al. and Pauk et al.[6] concluded that peak
force was highest in the forefoot (P < 0.05) 7,8. A major
contributor to the increased forefoot load is weight
gain in pregnancy, which is highest in the third trimester. When this weight gain occurs, the center of
gravity moves anterosuperior from the accumulation
of weight in the abdominal region. In turn, this causes
more pressure and force to be applied in the forefoot
area to allow more control in gait and motion of the
foot.6
In reference to hindfoot peak force and peak pressure, Ramachandra et al.9 found an increase in peak
static pressure in the hindfoot and a decrease in the
forefoot. They also found that peak pressure was on
the more dominant side. Additionally, Goldberg et
al.10 found that peak pressures increased in the rearfoot
and decreased in the forefoot during the third trimester. Possible reasons for an increase in hindfoot
pressure is similar to those above, where the increase
in load in the abdominal region causes compensation
in the center of pressure. In these cases, women shift
their center of pressure more posteriorly compared to
the midfoot and do not shift forward to the forefoot. In
contrast to the above claims, Ribeiro states that studies
that found an increase in rearfoot peak pressure did not
consider the mechanical and postural adaptions that
occur during gestation. This longitudinal study followed six pregnant women, where each individual was
evaluated during the last month of each trimester. 7 The
small sample size and lack of consistent evaluation
may have led to contradicting results.
Nyska et al., Bertuit et al., Pauk et al., and
Elsayed et al. all agree with the statement that pressure
under the metatarsal heads was higher in pregnant
women. It is worth noting that one article by Varol et
al. found no statically significant difference in peak
force (P > 0.05), but related increases in forefoot and
midfoot pressures to pain during gestation (P <
0.05).11
Contact
Several studies incorporate contact pressure and
area to understand further changes in pregnant women.
Contact pressure is determined by where the

maximum pressure in the foot is directed during the
contact phase of gait. Nyska et al. found that there was
increased load on the lateral side of the foot, Bertuit et
al. collected data that showed significantly increased
contact area to the lateral forefoot and midfoot area (P
<0.001), and Ribeiro et al. showed an increased contact area to the lateral rearfoot when women were transitioning from the second to the third trimester. 4,5
Elsayed et al. determined there was significantly increased weight-bearing (P = 0.04) to the area of the
fifth metatarsal as gestation continued.12 Lateral movement of the contact pressure area can be attributed to
increased pronation during pregnancy. As the foot pronates, more pressure and contact are placed on the second metatarsal, specifically the first ray, which in turn
necessitates the lateral foot to help stabilize.5
Pain
Elsayed et al. found that there was an asymmetry
of weight-bearing in gestation in the lateral plantar
foot, resulting in an abnormal stressor and contributing
to pain. They found a significant increase in pain intensity (P=0.02) in gestational women compared to
non-pregnant women. They also found that as months
of pregnancy increased, the weight on the 5 th metatarsal increased as well. These factors contribute to pain
in pregnant women and should be treated accordingly.12 Other factors of pain during gestation are due
to musculoskeletal and biomechanical changes that occur. Karadag-Saygi et al. found that pregnancy pain
did not correlate to plantar pressure, but instead was
related to an increased contact time. The increased
contact time caused musculoskeletal changes in the
lower extremity that led to pain in the ankle plantar
flexors, leg muscle cramps, low back pain, and pain
due to changes in step width.6 Other biomechanical
changes that occur during pregnancy are an increase in
hip flexion and decreased range of motion in the anteroposterior trunk.13 These changes lead to compensation during the gait cycle, contributing to low back,
knee, and foot pain. Overall, foot pain in pregnant
women is related to changes in foot distribution. An
increase in force and contact is related to an increase
in pain during gestation. 11
Pronation
Multiple studies have acknowledged the increase
in pronation in pregnant women. Pregnancy is associated with a decreased arch height and pronation postpartum. 12 As weight during the second and third trimesters of gestation increases, pressure on the bones
and ligaments increases, causing structural changes in
the foot.9 Ramachandra et al. measured the navicular
height by hand and found that the height of the navicular is decreased in pregnancy, which leads to an increase in pronation. Appropriate specialized footwear
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tailored to individual pregnant women is required to
help stabilize the hindfoot and prevent permanent decreases in navicular height.9 The pronation increased
more as their pregnancy progressed and did not return
to normal six weeks post-partum.11 The increase in
pronation is also found in Vico Pardo et al.; however,
they found that pronation does not necessarily influence the onset of pain in the lower limbs.14
Postpartum
Gimunová et al. concluded there was significant
difference in step cycle time in the experimental group
comparing advanced stages of pregnancy and postpartum. The experimental group participants were fitted
for tested footwear. In advanced stages of pregnancy
there was increased step cycle time, proposing slower
gait velocity, possibly due to efforts to maximize the
safety of gait for protection of the fetus and
mother.12,13 There was a significant difference in step
cycle time during pregnancy and postpartum, as step
cycle time decreased during postpartum (P=0.004).
This suggests increased gait velocity as an urge to return to pre-pregnancy biomechanics. In Ramachandra
et al.’s study, it was found that foot width significantly
increases during advanced stages of pregnancy when
compared to postpartum, which showed decreased foot
width bilaterally (P <0.001).9 This can be attributed to
decreased edema to feet postpartum. The study also
demonstrated a significant difference between static
plantar pressure in later months of pregnancy and
postpartum. It is shown that static plantar pressure was
significantly decreased in postpartum immediately and
at 6 weeks (P <0.001). In addition, the contact area of
the plantar foot increases as the pregnancy progresses
and decreases in postpartum, although it wasn’t resolved to be significant.
Treatment
Treatment for foot pain during pregnancy includes
preventing the arch from falling via supporting the
subtalar joint. In turn, this reduces spinal curvature
and increased knee flexion during pregnancy. 13 Multiple papers reference the postural changes that occur in
the three trimesters of gestation. Because pregnancy
affects plantar pressure distribution and symmetry,
postural adjustments should be considered when creating an exercise program, and regular posture assessments, water aerobics, and proper footwear should be
implemented in a pregnant woman’s pain management. 12 Proper footwear includes custom orthosis to
redistribute the increased pressure. Alternatively, over
the counter insoles can provide relief and adjustment
to feet. Marques et al. conducted a study to determine
if there was a significant difference in pain and comfort in pregnant women’s feet with and without insoles. The results showed redistribution of plantar

forces, decreased pain, and increased comfort during
last trimester of pregnancy with insoles. Using a VAS,
women with partial hindfoot insoles had their pain decrease from 4 to 2, and women with complete insoles
reduced their pain from 4 to 0. 15
CONCLUSION
Every year, millions of pregnant women suffer from
pain and discomfort resulting from the changes in their
feet. The irregularities in plantar pressure, causational
pain, and pronation can disrupt normal gait and cause
future problems postpartum. Proper treatment and exercises are important to limit the amount of stress on
the feet during gestation. There is significantly less research and studies on the impact of plantar pressures
and pain in pregnant women, more so postpartum, and
the research currently available is bounded by small
sample sizes and occasionally inconsistent results.
Once the discrepancies in testing, sample size, and
data collection are eliminated, more consistent results
can be expected.
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Table 1. Studies Chosen for this Literature Review
Author

Study

Type of Study

Purpose

Number of Subjects

Nyska et al.
1997

Plantar Foot
Pressures in
Pregnant
Women

Retrospective
study

Locating prominent
planter foot pressures

56; 28 pregnant women, 28 nonpregnant women (control)

Bertuit et al.
2016

Plantar
Pressure
During Gait
in Pregnant
Women

Longitudinal
study

Comparison of
planter pressure during gait in pregnant
women and nonpregnant women

90; 58 3rd trimester women, 9
postpartum women, 23 nonpregnant women (control)

KaradagSaygi et al.
2010

Plantar
Pressure
and Foot
Pain in the
Last Trimester of
Pregnancy

Retrospective
study

Evaluate the differences in plantar pressures and balance in
pregnant women

70; 35 3rd trimester women, 35
non-pregnant women (control)

Ribeiro et al.
2011

Changes in
the Plantar
Pressure
Distribution
During Gait
Throughout
Gestation

Longitudinal
study

Comparisons in plantar pressure, contact
time, contact area,
and maximum force
between trimesters

6 pregnant women

Pauk et al.
2020

Mechanisms of
Gait Adaptation in
Overweight
Pregnant
Women

Retrospective
study

Comparison of spatiotemporal gait, plantar pressures, and
ground reactive
forces between normal-weight and overweight pregnant
women

55; 29 normal-weight pregnant
women (control), 26 overweight
pregnant women
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Ramachandra et al.
2016

Do Structural
Changes of
the Foot Influence
Plantar
Pressure
Patterns
During Various Stages
of Pregnancy and
Postpartum

Prognostic prospective study

Evaluates the structural foot changes
and static plantar
pressure throughout
pregnancy and postpartum

-*

Goldberg et
al. 2001

Changes in
Foot Function
Throughout
Pregnancy

Prospective
study

To determine
changes in foot use
and foot pressure
patterns during pregnancy.

13 pregnant women

Varol et al.
2017

Relation
Between
Foot Pain
and Plantar
Pressure in
Pregnancy

Correlation
study

Foot pain in relation
to plantar force distribution during
pregnancy

131 pregnant women

Elsayed et al.
2017

Changes in
Foot Plantar
Pressure in
Pregnant
Women

Prognostic
study

Evaluate plantar
pressure distribution
in pregnancy

22 pregnant and non-pregnant
women (control)

Gimunová et
al. 2020

Special
Footwear
Designed
For Pregnant
Women and
Its Effect on
Kinematic
Gait Parameters During Pregnancy and
Postpartum
Period

Retrospective
study

Test effect of footwear during pregnancy and postpartum in pregnant
women

41 pregnant women; 18 women
without intervention (control),
23 with tested shoes (experimental)

Vico et al.
2016

Changes in
Foot Posture During
Pregnancy
and Their
Relation
With

Longitudinal
study

Examine foot postural changes and the
relation with foot
pain during pregnancy

62 pregnant women
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Musculoskeletal
Pain: A
Longitudinal Cohort
Study
Marques et
al. 2005

Comfort
and Functionality of
Pregnant
Women's
Feet Study
of Kinetic
Parameters
With Silicon Insoles

Prognostic
study

Assess feet pain and
comfort during gait
with and without silicon insoles between
pregnant and nonpregnant women

-*

* Unknown sample size; not stated
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Assessment of the Contralateral
Asymptomatic Foot As A Control Group in
Unilateral Plantar Fasciitis Research:
A Systematic Review and Meta-Analysis
Tiffany Tran, B.S., Juniper Yue, B.A., Jannani Krishnan, B.S., Komal Saini, B.S.,
Chia-Ding Shih, D.P.M., M.P.H., M.A.
ABSTRACT
Background: Plantar fascia thickness greater than
4mm is considered diagnostic for plantar fasciitis. The
contralateral asymptomatic foot (CAF) is often a control in unilateral plantar fasciitis research. However,
previous studies have reported plantar fascia thickening greater than 4mm in the CAF.
Research question: Is the CAF an appropriate control
in unilateral plantar fasciitis studies using plantar fascia thickness as a measurable outcome?
Methods: Following the PRISMA guideline, databases including Pubmed, ClinicalTrials.gov, CINAHL,
Google Scholar, and Cochrane library were searched
for papers containing plantar fascia thicknesses measured by MRI or ultrasonography for study groups
compared to a control group. Publication dates were
restricted from January 1, 2010 to December 19, 2019.
Random effects models were used for pair-wise metaanalyses comparing plantar fascia thicknesses between
healthy, contralateral asymptomatic, and symptomatic
feet.
Results: The search method yielded 1541 papers. Two
of nine eligible papers were assessed to have high bias
and removed from the analysis after being confirmed
as statistical outliers. The remaining seven papers had
low risk of bias. The meta-analyses indicated no significant difference in plantar fascia thickness between
healthy feet and CAF. However, there was a significant difference in plantar fascia thickness between
symptomatic feet and CAF.
Significance: The variability of methods for plantar
fascia measurement using ultrasonography reflects a
lack of standardization. Although this meta-analysis
demonstrated plantar fascia thicknesses of CAF are

not significantly different from healthy feet, further research regarding prevalence of plantar fascia thickening in the CAF is needed to better assess its use as a
control.
INTRODUCTION
Plantar fascia thickening of the CAF may develop
over time as a compensatory mechanism for the symptomatic foot during gait or exposure to similar anatomical or biomechanical factors that are causing plantar
fasciitis in the symptomatic foot.1,2 Some studies reported plantar fascia thickening in the CAF that is significant compared to a healthy foot,1-3 while others reported no significant difference.4,5 Unilateral plantar
fasciitis patients may also present with osseous
changes.6 Therefore, the CAF may not be adequate as a
control group in comparative studies. To our
knowledge, no study has yet been conducted to determine whether the CAF is suitable as a control. We propose using a systematic review and meta-analysis approach to assess the validity of using CAF in plantar
fasciitis studies as an appropriate reference point by
evaluating differences in plantar fascia thicknesses for
healthy feet, CAF, and symptomatic feet measured by
ultrasonography or MRI.7,8
METHODS
Search strategy and selection criteria
For this review, we followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement to electronically search
Pubmed, the Cochrane Library, CINAHL, Google
Scholar, and ClinicalTrials.gov using a search method
adapted from McMillan et al. (Appendix 1).9,10 The
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publication date range was restricted to those from
January 1, 2010 to December 19, 2019. Inclusion criteria included studies in a peer-reviewed journal that
are randomized controlled trials (RCTs), non-randomized controlled studies, prospective or retrospective
cohort studies, case-control studies, or cross-sectional
studies that reported plantar fascia thicknesses measured using either ultrasonography or MRI in subjects
with pain localized beneath the heel, made worse by
weight-bearing after long periods of rest and symptoms. Studies had to include subjects with a clinical
diagnosis of plantar fasciitis, chronic plantar heel pain,
or heel spur syndrome and specify symptom

chronicity. The control group could have comprised of
either (1) the CAF in subjects with unilateral heel pain
or (2) healthy feet of subjects with no chronic plantar
heel pain. Non-English articles and studies that exclusively investigated disease-specific cohorts (e.g., rheumatoid arthritis, neurovascular abnormalities, plantar
fibromatosis, autoimmune disease, or Sjögren syndrome) were excluded. For the quantitative analysis,
cohorts with a limited range of plantar fascia thicknesses (e.g., <4 mm) were excluded since plantar fascia thickness greater than 4 mm is considered diagnostic for plantar fasciitis (Figure 1).

Figure 1. PRISMA Flow chart illustrates the data collection and screening process.
Data extraction and assessment of study quality
Data was extracted from the studies using a predesigned data collection form. All the articles were assessed for risk of bias at the outcome level using
ROBINS-I which was recommended by the Cochrane

Handbook for evaluation of non-randomized study design.11,12 QUADAS was the bias assessment tool used
to further analyze diagnostic accuracy studies,13 while
the Newcastle-Ottawa scale was used to assess papers
using non-randomized study designs at the study
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level.14 A quantitative analysis was to be performed if
the overall risk of bias for the papers was low.
Statistical analysis
Heterogeneity of the pooled data was visualized
using funnel plot and statistically measured by 𝐼 2 to
identify the presence of outliers. The study was defined as a statistical outlier if the 95% confidence interval for the study’s standardized mean difference fell
outside of the calculated 95% confidence interval of
the pooled results. To account for the variance across
different studies, a random-effects model was used for
the meta-analyses. The mean plantar fascia thicknesses
for the healthy feet, CAF, and symptomatic feet were
the primary outcome measures compared in a series of

pairwise meta-analyses. The plantar fascia thicknesses
for healthy feet were compared to that of CAF to assess whether the CAF is suitable as a control. Plantar
fascia thicknesses were also compared between
healthy feet and symptomatic feet in an ultrasonography subgroup analysis to evaluate the ability of ultrasonography to distinguish between a healthy foot and
a foot with plantar fasciitis. The results were reported
as the standardized mean difference with corresponding 95% confidence intervals and graphically represented with Forest plots. The statistical analyses for
this project were performed in R,15 using packages
meta,16 metafor,17 and dmetar.18
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Figure 2. These figures summarize the results of using the ROBINS-I assessment tool for non-randomized studies.
(A) Risk of bias graph showing proportions of different types of bias summarized for the papers included in the metaanalysis. (B) Risk of bias table illustrating the evaluation for each paper.

Figure 3. (A) Forest plot including papers reporting plantar fascia thicknesses (mean and standard deviations in
mm) for contralateral asymptomatic feet compared to healthy independent controls. (B) Repeated analysis performed after removing the outlier.
the supine position.19 While the remaining 7 studies
had low risk of bias, these two outlier studies were deRESULTS
termined to have high risk of bias based on risk of bias
The search method yielded 1541 articles after
assessment and funnel plot (see Figure 2). For one of
deduplication (Figure 1). Among the nine articles that
the outlier studies, it was unclear whether they exmet the inclusion criteria for the qualitative assesscluded plantar fasciitis patients with a plantar fascia
ment, there were 3 comparative cross-sectional studthickness between 4mm and 5mm.19 Furthermore,
ies, two case-control studies, one diagnostic accuracy
plantar fascia thickening was defined as greater than
study, and three non-randomized controlled studies
5mm rather than the conventional 4mm guideline that
(Appendix A). Of the eligible studies, only Slayton et
is proposed to be indicative of plantar fasciitis.19 This
al. did not report their patient demographics.21 The age
definition of plantar fascia thickening may have conof the participants approximated from the remaining
tributed to their mean plantar fascia thickness being
eligible papers ranged from 16 to 81 years old with a
8.52mm (±0.39mm) for the symptomatic foot commean age of 46 years.22-26 These studies also had
pared to mean thickness for the symptomatic foot
greater female representation, with a collective total of
ranging from 4.80mm to 6.70mm for papers using the
84 males and 125 females.22-26Two studies employed
conventional 4mm definition. The second outlier
MRI to measure plantar fascia thickness, while the restudy was distinct in that the plantar fascia thickness
maining eight employed ultrasonography. Although
was measured with the patient sitting up and values
the ultrasound papers consistently reported having
were reported separately for left and right feet. 20 Due
measured the plantar fascia within a 2mm radius about
to the concern of high risk of bias and statistical sigthe insertion of the plantar fascia on the medial tubernificance of being an outlier, these two outlier studies
cle of the calcaneus, there was slight variation of pawere removed from the meta-analyses. Data was extient position during sonographic evaluation. Five out
ported into R and direct comparisons were made beof the eight ultrasonography studies reported having
tween the plantar fascia thicknesses for healthy feet,
their patients in a prone position with their feet hangCAF, and symptomatic feet using a random-effects
ing freely over the examination bed. However, an ulmodel. The heterogeneity of the pooled results was
trasound study reported having their patients sitting
represented by I-squared values of 48% (p = 0.15) for
with their feet over the edge.20 and an MRI study
healthy feet and CAF, and 70% (p<0.01) for
measured plantar fascia thickness with the patient in
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symptomatic and CAF (see Figure 3B and 4B), indicating moderate to substantial heterogeneity for these
two comparison groups.27 However, the I-squared was
0% for the healthy and symptomatic feet comparison
group with a p-value of 0.41 from the Chi-squared test

(Figure 5B). According to the Cochrane Handbook,
this is interpreted to mean that the amount of variability in effect estimates due to heterogeneity in the
pooled data might not be important.27

Figure 4. (A) Forest plot including studies reporting plantar fascia thicknesses (mean and standard deviations in mm)
for symptomatic feet compared to contralateral asymptomatic feet. (B) Repeated analysis performed after removing
the outlier.
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Figure 5. (A) Forest plot including papers reporting plantar fascia thicknesses (mean and standard deviations in mm)
for symptomatic feet compared to healthy independent controls. (B) Repeated analysis performed after removing the
outlier.
Meta-Analyses
Our findings for the difference in plantar fascia was
2.18 mm (SMD 95% CI: -0.95 mm–5.31 mm; see Figure 3A) between healthy feet and CAF. After removing
an outlier study,19 the difference in plantar fascia thickness (SMD: 1.16 mm) remained insignificant between
healthy and contralateral asymptomatic feet (SMD 95%
CI: -0.48 mm – 2.79 mm; see Figure 3B).
The initial comparison between symptomatic feet
and CAF showed that the plantar fascia thicknesses
were not significantly different between the two groups
(Figure 4A). However, the 95% confidence interval
(CI) calculated for the Sutera study (SMD 95% CI:
10.29 mm–16.16 mm) fell outside the 95% CI for the
pooled results (Pooled 95% CI: -1.49 mm–8.37 mm) for
the plantar fascia thicknesses between symptomatic feet
and CAF (see Figure 4A).19 This distinguished the
Sutera study as an outlier with very large effects in this
comparison group and its removal resulted in a mean
difference in plantar fascia depth of 1.60 mm (SMD
95% CI 0.64 mm – 2.55 mm; see Figure 4B).
To ensure that ultrasonography can distinguish between
a healthy foot and foot with plantar fasciitis, plantar fascia thickness was also analyzed between healthy feet
and symptomatic feet (Figure 5A and 5B). Our initial
findings found no significant difference. However, the
Fabrikant study (SMD 95% CI: 32.23 mm–43.51 mm)
was statistically identified as an outlier with large

effects in the pooled results for this comparison group
(Pooled 95% CI: -3.27–21.26 mm).20 The results following the removal of this study showed that there is a
highly significant difference between healthy independent feet and symptomatic feet in papers that used
ultrasonography.
DISCUSSION
Among the studies included in our meta-analysis,
all four studies comparing plantar fascia thickness between CAF and healthy feet reported cases of thickened plantar fascia greater than 4mm as a soft tissue
abnormality in their samples of CAF.7,9,25,26 Despite
this, the results of our meta-analysis showed that there
was no significant difference in plantar fascia thicknesses for healthy and contralateral asymptomatic feet
(Figure 3B). Furthermore, the results of the pair-wise
meta-analysis for healthy feet and asymptomatic feet
suggest that the difference in plantar fascia thickness
between these two groups is not significant enough to
be distinct (Figure 4B). These results suggest that using the CAF of a patient with unilateral plantar
fasciitis may be an appropriate control in comparative
studies using plantar fascia thickness as an outcome
measure. However, these results could also mean that
the prevalence of plantar fascia thickening greater than
4.0 mm on the CAF was low within our pooled results.
Because the prevalence of plantar fascia thickening of
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the CAF and its effect on gait are not well characterized in literature, one should consider assessing the
CAF for plantar fascia thickening and other abnormalities before using it as a control.
Although both MRI and ultrasonography are used
as a diagnostic tool for plantar fasciitis, the search
method results yielded fewer plantar fasciitis studies
employing MRI compared to ultrasonography. Initially, the ratio of MRI to ultrasonography studies in
this review was 2 to 7. Following the removal of the
outlier studies, the ratio became 1 to 6. This is likely
due to ultrasonography being more easily accessible,
radiation-free, and cost-effective compared to MRI.20
For measuring plantar fascia, ultrasonography is considered to have similar accuracy to MRI.7 Moustafa et
al. reported that ultrasonography had 65.2% sensitivity
and 100% specificity for detecting a change in plantar
fascia thickness as well as 66.7% sensitivity and
82.6% specificity for detecting a change in echogenicity.22 However, Cheng et al. reported low inter-rater
reliability when assessing hypoechoic change in symptomatic plantar fascia while inter-rater reliability was
0.76 to 0.94 for mean gray-level analysis of hypoechoic lesions in the longitudinal plane.24 Therefore,
quantitative evaluation of hypoechoic lesions via ultrasonography is recommended in combination with assessment of plantar fascia thickness to improve the
specificity of ultrasonography for diagnosing plantar
fasciitis.20,22,28 Although quantitative measurements of
elasticity are not yet available for ultrasonography,
qualitative assessment of the elastic properties of the
plantar fascia using compression ultrasound may be
another useful adjunct for the diagnosis of plantar
fasciitis.28 Therefore, one can evaluate the plantar fascia thickness, presence of hypoechoic lesions, and
elasticity of the plantar fascia when using ultrasonography to diagnose plantar fasciitis.
The pooled results from the meta-analysis showed
that there was a significant difference in ultrasound
measurements for plantar fascia thickness between
healthy feet and symptomatic feet (Figure 5B). This
indicates that ultrasonography can differentiate a
healthy foot from a foot with plantar fasciitis based on
plantar fascia thickness, therefore reinforcing it as a
diagnostic tool for plantar fasciitis. Cheng et al. reported high intra- and inter-rater reliability for ultrasound measurement of the plantar fascia in the longitudinal plane when the sonographers are using the
same protocol and have similar levels of experience.24
However, some researchers question the validity of using the 4 mm threshold as a guideline for diagnosing
plantar fasciitis using ultrasonography because the
plantar fascia thicknesses might not be reproducible
considering the lack of guidelines for ultrasound measurement of plantar fascia and ultrasonography being
highly operator dependent.7,24 Patient positioning

during the procedure may also influence plantar fascia
measurements. The plantar fascia thickness was measured with the patient prone in most of the ultrasonography studies, while an outlier study measured plantar
fascia thickness with the patient sitting up and feet
hanging over the examination table. Furthermore, the
position of the metatarsal phalangeal joints should also
be documented during sonographic assessment because plantar fascia thickness significantly decreases
with increasing extension of the metatarsal phalangeal
joints.7 Therefore, patient position and the metatarsal
phalangeal joint position should be considered as part
of the study design to improve the reproducibility of
plantar fascia thickness measured by ultrasonography.
Limitations
There were a few limitations to this study. First,
we were unable to draw a conclusion for the studies
using MRI due to the low number of MRI studies
compared to ultrasonography studies. However, the
statistical analysis allowed us to confirm that ultrasonography can distinguish between the plantar fascia
thickness of a healthy foot and a foot with plantar
fasciitis. This confirmation for ultrasonography might
be extended to MRI considering that ultrasonography
and MRI have similar accuracy for quantifying plantar
fascia thickness.7,24 Another limitation was the variation in the definition of chronic plantar fasciitis ranging from greater than 6 weeks to greater than 3 months
across the papers. Furthermore, this review included
only observational studies which may have potential
inherent biases that may limit the results of the quantitative analyses. However, the seven papers included in
our quantitative analysis were deemed to have low risk
of bias at the outcome level.
CONCLUSION
The results of this review suggest that the CAF of
a patient with chronic unilateral plantar fasciitis may
be appropriate as an independent reference point, similar to that of the healthy independent control. Our
meta-analysis results indicate no significant difference
between plantar fascia thicknesses of healthy feet and
contralateral asymptomatic feet. This is further reinforced by a significant difference in plantar fascia
depth between symptomatic feet and contralateral
asymptomatic feet. A standardized method for measuring plantar fascia thickness should be implemented
to improve the reproducibility of plantar fascia measurements. Future studies should investigate how positioning affects plantar fascia measurement and better
characterize the prevalence of plantar fascia thickening in the CAF.
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Appendix A. Summary Table of Included Papers
Paper
Study DeRis Subject Characteristics
sign
k of
Bias
Cheng et al. Comparative Lo Symptomatic:
(2011)
cross-secw
● n=11 (6 male, 5 fetional study
male –age 22-76) including 9 bilateral PF
and 2 unilateral PF
Healthy controls:
● n=26 (12 male, 14 female –age 24-79)
Fabrikant et Non-ranHig Symptomatic:
al. (2011) domized
h
● n=30 (14 male, 16 festudy with
male –mean age
various in57.14) with unilateral
terventions
PF
Control:
● n=33 (15 male, 18 female –age 24-79)

Granado et Comparative Lo
al. (2018) cross-secw
tional study

Symptomatic:
● n=20 (7 male, 13 female –age 35-59);
Unilateral PF
Control:
● n=20 (7 male, 13 female –age 30-56)

Mean plantar fascia
thickness ± sd
(mm)
Symptomatic (20
feet):
● 4.55±0.55
Healthy (52 feet):
● 3.20±0.73

Symptomatic (30
feet):
● 6.24±0.12
Healthy (61 feet):
● 3.19±0.05

Symptomatic (10
feet):
● 5.20±1.10
Contralateral
asymptomatic (10
feet):
● 3.90±0.70

Purpose

Procedure

Conclusion

To evaluate intra- and ●
interrater reliability of
measuring plantar fascia thickness and echogenicity using ultrasonography

Plantar fascia thick- ●
ness measured nonWB independently
by 2 sonographers
to assess intrarater
reliability
●

To compare and ana- ●
lyze plantar fascia
thicknesses between
healthy patients and PF
patients before and after various treatment ●
modalities

Plantar fascia thick- ●
ness measured nonWB using ultrasound (US) before
treatment
●
Measurements repeated weekly for
study group during
and after treatment
period
US used to measure ●
plantar fascia thickness at rest and at
30 degrees during
active extension
and maximal extension

To analyze effect of ac- ●
tive MTP joint extension on the ultrasound
measurement of plantar
fascia thickness

Echogenicity can be
evaluated via mean
gray level to avoid discrepancy in interpretations.
Longitudinal scanning
recommended for imaging plantar fascia
Significantly thicker
plantar fascia in symptomatic patients compared to control
Improvements following injections and biomechanical correction
are measurable with
plantar fascia thickness
Plantar fascia thickness should be measured at rest due to
strong influence of active MTP joint extension on US measurement

Healthy (20 feet):
● 3.40±0.45
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Maki et al.
(2017)

Non-randomized
controlled
study

Lo
w

Plaza-Man- Comparative Lo
zano et al. cross-secw
(2019)
tional study

Total:
● n=23 participants (10
male, 13 female–age
16-81; mean age
55.3)
● Unilateral PF–
contralateral side was
used as control

Symptomatic (23
feet):
● 4.40±1.60

Symptomatic:
● n = 35 (18 male, 17
female –age 37.545.9) with unilateral
chronic plantar heel
pain
Control:
● n=35 (18 male, 17 female –age 35.9-44.1)

Symptomatic (35
feet):
● 4.80±0.60

Contralateral
asymptomatic (23
feet):
● 3.10±1.00

Contralateral
asymptomatic (35
feet):
● 3.80±0.90

To compare MRI find- ●
ings before and after
extracorporeal shock
wave therapy (ESWT)
for chronic plantar
fasciitis

Plantar fascia thick- ●
ness of symptomatic and asymptomatic foot measured using MRI
before ESWT and 6
months after ESWT

Improvement in symptoms significantly correlated with improvement of edema around
the plantar fascia

To investigate relation- ●
ship between plantar
fascia thickness and
pressure sensitivity
over musculoskeletal
and nerve trunk areas ●
in individuals with
plantar heel pain

US used to measure ●
plantar fascia thickness at calcaneal insertion and middle
point.
Pressure pain
thresholds (PPT)
assessed bilaterally
using electrical algometer

Widespread pressure
pain hypersensitivity
over nerve trunks and
musculoskeletal structures found in patients
with unilateral chronic
plantar heel pain, suggesting altered central
nociceptive processing

To assess changes in ●
US measurement of
plantar fascia thickness
following dexamethasone injection

Plantar fascia thick- ●
ness assessed using
US before and after
dexamethasone injections into area of
maximum tenderness of plantar fascia

Ultrasound can be
used as a tool to identify plantar fascia improvement following
corticosteroid treatment

To analyze relation be- ●
tween plantar fascia
imaging results and patient histories for individuals with symptomatic plantar fasciitis

Ultrasound meas- ●
urement of plantar
fascia assessed in
relation to patient
age, BMI, affected
foot, and injury
timeline for symptomatic patients
compared to control

Thicker plantar fascia
thickness for acute injuries (less than or
equal to three months)
compared to control
and chronic injuries
(greater than three
months)

Healthy (35 feet):
● 3.15±0.60
Moustafa et Non-ranal. (2015) domized
controlled
study

Slayton et
al. (2018)

Lo
w

Case-control Lo
study
w

Total:
● n=21 participants (all
female–age 37.950.5)
● 5 bilateral PF
● 16 unilateral PF–
contralateral side was
used as control

Symptomatic (26
feet):
● 5.90±0.95

Symptomatic:
● n=126 including bilateral PF and unilateral PF
Control:
● n=71

Symptomatic (148
feet):
● 6.18±1.48

Contralateral
asymptomatic (16
feet):
● 3.40±0.58

Healthy (142 feet):
● 3.20±0.66
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Sutera et al. Diagnostic
(2010)
accuracy
study

Hig Symptomatic:
h
● n=20 (16 male, 4 female–age 24-45) with
unilateral plantar
fasciitis
Control:
● n=20 (14 male, 6 female–age 20-41)

Symptomatic (20
feet):
● 8.52±0.39
Contralateral
asymptomatic (20
feet):
● 4.64±0.09

To assess utility of
●
measuring plantar fascia thickness during
WB exam of ankle/hindfoot

MRI used to evalu- ●
ate plantar fascia
thickness in PF patients and controls ●
in supine position
and during WB
exam of the ankle/hind foot

WB MRI confirmed
PF diagnosis in 15/20
cases
WB MRI of ankle/hindfoot may better identify partial
tears of plantar fascia
compared to the supine position

To investigate
●
whether plantar fat pad
mechanics accounts for
difference in thicknesses for plantar fascial enthesis in patients
with plantar enthesopathy

Plantar fascial en- ●
thesis thickness
measured non-WB
using US

In the symptomatic
limb, the energy dissipation ratio of the
plantar fat pad is associated with US measurement for thickness
of plantar fascial enthesis

Healthy (20 feet):
● 3.70±0.24
Wearing et Case-control Lo
al. (2010) study
w

Symptomatic:
● n=9 (3 male, 6 female; mean age 48)
with unilateral idiopathic plantar heel
pain
Control:
● n=9 matched controls
(3 male, 6 female;
mean age 46)

Symptomatic (9
feet):
● 6.70±2.00
Contralateral
asymptomatic (9
feet):
● 4.20±0.40
Healthy (9 feet):
● 3.30±0.40
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National Foot & Ankle Review

Efficacy of Gait Exercise Assist Robot (GEAR)
In Stroke Patients
Laurin Larian B.A., M.A., M.A.
ABSTRACT
Introduction: Gait training is a commonly used rehabilitation method for helping patients with stroke improve their gait. Conventional methods use a treadmill
but a novel method of gait training uses the Gait Exercise Assist Robot, also known as GEAR. This review
examines the current literature about GEAR and how
it is used for rehabilitation of patients with acute and
chronic stroke.
Study Design: Review of the literature
Methods: A PubMed database search was performed
to include the following terms in the title “Gait Exercise Assist Robot AND Gear AND Stroke.” Inclusion
criteria were English and human species. There were
no exclusion criteria. All four articles yielded were
used.
Results: GEAR was effective in improving the walking ability of patients with stroke. Specifically, it assists patients in knee flexion during swing phase and
knee extension during the stance phase of gait in the
affected limb. Additionally, it reduces abnormal gait
compared to treadmill gait training.
Conclusion: The literature demonstrates that gait
training using GEAR improves gait in patients with
stroke compared to traditional training. Future studies
should include a larger sample size, reduced external
factors such as variability in gait training time, and
should be blinded.
Key Words: stroke, gait, robot, gait exercise assist robot, GEAR, hemiplegia, hemiparesis, treadmill, compensation, rehabilitation, 3D motion analysis
INTRODUCTION
Many stroke patients have disturbances in gait
which affect their quality of life. When the patient has
poor toe clearance, the stance and swing phases of gait
are unstable which decreases gait velocity and reduces
stability. Patients with stroke usually have decreased
step length of the unaffected side in addition to compensatory movements.1 Several gait disturbances that

stroke patients encounter are abnormal spatiotemporal
issues and compensation. These include circumduction
and hip hiking from disturbed kinematics of the affected limb. 2 Currently, treatment options for improving gait in patients with stroke include lower limb orthoses, electromechanical-assisted gait training, and
physiotherapy which allow for independent walking
but can also have negative effects.3 For example, a
knee-ankle-foot orthosis (KAFO) decreases knee
buckling, but it may also increase abnormal gait as the
KAFO increases the difficulty of independently
swinging the lower limb.1 Multiple modalities are
available to improve gait in patients with stroke. The
goal of structured speed-dependent treadmill training,
for example, is to promote faster walking speeds after
every training session. In limited progressive treadmill
training, speed is increased by up to 5 percent of the
initial walking speed every week.9 Lastly, conventional gait therapy is a form of physiotherapeutic gait
therapy which is established on the foundation of proprioceptive neuromuscular facilitation.9
Gait Exercise Assist Robot
The Gait Exercise Assist Robot (GEAR) is a gait
training assist robot that encompasses several aspects
of motor learning.4 The GEAR system is composed of
a wearable KAFO robot, low floor treadmill, robot
body weight support device, monitor, and control
suite. The training allows for knee flexion in swing
and increases cadence which in turn can increase
amount of exercise due to more steps taken.4 Feedback
can be provided to patients in real time and the level of
difficulty of exercise can be adjusted. Other GEAR adjustments include level of stance phase knee extension
assist, angle of swing phase knee flexion, and the
amount of body weight supported. These features in
addition to visual feedback enable stroke patients to
practice gait with decreased assistance, and facilitate
swing-out, which may increase cadence and gait training tolerance.4 This literature review highlights the
benefits of GEAR training in patients with stroke.
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METHODS
A PubMed database search was performed to include the following terms “(Gait Exercise Assist

Robot[Title] AND Gear[Title] AND Stroke[Title])”.
Inclusion criteria were English and humans. The
search yielded four results. There were no exclusion
criteria. All four articles were used. Figure 1 shows a
summary of the methods for this paper.

Figure 1. Summary of Article Acquisition
RESULTS
In a cross-sectional study by Katoh et al., 15 hemiplegic patients consisting of 8 males and 7 females,
were enrolled and received gait training using GEAR.
Inclusion criteria were patients with hemiplegia due to
primary supratentorial intracerebral hemorrhage or
cerebral infarction, age range between 20 and 75
years, start gait training using GEAR within 60 days
of onset of hemiplegia, and capacity to walk over 10
meters without fall risk. For the control group, 15
hemiplegic patients who did not receive gait training
using GEAR from the hospital database were matched
to the study participants via the Stroke Impairment Assessment Set-Lower Extremity scale. The participants
in the GEAR group received GEAR training for 40
minutes per day, 5 days a week. The training was continued until the patients could walk over 10 meters
with a cane, ankle foot orthoses and supervision. The
training was also extended if the physiatrist saw that
continued training would be beneficial and discontinued when the physiatrist decided that no additional
benefit would result. During the trial, both the GEAR
participants and matched control group received physical therapy, occupational therapy, and speech language hearing therapy for a maximum of 180 minutes
per day. Measures for this study included primary outcomes which measured index values indicating the degree of 10 abnormal gait patterns, and secondary outcomes which measured spatiotemporal factors and
comfortable overground gait velocity. With the start
of the training, patients needed manual assistance from
the therapist and gait analysis could not be performed,
so comparison were only made post-GEAR training.

The measurements were taken using a 3D motion
analysis system and camera. Colored markers were applied, and patients walked on the treadmill. They
found significantly lower index values of insufficient
knee flexion during swing phase (43.6 (index value)
GEAR, 58.4 control), hip hiking (4.38 GEAR, 6.37
control), and excessive lateral shift of the trunk over
the unaffected side (10.1 GEAR, 13.3 control) in the
GEAR group (p<.05). A lower score of insufficient
knee flexion during swing phase in the GEAR group
indicates that the patients were able to have sufficient
flexion in swing, which is necessary for clearance to
prevent tripping and falling. Moreover, the GEAR
group had significantly higher stride length, unaffected
step length, and comfortable overground and treadmill
gait velocity compared to the control group (p<.05). A
higher stride length indicates an increase in the stability of the affected limb in weight bearing which increases velocity. 5 A randomized controlled trial by
Tomida et al. (2019) examined 26 patients in which 13
(5 male, 8 female) were randomly assigned to the control group, and 13 (11 male, 2 female) were assigned
to the experimental group that used gait training with
GEAR. Inclusion criteria were patients with hemiplegia post primary stroke with ages ranging from 20 to
79 years, Stroke Impairment Assessment set total
lower limb motor function score between 0 and 3,
Functional Independence Measure (FIM) walk score
between 1 and 3, FIM Comprehension score of at least
3, and FIM memory score of at least 3. FIM is a scale
reflection of daily living activities consisting of motor
and cognitive items. Patients received training for 4
weeks starting from one week after admission.
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Table 1. Variables Assessed by 4 Articles
Article Authors
Number of Treatment
Patients
Period
Katoh et al. 2019 30
Not stated
Tomida et al.
2019
Ogino et al. 2020

26

4 weeks

19

4 weeks

Ogino et al. 2020

19

4 weeks

Groups

Outcome Measures

2 groups:Control (retrospective) and GEAR
2 groups:Control and
GEAR
2 groups:Control and
GEAR
2 groups:Control and
GEAR

Gait patterns, spatiotemporal factors

The GEAR group received physiotherapy 60 minutes a
day, GEAR training 40 minutes a day, and occupational therapy 60-80 minutes a day. The control group
received physiotherapy 60 minutes a day, conventional
gait training 40 minutes a day, and occupational therapy 60-80 minutes a day.
Evaluations were made at four intervals: at admission, every week during the 4-week intervention, 8
weeks from the intervention, and at discharge. Primary
outcome measures included improvement efficiency
via the FIM walk score. The FIM walk score was used
to measure efficiency of gait. This was calculated
when patients achieved a FIM walk score of 5 during
the intervention period, or weekly increases in the
score in patients who did not reach a score of 5. For
example, if the FIM walk at the end of intervention
was 5 or more, the efficiency was calculated using the
following equation: 5 minus the score of FIM walk at
the start of intervention, and that value divided by the
number of weeks to reach the score of 5. Secondary
measures included gain in FIM walk score from before
intervention to 4 weeks after intervention, 8 weeks after start of intervention, and discharge. The researchers
found significantly higher FIM Walk improvement efficiency in the experimental group (0.7) compared to
the control group (0.4) (p =.01). Furthermore, the
GEAR group had significantly higher FIM walk score
gains after 4 weeks of intervention (2.2) compared to
the control group (1.5). However, there were no significant differences in FIM walk score at 8 weeks after
the start of intervention and at discharge.6
A randomized controlled trial by Ogino et al.
(2020) evaluated 19 stroke patients, of which 11 were
randomly assigned to the control group with treadmill
training and 8 to the experimental group with GEAR
training. Inclusion criteria were patients who had
chronic hemiparetic gait after having an ischemic or
hemorrhagic stroke, and more than 6 months had
passed since the stroke event. The GEAR training patients received 20 sessions of GEAR training for 40
minutes per day 5 days per week. The treadmill group

FIM-walk improvement efficiency, SIAS-L/E
scores
Gait patterns, spatiotemporal factors, Global
Rating of Change (GRC) scale
Gait parameters, Timed Up and Go (TUG) test,
Medical Outcome Study Short Form Health
Survey, Global Rating of Change (GRC) scale

received gait training via the treadmill function of the
GEAR as they did not wear a KAFO robot and did not
have a body weight support device via the robot or a
monitor. All patients received physiotherapy for 60
minutes, 5 times a week for 4 weeks. Primary outcome
measures were 10 abnormal gait patterns such as hip
hiking, excessive hip external rotation, and retropulsion of the hip. This was measured using 3D analysis
with colored markers and cameras. Secondary outcome measures were Global Rating of Change (GRC)
scale and spatiotemporal gait parameters such as gait
velocity and stride length. GRC quantifies improvement or worsening of gait patterns to determine the effects of intervention or document the clinical course of
the condition. These factors were measured prior to
and after training, as well as one month and three
months follow up. The researchers found that the
GEAR group had significantly lower hip hiking one
month post intervention compared to before intervention. Excessive hip external rotation was also lower
three months post intervention in the GEAR group. In
addition, the GEAR group had significantly faster gait
velocity (1.2km/hr vs 1.1km/hr), larger affected side
stride length (62cm vs 52.2cm) and unaffected side
stride length (61.6cm vs 52cm) three months post intervention compared to before intervention. GRC scale
scores were also significantly higher in the GEAR
group after the intervention, at one and three months
follow up. On the other hand, the GRC scale scores
were higher in the treadmill control group only at one
month follow up compared to pre-intervention.7
Last, another randomized controlled study
published by Ogino et al. followed the same format as
the previously mentioned Ogino study. It may be that
the study consists of the same patients and intervention, but different outcomes were measured. Again,
they evaluated 19 stroke patients, of which 11 were
randomly assigned to the control group with treadmill
training and 8 to the experimental group with GEAR
training. Inclusion criteria were patients who had a
history and presentation of stroke with hemiparesis
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due to infarction or hemorrhage, and more than six
months had passed since the stroke event. Both the
GEAR training group and the treadmill group were
trained the same way as the previous study. The researchers evaluated gait using a 6-minute walk test,
Timed Up and Go test (TUG), Medical Outcome
Study 8-item Short Form Health Survey (SF-8), and
GRC scale. The TUG test is a measure of transfer
ability where a participant stands up from a seated position, walks 3 meters, turns around, and walks back to
the seated the position as quickly as possible. The 6minute walk test assesses endurance and speed of gait,
and the SF-8 scale evaluates quality of life. These
measurements were obtained at baseline, completion
of training (week 4), one month follow up (week 8),
and three months follow up (week 16). They found
that in the GEAR group, there was significantly higher
gait speed after completing the training and one month
post training compared to baseline. Stride length was
also significantly increased three months post-training
compared to baseline in the GEAR group. Additionally, compared to the control group, the GEAR group
had significantly greater changes in both TUG and 6minute walk test after completing the training. The
GEAR group also had a significantly greater mean
change in general health using SF-8, 1 month post-intervention. Furthermore, both groups had significantly
increased GRC scale scores at completion, one month
follow up, and three months follow up. However, this
study found that during gait training, the control group
had a significantly greater mean gait distance compared to the GEAR group.8
Table 1 displays outcome measures for each of the articles discussed.
DISCUSSION
Stroke patients with gait abnormalities normally
receive gait training using a traditional treadmill-based
protocol. Currently, gait training using the novel
GEAR equipment has been shown to be an excellent
treatment option for gait improvement. When used in
conjunction with physical therapy, speech language
and hearing therapy, and occupational therapy, gait
training with GEAR have improved gait. This has
been validated by Katoh et al., Tomida et al., and
Ogino et al., where they found that patients who received gait training using GEAR had significantly
lower gait abnormalities in several areas compared to
patients who received regular gait training without
GEAR. Both the study by Katoh et al. and the first
study by Ogino et al. observed the 10 abnormal gait
patterns in the stroke participants. Both studies found
that the GEAR group had less hip hiking and decreased external hip rotation, which are key components of gait stability. Additionally, spatiotemporal
factors such as stride length were similar in both

studies in which the participants of the GEAR group
had increased stride lengths. Both the studies by
Tomida et al. and the second study by Ogina et al. observed higher GRC scores in the GEAR group participants.
CONCLUSION
From this literature review, it can be concluded
that GEAR training is a safe and effective method of
improving gait in patients with stroke. The articles assessed indicate that GEAR training improves gait by
reducing abnormal gait patterns. However, a limitation
of this review is that only two randomized controlled
trials and one cross-sectional study were referenced,
all with small sample sizes. More studies are needed to
confirm a correlation between GEAR training and improved gait, and whether GEAR training is superior to
traditional gait training. Future studies should also include a larger randomized controlled trial with a
longer follow up period.
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Custom Total Talus Replacement: A Case Study
Liliya Parkman, B.S., Thomas J Chang, D.P.M.
ABSTRACT
Custom total talus replacement using three-dimensional printing is a novel treatment option for talar injuries and pathologies. We present a single case study
of a 76-year-old male who had chronic pain in the
left ankle for many years after an attempted ankle arthrodesis surgery that proceeded to a non-union. The
patient was treated with a cobalt chrome total talus
implant. The implant was created using three-dimensional printing from a CT scan of the healthy contralateral talus and the tibial component of an ankle replacement At 14 months post-replacement, the patient has increased range of ankle joint motion and
decreased pain. Further follow up is needed, but the
current results are promising.
INTRODUCTION
The talus is critical for normal function of the ankle, subtalar, and transverse tarsal joints. Injury to
any part of the talus can interfere with normal motion
and result in pain, deformity and loss of motion. The
most common causes of a non-salvageable talus include avascular necrosis, infection, tumor, a failed total ankle replacement, or failed arthrodesis.1 The prevailing etiology for talar avascular necrosis is a displaced talar neck fracture with up to a 60% risk of
developing avascular necrosis.1,2
Management of patients with the above conditions begins with non-operative approaches such as
activity modification and bracing. However, these interventions do not address the underlying pathology,
and many patients go on to fail conservative
measures.3 Various approaches and materials have
been attempted for treatment of these talar destructive
conditions, but the best treatment option has yet to be
determined. The current standard of care for severe
arthritis of the talus or avascular necrosis has been arthrodesis of the joints involved, talectomy, total ankle
replacement, Blair-type fusion, and below-the-knee
amputation.1,4 Although an arthrodesis creates stability, there is an expected functional loss which leads
to disability, especially with associated loss of height.
Arthrodesis also has along recovery, frequent

complications, and a poor functional outcome.5 Another option in select cases has been Femoral Head
Allografts (FHA). FHA can restore normal limb
length, but poor clinical outcomes and high non-union rates have raised concerns. FHA for bulk allograft
treatment have reported fusion rates ranging from
46% to 86%.6 Large bulk allografts also increase the
risk of infection and for graft collapse and subsidence.7
Patient-specific three-dimensional (3D) implants
have potential benefits over FHA, including no graft
collapses, increased strength, patient-specific custom
sizing, coatings to promote bone growth, and decreased risk of infection.7 Potential disadvantages of
total talar replacement include instability, pseudoarthritis, migration of implant, and fracture of implant.
These complications have not been well documented
in the literature, but more research on the subject,
will allow for these complications to be truly quantified.5 A study by Steele et al. compared fusion rates,
graft resorption, and complication rates between patients undergoing TTC fusion with custom 3D sphere
implants versus FHA. This study found that the rate
of total fused articulations was significantly higher in
the 3D sphere group (92%) than the FHA group (68%
p=0.16). The number of patients achieving successful
fusion of all three articulations was higher in the 3D
sphere group (75%) than the FHA (42.9%, p =.22).
The rate of graft resorption was significantly higher
in the FHA group (57.1%) than the 3D sphere group
(0%, p =.016).7 Total talar replacement (TTR) has become a more viable option in patients with severe
bone loss.
The purpose of this paper is to report results of a
custom 3D-printed cobalt chrome total talus implant
and an insertion of a total ankle tibial component for
a patient who had a painful non-union after an ankle
fusion.
CASE REPORT
A 76-year-old male visited the outpatient clinic
with years-long, chronic pain in his left ankle. The
patient had a past medical history of pre-diabetes,
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asthma, and heart disease. He had an ankle fusion 10
years ago that developed in to a non-union. Although
he tries to be active, he has significant daily pain that
impacts his quality of life.
On physical exam, the patient had a well-healed
incision on the anterior aspect of the ankle. There
was pain to palpation on the anteromedial and anterolateral ankle. With manual movement there was
noted motion of the ankle joint. Some slight crepitus
was also noted in this area. He had reasonable alignment of his tibia to his foot in stance. He had palpable pulses of his dorsalis pedis and posterior tibial arteries (2/4). Radiographic analysis revealed a breakage of the metal, especially the screws on the anterior
ankle. There did not appear to be much talus to work
with, and the x-ray showed deep fixation screws that
would be difficult to remove (Fig 1). CT scans
showed a clear non-union of the ankle joint (Fig 2).
The subtalar and tibio-talar joints are also clearly arthritic. Broken screws are visible within the talus and
a posterior to anterior “home run” screw aggravates
the removal of fixation. After evaluation of the patient and his radiographs, it was evident that the patient may benefit from a new talus.

Figure 1. AP, MO, LAT views of the left ankle showing hardware breakdown particularly of the screws on the anterior ankle. Destructed talus and deep fixation screws.
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next surgery included an anterior ankle arthrotomy
for which a direct standard approach was performed.
All soft tissue and overlying joint capsule were removed from the talus. An osteotomy was performed
to divide the talus into components. The talus and tibial plate were removed. Trial implants were inserted.
Appropriate fit was determined by assessment of articulations, stability to stress, and intraoperative
fluoroscopy. Trial and actual cobalt chrome implants
based on the preoperative CT scan as well as a 2mm
smaller and a 2mm larger implants were available.
The true-to-size implant matched to the CT scan had
the best fit and was inserted (Fig 4). A metal tibial
component was inserted as well so that the patient
could move his ankle. Since the subtalar joint was arthritic, the metal talus was fused to the calcaneus (Fig
5).

Figure 3. Total talar replacement sizers and their respective 3D printed custom cobalt chrome total talus.
Three sizes were available, one mirror duplicated of
the contralateral limb and the others 2 mm larger and
smaller.

Figure 2. Coronal and Sagittal CT scan showing nonunion of ankle joint. The subtalar and ankle joints are
clearly arthritic. Broken screws within the talus and a
posterior screw which aggravates the removal of fixation.
Surgical approach
Operatively, the posterior screw was removed
first through a posterolateral incision. The patient’s

Figure 4. Intraoperative AP Fluoroscopic image of
the true to size trial implant matched to the CT scan.
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Postoperative management and results
A 76-year-old male with painful non-union after
a previous ankle fusion successfully underwent totaltalar replacement with the insertion of a total ankle
tibial component.
At 14 months post procedure: The patient has
done well. He did have lateral hindfoot pain along the
lateral subtalar joint region up until 31 weeks postprocedure for which a cortisone injection was given
once at the 31 weeks. He no longer has pain at 14
months. He has adequate range of motion of his ankle. The images appear stable. The subtalar joint fusion is incorporating. (Fig 6). He completed his physical therapy for range-of-motion exercises. He is
functioning well and is happy with his current level
of progress.

was arthritic, the cobalt chrome talus had to be fused
to the calcaneus. A major complication of foot and
ankle arthrodesis is non-union, which occurs in approximately 12% of cases.8 Total talar replacement,
which avoids non-union, has other advantages including preservation of range of motion, limb length
preservation, and preservation of function. 5
The limitations of this paper are that it concerns a
single patient and that there has been a short followup period.

Figure 5. Orthobiologic material applied to the talus
to promote fusion of the subtalar joint.
DISCUSSION
Total talar implants, with a variation of morphology and compositions, have been used to successfully
treat talar pathology. In 1997, Harnroongroj et al.
were the first to describe using a talar implant as a
treatment option for patients with a non-viable talus.
These first-generation implants were composed of a
talar body prosthesis with a peg into the talar neck
and head. Second-generation implants included a
prosthetic talar body without a peg. The currently
used third-generation implants replace the talus in its
entirety.1,4,5
Femoral head allografts have fallen out of favor
with low union rates reported. The size of these allografts likely do not allow complete revascularization
and end up with central collapse as weightbearing begins. Femoral head allografts have been shown to
have poor outcome predictability. Custom metallic
spherical implants have shown to decrease the rate of
non-union compared to femoral head allografts.7 In
this case, it was decided to allow the ankle to regain
some motion after 10 years of non-union, hence a tibial component was placed. Because the subtalar joint

Figure 6. s/p 14 months: AP, MO, LAT Radiographs show that there is good alignment and good
consolidation with the tibial component as well as
with this this talar component. at both the subtalar
and talonavicular joints.
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CONCLUSION
In this study, we reported on a successful total talar
replacement with added tibial component. The patient
has increased range of motion and decreased pain
post-operation. The patient is able to perform more
activities and is satisfied with the results. Custom 3D
implants are an option in these difficult cases, particularly where there is moderate to large areas of bone
loss.

4.
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Efficacy of Total Talar Replacement for
Treatment of Avascular Necrosis of the Talus
Gautam Sowda, B.S.
ABSTRACT
Avascular necrosis (AVN) of the talus, while relatively rare, is a debilitating injury causing a significant
reduction in quality of life and function. Over the
years, several conservative and surgical treatment options for talar AVN have emerged with varying degrees of efficacy. Conservative treatment, consisting
of casting or shockwave therapy, is typically reserved
for non-ambulatory patients or patients in whom surgery is contraindicated. In surgical cases, options include core decompression, bone grafting, arthrodesis,
amputation, and total or partial talar replacement.
Since the 1980s, talar prostheses have been available.
Prosthetics have evolved from handmade acrylics partials to three-dimensional (3D) printed metal alloy totals. Studies has demonstrated that the total talar prosthetic provides a better fit and fewer complications
compared to a partial talar replacement. This paper reviews the limited recent studies on total talar replacement. These have shown good functional outcomes,
preservation of a range of motion, and low complication rates. However, further research on the longevity
of implants, revision options, and preferred materials
is still needed. Overall, total talar replacement is a viable option for treating avascular necrosis of the talus in
patients who would benefit from a preserved range of
motion with an understanding that further revision
may be necessary.
BACKGROUND
Total talar replacement was first described in
1983 by Neches. These early prostheses were handmade using acrylic resin. 1 Harnroongroj was the first
to popularize talar body prosthesis in 1997. 1 These
partial prostheses were fashioned from stainless steel.1
Taniguchi et al. showed that total prostheses were superior to partial replacements. 2 They also experimented with new material, alumina ceramic 2 More recent studies have moved on to 3D printed or milled
models. The newest talar material is cobalt chromium.1

AVASCULAR NECROSIS OF THE TALUS
The anatomy of the talus is unique in several aspects. Sixty percent of its surface is covered with avascular cartilage.3 Additionally, the talus has no muscular or tendinous attachments. As such, the extraosseous arteries are the primary blood supply to the talus.
While these vessels provide the talus with a sufficient
blood supply, the vessels are susceptible to injury in
traumatic instances.3
Three etiologies categorize AVN of the talus. The
first is idiopathic, which accounts for 10% of cases.
The second is medication-induced, making up 15% of
patients, and is from steroid use. Most common is
post-traumatic, making up 75% of the cases. Of these
talar fractures, 50% occur in the talar neck, which also
account for 90% of the cases of AVN. For this reason,
the Hawkins classification of talar neck fractures is
closely tied with the likelihood of developing talar
AVN. Hawkins stage I is a non-displaced vertical talar
neck fracture associated with a 10-15% chance of
AVN. Stage II is a dorsally displaced neck fracture
with subtalar subluxation, resulting in a 20-50%
chance of AVN. Stage III and IV are associated with a
75-100% chance of AVN, with stage III involving the
ankle joint and stage IV involving the talonavicular
joint.4
AVN of the talus presents clinically as pain at the
ankle or subtalar joint with possible shortening of the
affected limb. X-ray is the primary imaging modality
for diagnosis. At six to seven weeks post-injury, revascularization can be detected by the presence of a Hawkins’s sign, an area of subchondral radiolucency in the
talar dome. In its absence, there is a greater likelihood
of AVN, which can be assessed via magnetic resonance imaging (MRI).4 Treatment may be surgical or
non-surgical. Non-surgical treatment includes prolonged non-weight bearing immobilization, extracorporeal shockwave therapy (ECSWT), and bone marrow aspirate injections. 5 It is important to maintain
non-weightbearing for an extended period of time, as
63% of those who were kept non-weightbearing for
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only three months had a poor outcome. 5 Overall, conservative treatment is a realistic option in non-ambulatory patients but can result in a poor outcome in an active patient.
There are several surgical treatments available.
One treatment, core decompression, has good outcomes in the early stages of osteonecrosis.6 Bone
grafting, also possible for early osteonecrosis, involves
challenges in placement and risk of donor site morbidity. At later stages of osteonecrosis, arthrodesis is a
common treatment. However, as with any fusion, there
is a loss of range of motion and a risk of malunion or
nonunion. A last resort is amputation. Over the last
few decades, however, partial and total talar replacement (TTR), have become available.6
SURGICAL TECHNIQUE
The surgical technique for most TTR uses an anterior incisional approach, located between the extensor hallucis longus and the tibialis anterior tendons.
The talus is exposed and all soft tissue attachments to
the talus are removed. The talus is then divided into
anterior, middle, and posterior wedges, which are then
removed, starting with the middle, and ending with the
posterior wedge. At this time, implants are trialed, selected, and placed. Patients are kept non-weightbearing for approximately three weeks and transition to a
normal shoe begins at six weeks.7
LITERATURE REVIEW
As TTR is relatively new, few outcome studies
have been published. A 2015 study by Taniguchi et al.
assessed postoperative outcomes in patients who underwent TTR. The study was a 7-year retrospective
study with a sample size of 55 patients. The mean follow up was 52.8 months, ranging from 24 to 96
months. The authors used the Japanese Society for
Surgery of the Foot (JSSF) and the Ankle Osteoarthritis Scale (AOS) scoring systems to measure outcomes.
JSSF scores pain, function, and alignment, while AOS
considers pain and function only. There was a statistically significant improvement in pain and function
with both scoring systems. The range of motion at the
ankle joint was also maintained or improved. On the
JSSF scale, scores improved from a mean of 45.5 preoperatively to 84.9 postoperatively. Pain on the AOS
scale improved from a mean of 6.1 to 2.0. All findings
were statistically significant at the p < 0.01 level. The
authors concluded that TTR was an efficacious treatment modality. A shortcoming of this study was that it
was retrospective. Its strengths were its large sample
size compared to other TTR studies and long followup period.2
Scott et al. published a study in 2020 on the outcomes following TTR using custom 3D printed implants. This 2-year retrospective review included 15

patients who underwent TTR with a 3D printed cobalt
chromium talus. Mean follow up was 12.8 months.
Pain and functional outcomes were measured. The
Visual Analog Scale (VAS) pain score significantly
improved from 7.0 preoperatively to 3.6 postoperatively. For Foot and Ankle Outcomes Scores (FAOS),
there was a significant improvement in pain, activities
of daily living, symptoms, and quality of life. In this
study, the range of motion was not significantly improved. Statistical significance was defined at a pvalue < 0.05. The authors also reported one complication, resulting in a 6.7% re-operation rate. The shortcomings of this study included the short follow up and
small sample size.8
Kadakia et al. (2020) analyzed 3D printed implants. Their retrospective study reviewed three years
of data, included 27 patients, and had a 1-year follow
up. Significant improvement was shown in VAS
scores from 7.1 to 3.9. The range of motion at the ankle joint was maintained but not improved. They reported three unspecified minor complications. One
shortcoming of their study was the careful patient selection, which eliminated complicated patients, leading to an artificially decreased complication rate. Despite this, the complication rate was relatively high at
~11%. However, the authors concluded that TTR was
a good procedure choice.7
CONCLUSION
Overall, the literature supports that TTR is a
viable option for select patients with talar AVN. It is
especially useful in the late stages of AVN for preserving range of motion and providing good functional
outcomes. However, it does have shortcomings in limiting possible revision procedures and unclear longevity. In the current literature, there are few high-power
studies investigating TTR. Further research is needed
on the best materials and manufacturing methods,
long-term outcomes, and TTR versus arthrodesis.
While there are still many improvements to be made,
TTR is a novel, evolving, and efficacious treatment
option for AVN of the talus.
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Avascular Necrosis as a Late-Onset Complication of
Talar Subchondroplasty and Bone Marrow
Aspirate Concentrate Treatment: A Literature Review
Michelle Kung, B.S., Nabih Armout, B.S
ABSTRACT
Subchondroplasty is a novel procedure in which
a calcium phosphate compound is injected into a
bone marrow lesion to fill a subchondral defect. This
technique is simple, minimally invasive and has been
perfected in the knee. Documented case studies have
demonstrated the advantages of this procedure: minimal pain, quick return to weight bearing, and overall
patient satisfaction following the procedure. Although subchondroplasty has worked well as a treatment for talar bone marrow lesions (BML), few studies have focused on the long-term effects and complications of the procedure.
This paper reviews recent case reports of
late-onset talar avascular necrosis (AVN) following
subchondroplasty, identifying possible risk factors
and questionable surgical techniques. Case studies
were retrieved through the EMBASE electronic database using search terms: talar AND subchondroplasty
AND necrosis. References listed in all selected articles were screened for additional articles.
We conclude that although subchondroplasty is a promising treatment for talar BML, it is
not without risk, especially in patients with pre-existing risk factors.

INTRODUCTION
Osteochondral defects and bone marrow lesions
An osteochondral defect (OCD) is a subchondral
bone lesion that typically occurs following injury. 1,2
The subchondral bone layer supports the overlying
articular cartilage, absorbing and evenly distributing
forces at the joint.3 With repetitive stress, the subchondral bone layer may fail, resulting in a BML
which appears on MRI as an intermediate or low T1
signal intensity and a high T2 signal intensity.4 Due
to the avascular nature and poor healing potential of
cartilage, BMLs are considered to be an early indicator for joint and cartilage deterioration especially at
the ankle. Although ankle joint cartilage can tolerate
higher force, its smaller contact area results in a
greater amount of force per square centimeter, creating an environment for potential cartilaginous injury.
6
OCD lesions are classified using the Berndt and
Harty classification
(Table 1).
Treatment strategies
Treatment for BML depends on the size and severity of the defect.5 Cast immobilization and decreased weight-bearing may be indicated for stage IIII lesions, but have a reported success rate of only
45-53%.2,5

Table 1: Berndt and Harty classification7,13
Stage 1

Compression of the lateral talar dome against the fibula as the foot inverts

Stage 2

Rupture of the lateral ligament and early avulsion with further inversion

Stage 3

Complete detachment of the avulsed fragment, but still remains in place

Stage 4

Complete detachment of the avulsed fragment with displacement
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Surgical treatment includes arthroscopic reparative
and restorative techniques. Reparative techniques include bone marrow stimulation and autologous chondrocyte implantation, while restorative techniques include osteochondral allograft, autologous osteochondral transplantation and juvenile cartilage allograft.5
Although arthroscopic intervention is a first-line
treatment for BML, success typically decreases with
increasing lesion size and higher Berndt and Harty
stages.8 Additionally, these procedures may further
impair the structural integrity at the surgical site, raising concerns for subchondral cysts and fibrocartilaginous injury. To minimize these adverse effects, biological substances such as concentrated bone marrow
aspirate and platelet rich plasma have been used to
improve the healing process.5
Subchondroplasty
Subchondroplasty (Zimmer Holdings, Inc; Warsaw, IN), a novel approach which was originally intended for BMLs of the knee joint, has been adopted
for the ankle joint. In this this technique, a calcium
phosphate substitute is injected under fluoroscopy
into a subchondral defect.1 The bone substitute crystallizes through an endothermic reaction and is eventually resorbed and replaced with cancellous bone.3
Technique
Prior to the procedure, arthroscopy is used to
evaluate the joint.3 A trocar is inserted, from anterior
to posterior, into the region of highest signal intensity.9 MRI imaging is used to confirm the location of
the BML before subchondral drilling is performed. 3
Flowable calcium phosphate is then injected into the
defect under fluoroscopic imaging until the material
adequately fills the BML.3 Past studies recommend
injecting <1.5 cm3 of bone substitute to avoid excessive pressure at the affected area.9 Fluoroscopy and
arthroscopy are used to confirm appropriate filling of
the defect and lack of extravasation.3
Advantages and disadvantages
Past studies have demonstrated talar subchondroplasty to be effective in reducing pain associated with
BML’s. In a study by Chan et al, an improvement in
mean visual analog pain scores (7.8 to 5.4 at week 2,
2.1 at week 6, and 1.8 at week 52) followed a subchondroplasty and bone marrow aspirate concentrate
injection for treatment of OCD lesions. Furthermore,
the study demonstrated an improvement in the mean
Foot and Ankle Outcome Score (67.1 to 89.6).9
Subchondroplasty also offers early return to
weight bearing and activities compared to other surgical treatment options. Most studies recommend six
weeks of non-weight-bearing, followed by transition
to an ankle brace, functional rehabilitation and return

to full activities as soon as 3-9 weeks post-operatively.3,9 Cohen et al1 suggests full return to activities
as tolerated 4-8 weeks postoperatively with strict
continuation of physical therapy. Overall, subchondroplasty offers good patient satisfaction with minimal pain 10 months after the procedure.3
Despite its advantages, some studies have
demonstrated complications associated with subchondroplasty. In a study conducted by Chan et al.9, one
patient experienced pain from a talar neck stress fracture five weeks postoperatively. However, it is noted
that this patient had a higher BMI and received a
greater volume of bone substitute (>1.5cm 3) which
may have increased the risk of complication. Recent
studies have focused on long-term complications of
subchondroplasty and have reported instances of
AVN on average of more than one year postoperatively.
METHODS
Case studies were retrieved through the
EMBASE electronic databases using search terms:
talar AND subchondroplasty AND necrosis. References listed in all selected articles were also screened
for additional articles.
Studies were selected that focused on AVN
as a complication of subchondroplasty. First the articles were found using the Boolean search terms referenced above. Then, articles were selected based on
whether this complication was analyzed as a primary
or secondary objective of the study. Excluded studies
included those that focused on anatomical regions
that were not the talus and those that did not address
AVN as possible complication of the procedure.
Case Studies
Case 1
In a retrospective study, Foran et al.10 evaluated
incidents of talar AVN in five patients that underwent
subchondroplasty with or without acute ligament repair. All patients received initial treatment at outside
institutions and were seen at Rush University Medical Center for post-operative care. The subjects had
the following demographics:
- Average age: 23 years (range: 16-31 years)
- Medical status: healthy with no disclosed
risk factors for talar AVN
- MRI reports: talar bone marrow edema and
ATFL injury
All patients underwent subchondroplasty within
2-4 weeks after the initial ankle ligament injury. This
initial procedure involved insertion of a cannula into
the talar body from medial to lateral, followed by injection of calcium phosphate under fluoroscopic
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guidance into the subchondral defect. Two of the patients underwent an additional open Broström repair
and all patients had physical therapy postoperatively.
All patients experienced initial symptomatic relief but reported progressively worsening pain after
six months. In three out of the five patients, MRI
findings revealed a diffuse increase in signal intensity
surrounding the low signal area where the calcium
phosphate bone substitute was injected, indicating deterioration. Two out of these three patients underwent
subsequent ankle arthroscopy with bone marrow
stimulation while the third patient underwent a total
ankle replacement. The remaining two out of the five
patients had additional collapse and fracture of the
talar dome due to complications of AVN. One collapse occurred in the medial talar dome one year
postoperatively and the other collapse occurred in the
lateral talar dome eight months postoperatively with
both considering ankle arthrodesis to resolve pain.
Given that iatrogenic talar AVN is very rare with
the Broström repair procedure, it is especially concerning that the incidence of AVN drastically increases with the additional implementation of subchondroplasty. Authors of this study note that subchondroplasty in these patients involved insertion of
the cannula from medial to lateral rather than anterior
to posterior as described in previous studies.9 It is
suspected that due to the delicate talar vasculature, a
medial to lateral approach may result in vascular disruption and compromise.

Case 2
In another retrospective study, Kohring et al. 11
describe two cases of talar AVN following a subchondroplasty for talar BML. The first patient was a
35-year-old who presented nine months after subchondroplasty, lateral ligament reconstruction and arthroscopic ankle debridement with signs and symptoms of complex regional pain syndrome. The second
patient was a 58-year-old who presented seven
months after subchondroplasty complaining of pain
that was worse than that before the procedure. The
first patient was treated with NSAIDs and physical
therapy, while the second patient was treated with
foot orthosis, Gabapentin and NSAIDs. MRI and CT
imaging were obtained about one year postoperatively with both revealing AVN in the medial talar
dome and collapse at the site of calcium phosphate
injection. The second patient presented with further
deterioration and AVN involving most of the talar
body.
These findings contrast with a previous study
conducted by Miller et al.3 where a patient reported
minimal pain and full return to activities following a
subchondroplasty procedure. Another study by Chan
et al.9 reported improvement in the mean visual analog scale for pain (7.8 to 1.8) and in the foot and ankle outcome score (67.1 to 89.6) 1-year postoperatively. However, neither study mentions that post-operative radiographs were obtained, which may
account for the possibility of overlooking any talar
AVN that may have been present.

Table 2: Concomitant Procedures12
Procedure

Amount

Ankle Arthroscopy

7

OLT microfracture

5

Lateral ligament repair (modified Brostrom)

5

Lateral ligament repair (allograft reconstruction)

1

Deltoid Ligament repair

1

Case 3
In a third retrospective study, Hanselman et al.12
followed seven patients with radiologic evidence of
talar AVN for an average of 23 months postoperatively. Inclusion criteria for this study included having a talar subchondroplasty for a BML after September 2015.12 All patients also underwent additional
concomitant procedures for other injuries that were

present as listed in Table 2. Demographics for the
patients in the study included the following:
- Average age: 48 years (range: 34-69)
- BMI range: 26-42
- Gender: 3 males, 4 females
- Health status: one had been previously hospitalized
for alcoholism, two were receiving steroids for
chronic asthma and psoriasis
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Table 3: Mont Classification of Avascular Necrosis14
I

Normal

II

Cystic and/or osteosclerotic lesions, normal contour of talus, no subchondral fracture

III

Crescent sign or subchondral collapse

IV

Joint-space narrowing, secondary distal tibial changes (cysts, marginal osteophytes and destruction of the cartilage)

Authors of the study identified three patients that
demonstrated risk factors for AVN including alcoholism and chronic steroid use. Other comorbidities included HTN, CAD and tobacco use. The average
time for clinical suspicion of AVN was 10 months
(range of 2-25 months) after the index procedure with
patients reporting worsening symptoms. On the other
hand, the average time for radiologic confirmation of
AVN by MRI and CT was 23 months (range of 6-38
months). Results also revealed two patients with
stage III AVN and five patients with stage IV AVN
according to the Mont classification described in Table 3. Additionally, histologic assessment and intraoperative bone biopsy were performed for two of
the patients during the operation for AVN treatment.
All seven patients had AVN with four patients undergoing total talar replacement and three patients undergoing conservative management.
One limitation of the study was that the amount
of calcium phosphate injected for each patient was
unknown. Excessive volumes of bone substitute may
increase susceptibility for talar AVN, though a causal
relationship has not been determined. Furthermore,
although the exact approach of subchondroplasty for
each patient was unknown, it is possible that the talar
blood supply was compromised from improper surgical technique. Authors of the study refer to the “second hit phenomenon” to describe disrupted talar
blood supply due to surgical approach, cannula insertion, injected calcium phosphate volume, injection
pressure, etc.12

DISCUSSION
The subchondroplasty technique has been shown
to improve subchondral bone integrity and remodeling at the knee joint, and more recently at the ankle
joint. Although the literature describes it as a minimally invasive procedure that offers adequate pain relief and quick return to activities, few have studied
late-onset complications post-operatively.
We present three retrospective case studies in
which subchondroplasty was performed on patients
between 20-50 years for talar BML. Two of the case

studies (Foran et al.10 and Kohring et al.11) focused
on a healthy population that underwent the procedure
in combination with a Brostrom repair. Another case
study by Hanselman et al.12 focused on patients exhibiting known risk factors of AVN and previous
hospitalization. In all instances, talar AVN was confirmed through MRI and/or CT imaging between 638 months after the initial surgery. Additionally, all
patients underwent physical therapy and pain management following these postoperative findings.
The reported incidence of talar AVN following
subchondroplasty may be attributed to a patient’s
prior risk factors, the amount of calcium phosphate
bone substitute injected and use of a surgical technique that may compromise talar vasculature. Hanselman et al.12 discusses the importance of identifying
and reviewing a patient’s known risk factors for
AVN prior to undergoing subchondroplasty. These
risk factors may include prior trauma, alcoholism and
steroid use. Furthermore, current literature does not
specify a standard volume of calcium phosphate bone
substitute injection for a given BML size or shape.
Excessive amounts may increase pressure within the
affected area and disrupt the talar vasculature.3 Although it is suggested that volumes should not exceed
1.5 cm3, the current subjective approach of injecting
bone substitute until a defect appears to be filled on
MRI increases the risk of complications.9 Lastly,
Foran et al.10 and Hanselman et al.12 detail the “second hit phenomenon” as a contributing factor of talar
AVN. This concept suggests that improper surgical
approaches, including direction of cannula insertion
and pressure exerted by the injection, may disrupt
talar blood supply and cause talar AVN.10,12
Current literature explores the use of subchondroplasty for treatment of talar BML but fails to address many of its late-onset complications including
talar AVN. Given its promising results and potential
when performed at the knee joint, it is worthwhile to
explore both its efficacy and safety in the foot and
ankle. Furthermore, it is equally important for future
studies to define any causal effects of risk factors and
surgical techniques on talar AVN.
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CONCLUSION
Although subchondroplasty offers promising results in the treatment of talar BML, surgeons should
use this approach cautiously as talar AVN may occur,
especially in patients with pre-existing risk factors. In
patients without known risk factors, subchondroplasty may be a viable surgical option for treatment
of talar BML.
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Optimal Pediatric Age for Arthroereisis
for Flat Foot Deformity
Jake Loitz, B.S., Daniel SooHoo, B.S., Maribel Espinoza, B.A., M.S,
Khoa Nguyen, B.S., Denny Chung B.S.
ABSTRACT
Flat foot deformity (FFD) is prevalent in both children
and adults. Subtalar arthroereisis (STA), a surgical
treatment option for pediatric FFD, is a surgery
commonly performed to help correct FFD. Some
consider this minimally invasive surgery to be an
effective, low-risk procedure, while others state that it
may lead to more long-term complications. Our team
carried out a multi-database search to review the STA
literature, specifically searching for studies that
identified an optimal age for the procedure. Our
analysis found that STA is an effective surgical option
for pediatric flatfoot correction when conservative
treatment fails. Pre- and post-operative weightbearing
radiograph analysis is key in determining pre-peak
growth phase. Optimal age range has been determined
to be around 9-11.5 years for females and 9-13.5 years
for males. Spontaneous correction may occur below
this age range, while STA failure following surgery
may occur above this range.
INTRODUCTION
FFD is a prevalent multiplanar deformity in both
children and adults. Pediatric FFD is thought to be a
physiological deformity in newborns relating to the
fat pad and the flexibility of musculoskeletal structures, while adult flatfoot is acquired mainly from
posterior tibial tendon dysfunction (PTTD).¹ FFD is
characterized by medial rotation and plantarflexion of
the talus, eversion of the calcaneus, collapse of the
medial arch, and abduction of the forefoot in the
weight-bearing position.² Diagnosis of pediatric FFD
is made during the clinical examination and is confirmed with radiographic measurements including
Meary’s angle, talonavicular coverage, lateral calcaneocuboid angle, calcaneal inclination angle, talar
declination angle, and Kite’s angle.³
There are both flexible and rigid forms of pediatric FFD. Flexible forms of pediatric FFD are idiopathic and characterized by the ability to restore the

medial arch during the physical exam. Within the literature, there is no gold standard FFD classification
system that is used widely in clinical settings. When
a patient presents to clinic with FFD, the patient is
evaluated clinically first. Weightbearing radiographs
are then used to assess the patient’s severity of FFD
and determine appropriate treatment. Weightbearing
radiographs are also used post-operatively to confirm
bony alignment.
Most FFD cases are asymptomatic and do not require treatment, while others with symptoms may be
resolved with non-surgical intervention.⁴ Examples of
conservative treatment of FFD include stretching, activity modification, rigid supportive footwear, and
over the counter or custom orthotics with medial arch
supports.2, 4 In cases of equinus deformity, Achilles
stretching exercises may also be used. It should be
noted that some studies have shown no difference in
outcomes with conservative measures when compared to no treatment at all. Nonetheless, if conservative treatment fails, a surgical approach may be considered.
Surgical approaches to FFD in children consist
of soft-tissue procedures, bony procedures (arthrodesis), or subtalar arthroereisis. These surgeries
can be performed in isolation or combined, with the
goal being to restore a well-balanced foot.2 Additionally, multiple arthroereisis techniques have been documented, including sinus tarsi implants, calcaneostop, and tarsi canal implants. In addition, there are
two widely used techniques which are based on the
type of fixation screw used: exosinotarsal technique
using a metallic screw, and endosinotarsal technique
using a bioabsorbable expandable screw.2 This review examines the literature to determine an optimal
age for STA in pediatric FFD.
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Table 1. Modified from Mazzotti et al.
Pre-Op Mean (Degrees)
± Standard Deviation

Post-Op Mean (Degrees)
± Standard Deviation

Differences Mean (Degrees)
± Standard Deviation

P Value

MA

13.4 ± 8.1

7.1 ± 7.4

6.2 ± 6.0

< 0.001

LTC

42.5 ± 6.1

42.6 ± 4.9

(-) 0.1 ± 6.2

0.9219

CP

15.0 ± 4.1

16.8 ± 3.9

(-) 1.8 ± 2.4

< 0.05

MCB

138.1 ± 9.7

128.8 ± 7.3

9.3 ± 6.8

< 0.001

KA

26.4 ± 7.5

22.2 ± 7.2

4.2 ± 9.8

< 0.05

TNCA

26.7 ± 14.1

15.2 ± 8.7

11.5 ± 12.9

< 0.001

Table 2. Modified from Mazzotti et al.
Differences between Pre- and Postoperative Angles (Degrees) ± Standard Deviation
Group A
Group B
P Value
MA
7.7 ± 6.3
3.3 ± 3.8
< 0.001
LTC
0.2 ± 6.9
(-) 0.7 ± 4.5
0.9622
CP
(-) 2.3 ± 2.6
(-) 0.9 ± 1.6
< 0.05
MCB
11.0 ± 7.1
5.8 ± 4.6
< 0.001
KA
6.3 ± 9.1
(-) 0.1 ± 10.1
< 0.05
TNCA
14.8 ± 13.2
4.8 ± 9.6
< 0.05
.METHODS
A database search was performed using Pubmed,
CINAHL, Cochrane Library, and Google Scholar.
Keywords including “Arthroereisis”, “STA”, “Arthroereisis AND Pediatric Flatfoot Deformity” were
used. The abstracts and full-text articles of each paper
were reviewed to determine whether the following required criteria were included:
• Arthroereisis as a surgical treatment for pediatric FFD was the focus of the study.
• The age of the patients was noted as a data
point.
• The paper was published in a peer-reviewed
journal.
• The paper was published in the English language.
FFD caused by an injury, diabetes, rheumatoid arthritis, or any other forms of acquired FFD served as exclusion criteria for this paper.
DISCUSSION
Radiological outcomes
In Mazzotti et al., pre-operative weight-bearing
lateral and AP view radiographs were used to assess
the FFD prior to surgery. Post-operative weight-bearing lateral and AP view radiographs were taken to assess the degree of correction that was achieved.5 The
angles used to assess the degree of pediatric flatfoot
on the lateral radiographs included Meary’s angle

(MA), lateral talocalcaneal angle (LTC), calcaneal
pitch angle (CP), and Moreau Costa Bertani angle
(MCB). On the AP view, Kite’s angle (KA) and talonavicular coverage angle (TNCA) were assessed.
Mazzotti et al. considered the following angle measurements as normal: MA -4° to +4°, LTC angle 35°
to 55°, CP angle 18° to 20°, MCB angle 115° to
125°, KA less than 40°, and TNCA less than 7°. (Table 1) On average, Mazzotti et al. noted that arthroereisis of pediatric FFD showed radiographic improvement of MA, CP angle, MCB angle, KA, and
TNCA.5
Mazzotti et al. also compared children in the prepeak growth (Group A) and post-peak growth (Group
B), to confirm if there wereradiographic differences
in the pre-peak growth stage vs the post-peak growth
stage. They determined that peak growth should be
considered for choosing when to perform surgery
(Table 2). 5 The radiographic angles that were used to
measure the deformity pre and post-operatively
showed a significantly larger degree of correction in
Group A than Group B. The only radiographic angle
that was not found to be significantly improved was
the LTC, suggesting that the peak growth period
greatly influences operative results. Of all the measured angles, the LTC angle was the only angle that
did not show statistical significance (P-value =
0.9219). Tanner et al. described that peak growth occurs at 11.5 years in females and 13.5 years in
males.6
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Patient Satisfaction
Patient satisfaction is an important measure in
determining whether a procedure is successful. The
goal is always to treat the patient’s concern, not their
x-rays. Patient satisfaction becomes even more important in the identification of the optimal age to perform AR. Patient satisfaction was evaluated using
AOFAS (American Orthopaedic Foot and Ankle Society) scores, a subjective and objective questionnaire
completed by the patient, the Visual analogue scale
(VAS), a subjective questionnaire measuring acute
and chronic pain, and time to return to activity. Tahririan et al. reported the AOFAS score improved in
STA procedures, increasing by 67.28 ± 6.01 to 86.14
± 7.56 with a p-value of .001, with an increase in
family satisfaction of the procedure compared to
other invasive procedures.4 Li et al. reported similar
scores, with an AOFAS hindfoot score of 66.6 ± 5.8
pre-operatively to 88.6 ± 7.9 postoperatively (P <
0.05). VAS scores also improved in the STA procedures. The VAS scores were 6.6 ± 0.6 pre-operatively
and 1.7 ± 0.3 postoperatively (P < 0.05).3 This
demonstrated a decrease in pain after undergoing
STA by patients with a return to activity in 12
months following the procedure. In Vesico A et al.,
the study compared the different types of arthroereisis implants and postoperative pain, 102 out of 113
patients reported a complete remission of preoperative pain.7
Complications
Complications following STA can be classified
into 4 categories: adaptation/irritation, biomaterial
failure, inappropriate indications, and technical errors.8 Any of these complications result in post-operative pain. Studies show that pain is a common symptom for adults who receive arthroereisis treatment.
Mattesi et al. reported the percentage of adults experiencing postoperative pain to be as high as 11.5% in
cases of isolated arthroereisis and 30.3% with associated arthroereisis.9 Baker et al. also reported that 16
non-absorbable screws had to be removed due to pain
reported by the patient. This accounted for 17%
(16/95 cases) of the patients who participated in this
study. Overall, postoperative pain is seen at a higher
incidence in adult patients following STA.10
Kubo et al. reported that STA is best done for
children around the age of 9-12 years old; however,
this study failed to report the rate of complications
for this age group.11 The best results were found with
no complications in the 14 patients who participated
in a study that used Integra implants along with
Achilles tendon lengthening.12 The average age of
this group was 10.7 years old.

Pavone et al. performed STA in 305 pediatric patients with an average age of 12.5 years old with a
cortical, stainless, and self-tapping screw alone without any associative surgery. The study reported a total of 20 complications in patients: 0.6% (1/167 patients) with screw loosening, 8% (14/175 patients)
with pain, 1.7% (3/176 patients) with incision site infection, and 1.15% (2/174 patients) with peroneal
tendon contracture. Pavone et al. attempted to find a
correlation between the weight of the patient and
complications.13 However, the results were inconclusive. Giannini et al. reported 2/44 patients experienced pain due to bioabsorbable screw breakage. The
age of the patients ranged from 8 to 14 years
old.14 For these two patients, pain was caused by
breakage of the screw heads. Revision surgery was
performed for the removal of the screw heads while
the screw threads were left in place. A slight improvement was still observed in both these cases.
Ruozi et al. received poor results using Poly-LLactide Acid bioabsorbable screws. The study reports
pain in 8/33(25.4%) patients, which was caused by
failure to accept the implant. The average age of
these patients was 11.8 years old.15
Jay et al. combined STA with gastrocnemius recession for 20 patients. Two patients complained of
tarsi pain which was later resolved with conservative
care. Nine patients also complained of pain which
was relieved after the final cast was removed. The
age of patients ranged from 4 to 17 years. Each patient’s AOFAS ankle-hindfoot score was reported,
but no correlation between age and complications
was found.16
Faldini et al. used STA to treat Hallux abducto
valgus. They reported 2/32 patients had postoperative
inflammation due to the procedure. The patients’ age
ranged from 8 to 12 years old. In conclusion, there is
no decisive correlation between complications and
the age of pediatric patients.17
Limitations
There are many limitations of the current research. First, there are a limited number of studies
outlining the efficacy of individual implants. Vesico
et al. showed that different implants had different
success and complication rates. Further studies could
help solidify the evidence behind implants and
streamline success rates. A second limitation is that
different surgical techniques could lead to different
results. There appeared to be no consistent surgical
technique across the literature, which could lead to a
variety of results and complications associated with
individual procedures. Magnetic resonance imaging
studies that follow the long-term course of the implant and sinus tarsi inflammation could be beneficial
in following the long-term results of the STA
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implant. STA is a valid surgical option for pediatric
flatfoot correction and the development of further
studies could strengthen the evidence of STA as an
efficacious minimally invasive surgical procedure.
CONCLUSION
Treatment of pediatric FFD remains debatable.
After conservative measures fail, surgical treatment
may be considered. While STA has been shown to
correct radiologic angles significantly in pre-peak
growth phases, patients who are too old may experience post-operative pain and STA failure from STJ
and tarsal bone physiologic changes.2 Younger pediatric patients may have a spontaneous correction, and
the risk of a cavovarus deformity is higher. 18 Therefore, correctly identifying the correct patient age is
arguably the most important factor in the surgical
planning of STA. The analysis by Mazzotti et al. reveals an approximate age range of 9 to 11.5 years for
females and 9 to 13.5 years for males. While this age
range is considered optimal by Mazzotti and other
authors, further research is needed to confirm the approximate age ranges with the best success for AR in
the correction of pediatric FFD.
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Vancomycin Powder and its Role in
Reducing Surgical Site Infections: A Literature Review
Jason Aguas, D.P.M., Andrew To, D.P.M., M.S.
ABSTRACT
The use of vancomycin powder during spinal surgery has reduced surgical site infections (SSIs). While
vancomycin powder has been effective in spinal surgery its use in lower extremity surgery is less defined.
Open fractures often disrupt bone blood supply, impairing the flow of systemic antibiotics. In addition,
the introduction of ORIF (Open Reduction Internal
Fixation) hardware creates a nidus for bacteria, increasing the potential of post-operative infection. Vancomycin powder is a relatively inexpensive solution to
help prevent these infections. Vancomycin powder is
also lauded as being readily available, user-friendly
and more effective. Compared to an IV route of administration, topical administration of vancomycin
powder delivers a higher concentration of antibiotics
to the area where it is most needed.
This literature review highlights the application
and role of topical vancomycin in lower extremity
fractures and its impact as a viable adjunctive tool to
reduce SSIs. A systematic literature review was performed using the PubMed database. Six articles met
the inclusion and exclusion criteria. The application of
vancomycin powder in these studies showed a reduction of SSIs in patients who suffered traumatic open
fractures. We conclude that the local administration of
vancomycin powder is beneficial to prevent post-traumatic infection of the lower extremity.
INTRODUCTION
Surgical site infections (SSIs) are a prevalent
complication with substantial morbidity and cost. SSIs
are a leading cause of death in the United States and
with an incident rate as high as 67%.1,2 In Addition,
care treatment costs have been quantified to be as high
as $55,000-$270,0003-5.6
A patient with an open fracture is more susceptible to SSIs from the inherent nature of their injury.
Bones stripped of periosteum, for example, have a
compromised blood supply, which impairs the delivery of systemic antibiotics. The devitalized tissue also

presents as a nidus for bacterial colonization and replication.7 In addition, the fractures typically require
hardware fixation, which also provides a bacterial
shelter. Staphylococcus aureus has been identified as
the most frequent cause of post-operative infection and
has been implicated in 56% of surgical site infections
after fracture surgery.8
The proposed mechanism of intrawound vancomycin powder is multifactorial. With a compromised
vascular supply, powder can be delivered locally to the
surgical site and can facilitate higher concentrations to
the area with less toxicity and have a lower chance of
selecting for resistant organisms.9 Organisms that are
found to be resistant may be more sensitive to local
concentrations of antibiotic.10
Intraoperative application of antibiotic powder is
an adjunct to systemic prophylactic antibiotics as a
modality to decrease SSIs.11 Multiple retrospective
spine surgery studies have demonstrated the effectiveness of vancomycin decreasing postoperative infection. A meta-analysis of 5,888 spine patients suggested
vancomycin powder’s ability to guard against infections; showing as high as 25.1% rate of infection without powder to 0% with powder.12 This literature review explores the application of vancomycin powder
in lower extremity fractures and its role in reducing
SSIs.
METHODS
The PubMed database was searched to identify
relevant studies using the keywords “vancomycin
powder,” and “surgical site infection.” The keywords
“spine” and “spinal” were exclusion terms that were
built into our search equation as we only focused on
lower extremity fractures. Papers describing hip procedures were also excluded. Our initial search yielded 54
studies that were published between 1989 and 2021.
Included studies could be retrospective, prospective,
case reports, literature reviews and randomized control
trials; ultimately, six studies were selected.
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DISCUSSION
Vancomycin Reduces the Incidence of Surgical Site Infection
A Randomized Control Trial (RCT) by O’Toole
et al.14 suggested that topical vancomycin powder is
effective in reducing gram-positive infection in patients with tibial plateau and pilon fractures. One thousand and thirty-six patients were randomized into a
treatment group (515 patients) where they received intrawound vancomycin powder or into a control group
(521 patients) without powder placement. The treatment group received 1000 mg of sterile vancomycin
powder in the wound over the implants at the time of
fixation. The endpoint was chosen to be 182 days after
wound closure. 29 participants in the treatment group
developed deep SSIs within 182 days of wound closure, and in 30 patients within 224 days. The control
had infections in 46 and 48 participants respectively.
Relative risk of a deep SSI was reduced by 63% (6.9%
for treatment group vs 10.9% for the control group
risk, P=.04). Examining gram-positive deep SSI only,
there was a 3.7% reduction in absolute risk within 182
days of wound closure (3.6% for treatment group vs
7.3% for the control group, P=.02) and 51% relative
risk reduction. There was no significant reduction in
deep gram-negative SSIs (2.3% for treatment group vs
2.1% for control group). The findings logically corroborate the gram-positive coverage of vancomycin solely
and suggests the protective nature of the powder in
high-risk fractures.
A retrospective analysis by Qadir et al.15 examined patients with tibial plateau, tibial pilon, and calcaneal fracture that were treated with ORIF. Thirty-five
patients received 1000 mg of vancomycin powder intrawound over the fixation at the time of wound closure. The primary control prospective group included
548 fractures that didn’t receive vancomycin powder.
Additionally, there was a secondary control retrospective group previously identified consisting of 235 fractures, which were used in a prior separate study. The
analysis was conducted using matching control cases
with 70 control cases for each control arm, resulting in
a 2:1 ratio of control to treatment. In the vancomycin
cohort, there were no infections and the difference
compared with the control cohort were found to be statistically significant (10.6% in retrospective cohort,
P=.04; 13.2% in prospective cohort, P=.02). The vancomycin cohort had a significantly lower infection
rate. The major limitation of this study is its design.
In another retrospective review conducted by
Singh et al.,7 intrawound application of vancomycin
powder for lower extremity fracture did not reduce the
incidence of post-operative infection. There were a total of 93 patients in which 10 received 1000 mg of
vancomycin powder with the remaining 83 assigned to
the control group. Both deep and superficial infection

rates were found to not be statistically significant between the groups, but the treatment group did demonstrate a lower infection (10% vs 16.8%). Interestingly,
no culture growth was seen at 6 months in the one
deep SSI patient, but the 14 infections in the control
group had grown methicillin-resistant and methicillinsensitive S. aureus and S. epidermidis. The authors
state that the appropriate therapeutic dosage has not
been yet been determined.
Vancomycin Targets Staphylococcus Aureus
Staphylococcus aureus is the most prevalent pathogen in post-operative SSIs. In a retrospective review,
Qadir et al.17 explored whether vancomycin powder
decreased the proportion of S. aureus within an infected surgical wound. The study reviewed133 patients (treatment group) that received 1000 mg of vancomycin powder at the time of wound closure. Ten patients from the treatment group developed deep SSIs
while the control group incurred 175 deep infections.
Only one infection out of the 10 in the treatment group
grew S. aureus. In the control group, 87 out of 175
were S. aureus infections and 40 out of the 87 were
observed to be of the MRSA strain. A significant reduction was observed in the proportion of S. aureus
infections in those who received the powder compared
to the control group. The proportion of MRSA was
also lower, but not significantly (0% vs 23%, P=0.12).
Comparatively this study differs from the previous
studies in its primary outcome, but it does demonstrate
vancomycin powder’s ability to reduce the incidence
of SSIs through targeting the offending organism.
The effectiveness of vancomycin powder against
S. aureus was demonstrated by Caroom et al.,18 who
used rats to observe open fractures contaminated with
S. aureus. Three rat cohorts were created, one had irrigation and debridement (I&D) and two were also supplemented with either polymethyl methacrylate
(PMMA) beads or vancomycin powder. Forty-five rats
were inoculated with bovine collagen that was soaked
in S. aureus, and all had the same defect using a reciprocating saw in the femur midshaft. They fixed a polyoxymethylene plate to the femur to simulate the colonization and biofilm generated on hardware. The rats
were re-anesthetized to undergo their respective treatment. Afterward, the bone and hardware were separately cultured following euthanasia. The bones and
plates that underwent application of bead or powder
demonstrated a significantly lower bacterial load compared to the intervention of I&D alone. Furthermore,
there was no significant difference in quantity when
comparing the bacterial loads between the two interventions. Although rats were used in this study, the results can be extrapolated to humans. Applying vancomycin powder during open fractures reduction and
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hardware placement should significantly reduce bacterial colonization.
Role of Vancomycin Powder in Diabetes Mellitus
Patients with diabetes mellitus have some degree
of immunocompromise, and they should benefit from
the application of vancomycin powder if they require
an incision & drainage procedure, ORIF or perhaps an
elective procedure.
Wukich et al.,19 examined whether application of
intrawound vancomycin powder would affect the incidence of SSIs after foot and ankle surgeries in diabetes
mellitus. The authors created two cohorts of 81 patients with diabetes mellitus: those who received topical vancomycin and those who only received prophylactic antibiotics (not vancomycin). The patients in the
vancomycin group had a significantly higher likelihood of having comorbidities present compared to the
control group such as Type 2 DM, foot ulcers, and
neuropathy; the effect of these comorbidities was not
fully explored in the study. Postoperatively, the vancomycin powder group was significantly less likely to
have a superficial or a deep space infection. These results suggest vancomycin powder should be applied in
lower extremity procedures in an immunocompromised group.
CONCLUSION
The administration of topical vancomycin powder
at the time of wound closure may reduce SSIs, but its
definitive role remains tenuous. The use of topical
vancomycin has not demonstrated any negative effects, so its usage can only positively reduce a patient’s likelihood of developing an infection. This literature review highlights its applicability outside the
context of spinal surgery which has largely been the
focus in the literature. The singular RCT available has
demonstrated favorable outcomes, but more randomized clinical trials should be pursued to establish its
significance. In addition, some limitations from the
studies themselves must be addressed. Although studies have shown that application of vancomycin powder
significantly reduces SSIs over the control arm, sample sizes remain small in these studies. It is also noted
that this technique cannot be studied in isolation because prophylaxis intravenous antibiotics are standard
of care when it comes to open fractures. Future studies with a larger cohort can help address sample size
and provide a means to analyze subgroups such as patients with multiple comorbidities. The expansion of
not only vancomycin powder, but other antibiotics
may be useful for patients who may have developed
antibiotic resistance. Overall, vancomycin powder is a
safe modality can be used with the standard infectious
control protocols to reduce surgical site infection in
lower extremity trauma.
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Compare and Contrast Keller Arthroplasty versus
Arthrodesis for Hallux Rigidus
Alex Dang, B.S., Rahul Natarajan, B.S., Harsh Varshney, B.S
ABSTRACT
Background: As a result of metatarsophalangeal
joint (MTPJ) degenerative arthritis, advanced stage
hallux rigidus limits hallux dorsiflexion. Arthrodesis
fuses the first metatarsophalangeal joint and prevents
joint movement. The Keller arthroplasty involves resection of the base of the first proximal phalanx and
medial eminence of the first metatarsal.
Objective: To compare and contrast pain relief, joint
range of motion (ROM), and complications between
the two joint destructive procedures, Keller arthroplasty and first metatarsophalangeal joint arthrodesis,
for the management of end-stage hallux rigidus.
Methods: A PubMed and a ResearchGate search on
relevant research and studies pertaining to the interventional treatment options: Keller arthroplasty and
arthrodesis of end-stage hallux rigidus were reviewed.
Results: Keller arthroplasty and arthrodesis are both
successful surgical interventions that provide a similar degree of patient satisfaction through self-reporting surveys and the Visual Analogue Scale (VAS)
score. However, arthrodesis provides long term effects of stability due to decreased motion at the first
metatarsophalangeal joint. Keller arthroplasty eliminates the windlass mechanism and completely alters
heel to toe mechanics of the foot, making this procedure most reserved for elderly and minimally ambulatory patients.
Conclusion: Studies indicate that both methods significantly improve pain outcome, however, there are
limitations with both options. It is important to outline the patient’s functional and long-term mobility
goals prior to surgery when considering these surgical treatments. Although clinical outcomes are similar between the methods, other factors such as athleticism, age, patient satisfaction, and physician preference ultimately determine the optimal treatment
method to use.

INTRODUCTION
Foot arthritis most commonly occurs in the first
metatarsophalangeal joint (MTPJ). Advanced stage
hallux rigidus is described as severe MTPJ degenerative arthritis that leads to painful and restricted great
toe dorsiflexion.1 Plantarflexion is limited to a lesser
degree than dorsiflexion.2 Although many predisposing conditions contribute to hallux rigidus, the exact
etiology is unknown; trauma or osteochondritis dissecans have been known to cause destruction to the
MTPJ articular cartilage.3 Additionally, biomechanical and structural factors may contribute to the pathogenesis of hallux rigidus. Hallux rigidus is classified
using the Kellgren and Lawrence classification system, with grades III and IV considered as hallux rigidus. This classification system has a total of 4 classes, with grade III described as arthrosis with possible deformity of the first metatarsal head with
multiple osteophytes formation and the loss of joint
space.4 Grade IV is defined as obliteration of the joint
space within the first metatarsophalangeal joint with
severe osteophytes and sclerosis (Table 1). Due to
the limited motion at the MPJ joint, patients will
compensate through supination of the foot during
midstance. Additionally, the patient will have an
apropulsive gait to avoid further pain during push-off
during the propulsive phase of the gait cycle. The
pressure during gait is transferred to the less MPJs
and can further contribute to lower extremity pathologies.
As hallux rigidus advances, patients often become less symptomatic due to less motion in the first
metatarsophalangeal joint. If conservative treatment,
including stiff-soled shoes and orthotics, fails, then
surgery would be considered, ranging from a cheilectomy to osteotomies and joint arthroplasty. The treating surgeon must consider the progression of the
symptoms and the long-term outcomes of each procedure.
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Table 1. Kellgren and Lawrence Classification for Hallux Rigidus
Grade I
No osteophyte on radiograph
Grade II
Definite osteophyte with minimal joint space narrowing on radiograph
Grade III
Moderate osteophyte with moderate joint space narrowing and sclerosis on radiograph
Grade IV
Large osteophyte with severe joint space narrowing and sclerosis on radiograph
Each procedure involved in the treatment of hallux rigidus has inherent advantages and disadvantages. Thus, there is not one universally accepted
therapy for the treatment of hallux rigidus. It is important to understand the concept of joint destructive
procedures, which pertains to the Keller arthroplasty
and arthrodesis techniques.
The arthrodesis procedure fuses the joint and
prevents ROM of the joint. This procedure provides
effective correction for a wide range of first MPJ pathologies.5 These pathologies result in pain and include but are not limited to osteoarthritis, rheumatoid
arthritis, traumatic injuries, and fractures.6 Arthrodesis can be thought of as a salvage procedure for
severe stages of hallux rigidus. The procedure involves a standard dorsomedial incision and a linear
capsulotomy. Following this, exostoses are removed,
and the opposing joint surfaces are resected by abrasion of the cartilage. The hallux is repositioned and
fixated using screws and plates or K-wires to secure
the first MPJ. Regarding postoperative recovery, patients are in a short leg cast for 3 weeks, followed by
limited weight-bearing for an additional 3 weeks.7
The Keller arthroplasty for treatment of hallux
rigidus involves the resection of the base of the first
proximal phalanx and medial eminence of the first
metatarsal, along with implantation of soft tissue to
essentially create a false joint. This procedure is performed in conjunction with a local anesthetic ankle
block.8 Following the incision over the first metatarsal shaft and head of the proximal phalanx, the adductor hallucis, abductor hallucis, flexor hallucis
brevis, and extensor hallucis brevis tendons are released from the proximal phalanx. The proximal third
of the proximal phalanx is removed, and the capsule
is closed using subcuticular sutures. In a postoperative setting, patients wear rigid post-op shoes for 2
weeks, followed by a closed-in lace-up shoe to reduce swelling.8
Both the Keller arthroplasty and first metatarsophalangeal joint arthrodesis are considered destructive procedures and carry similar risk factors. However, the arthrodesis has added risks of nonunion, fixation irritation, and the development of hallux IPJ
arthrosis.8 On the other hand, transfer metatarsalgia
was a common risk associated with the Keller arthroplasty due to shortening the hallux post-operatively.
This could be avoided by having the procedure done
in conjunction with a Weil osteotomy that would

correct metatarsalgia of the now elongated lesser
digit(s).9,10
When selecting a treatment, the level of physical
activity that the patient engages in daily must be a
primary consideration. This is due to the risk of joint
instability that the Keller arthroplasty creates from
essentially shortening bone. This literature review focuses on comparing and contrasting the Keller arthroplasty and first metatarsophalangeal joint arthrodesis
procedure in managing the pain and functionality associated with advanced stage hallux rigidus.
Methods
Relevant articles were found through PubMed
and ResearchGate. Inclusion criteria include patients
who were 18 years or older and patients with hallux
rigidus. Exclusions in the study include patients who
were younger than 18, patients with hallux limitus,
blogs, opinions, or commentary. Search terms included “Keller arthroplasty vs. arthrodesis” and
“treatment for end-stage hallux rigidus.”
Data Analysis
Santos-Silva et al. (2020) retrospectively studied
36 patients with hallux rigidus consisting of 12 patients who underwent arthrodesis while 26 underwent
arthroplasty that had a two-year follow-up on average.11 The American Orthopedic Foot and Ankle Society Hallux Metatarsophalangeal-Interphalangeal
(AOFAS-HMI) scale was used to evaluate the functional status postoperatively and showed that the arthroplasty group had a score of 89.7 versus a score of
65.7 for the arthrodesis group. Additionally, the VAS
was 1.6 for patients who underwent arthroplasty and
3.9 for arthrodesis (Table 2). Additionally, patients
with arthroplasty had one case of post-op infection
and two incidences of pseudarthrosis in the arthrodesis population.11
In a comparative study by Stevens et al. (2020)
63 toes on 57 patients were observed. Some patients
had unilateral hallux rigidus, while others had it bilaterally.12 The study consists of 33 toes that underwent
first metatarsophalangeal joint (MTPJ) arthrodesis,
and 28 toes underwent arthroplasty. Similar to the
previous study by Santos-Silva, the AOFAS-HMI
was used for functional status, and a VAS score was
used for pain. Additionally, the Manchester-Oxford
Foot Questionnaire (MOXFQ) was used to evaluate
the outcome of foot and ankle surgeries, and the Forgotten Joint Score (FJS-12) for assessing joint-
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specific patient-reported outcomes. The AOFASHMI score for the arthroplasty group went down between follow-ups, from 86.1 to 83.9. However, the
arthrodesis group went up from 82.2 to 91.0.
On the other hand, patients with arthroplasty had a
VAS score of 0.72, while patients with arthrodesis
had 0.66. The FJS-12 for the arthroplasty population
was 82.6% and 83.1% for arthrodesis. The MOXFQ
index score for the arthroplasty group was 27.9 and
19.6 for the arthrodesis group (Table 2).12
In a double cohort study by Elsayed, he performed surgery on 40 patients, 20 with arthrodesis
and 20 with arthroplasty.13 All patients were followed
for an average of 22.16 months (range 12 to 36
month). The study found that the AOFAS-HMI score
was 42 for patients with arthrodesis, while the score
for arthroplasty was 44. A modified AOFAS score or
American College of Foot and Ankle Surgeon
(ACFAS) score was used and found the arthrodesis
group with a score of 90 while the arthroplasty with a
score of 92 (Table 2). However, the arthrodesis
group reported a 15% incidence of metatarsalgia,
10% nonunion, 10% malalignment, 5% interphalangeal joint pain, and 5% nonunion, 10% malalignment, 5% interphalangeal joint pain, and 5% delayed
union. The arthroplasty reported 30% of floating

hallux, 20% of metatarsalgia, 10% of sesamoiditis,
and 5% of regrowth and remodeling.13
O’Doherty et al. (1990) conducted a trial on 81
patients of ages 45 or older with symptomatic hallux
rigidus. These patients received surgical intervention
with a minimum of two years follow-up.14 Of the 81
patients, 37 received an arthrodesis while 44 received
an arthroplasty. The results showed that patients were
very satisfied with either procedure, with complete
satisfaction in 2/3 of the surveyed population and
98% showed improvements. However, nonunion occurred in 44% of patients in the arthrodesis group, requiring certain patients to undergo revision surgery
for repeated arthrodesis to achieve solid union and
complete relief of pain. It was also noted that metatarsalgia occurred at similar rates in either group.14
To further compare the two techniques,
Beertema et al. (2006) assessed functional outcomes
and patient satisfaction by analyzing patients who
had received surgery for symptomatic hallux rigidus.15 Between 1990 and 2000, 77 patients received
Keller arthroplasty or arthrodesis. For grade III, the
Keller arthroplasty group had an average VAS of 2.3
and AOFAS score of 87, while the arthrodesis group
had an average VAS score of 2.0 and AOFAS score
of 73 (Table 2). In patients with arthrodesis, four required surgical revisions.15

Table 2. Measurement scores describing outcome level and patient satisfaction following arthroplasty or arthrodesis.
Study
Measurements
Pre-op
Post-op
Pre-op
Post-op ArArthroplasty
Arthroplasty
Arthrodesis
throdesis
Silva9
AOFAS-HMI
89.7
65.7
VAS
1.6
3.9
Stevens10
AOFAS-HMI
86.1
83.9
82.2
91.0
VAS
0.72
0.66
FJS-12
82.6%
83.1%
MOXFQ
27.9
19.6
Elsayed11
AOFAS-HMI
44
42
ACFAS
92
90
Beertema13
Average VAS
2.3
2.0
AOFAS
87
73
DISCUSSION
First MTPJ arthrodesis is a common procedure
for patients with end-stage hallux rigidus. The procedure reduces pain and increases medial foot column
stability. However, its complications include nonunion, foot immobility, and altered gait. On the other
hand, the Keller arthroplasty procedure has a shorter
postoperative recovery time. The results from the
above studies support the use of either procedure, but
upon closer examination of the AOFAS score and
VAS there are clear distinctions present.

Functional Outcomes and Pain Relief
When comparing the two procedures, both show
significant improvement in pain and functional status.
However, the arthroplasty group has a more drastic
change in comparison to the arthrodesis group. The
AOFAS-HMI score for the arthroplasty group indicates that it has a better functional outcome compared
to the arthrodesis group. Additionally, the lower VAS
score from the arthroplasty group indicates a better
pain alleviation than the arthrodesis group. The Keller also has fewer post-operative infections and a
lower revision rate.11
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In contrast, the Steven et al. comparative study
supports arthrodesis over arthroplasty as the procedure of choice for long term functional outcomes and
pain alleviation.12 The MOXFQ and FJS-12 scores
were statistically insignificant and therefore inconclusive. However, both the AOFAS-HMI and the VAS
scores leaned toward arthrodesis as the better of the
two procedures after a period of 22 years. When
compared to the study by Silva et al.,11 it appears that
arthroplasty provides short-term relief and improved
functional outcomes. However, Steven el al. data
supports that arthrodesis might be a better option of
the two in the long run.12
Additionally, the study by Elsayed was inconclusive as to which method is the more efficacious. His
data showed no statistical difference in the AOFASHMI score and First Ray Scoring scale and concluded that either option is viable.13 Comparing the
data from this study to the previous two by Silva et
al. and Steven et al. conclude that differences in improvement of functional outcomes and pain relief between the two procedures might not begin until after
the 36-month follow-up appointment.11,12,13
Complications
O’Doherty et al. (1990) found that both procedures had no statistical differences in patient satisfaction, pain improvement, walking distance, and footwear complaints.14 However, the two procedures can
be differentiated by the 44% incidence of postoperative nonunion in the arthrodesis group. The study
concluded that Keller arthroplasty is more suitable
for older patients due to lower complication and revision rates. However, there were no statistical differences also in terms of postoperative incidence of metatarsalgia.14
The retrospective study conducted by Beertema
et al. concluded that the Keller arthroplasty was favored over arthrodesis of the 1st MTPJ in patients
without preexistent metatarsalgia.15 This can be seen
from the differences in average VAS and AOFAS
scores in patients with grade III. The difference of 0.3
in average VAS between Keller arthroplasty and arthrodesis shows that there is more postoperative pain
subjectively in patients who receive the arthroplasty.
However, the AOFAS scores themselves, 87 and 73
for Keller arthroplasty and arthrodesis respectively,
show that the procedures are ranked in different categories. A score of 87 ranks as “good” while 73 ranks
as “fair” in terms of categories assessing pain, function, and alignment.16,17 Thus, the Keller arthroplasty
may have increased short-term postoperative pain but
will have a long-term increase in function and alignment more so with reduced pain when compared to
arthrodesis.

CONCLUSION
The study compares and contrasts the arthrodesis
and Keller arthroplasty procedures for the management of advanced-stage hallux rigidus. Both procedures are successful operative interventions.
Overall, many of the previously mentioned studies concluded no statistically significant differences
between the two procedures in terms of patient satisfaction and function. However, there are differences
in the procedures in terms of long-term outcomes.
Even though the Keller arthroplasty has a shorter
postoperative recovery time, it is reserved for older
and less mobile patients where the added risk of joint
instability is not a concern. On the other hand, arthrodesis has a longer postoperative recovery time
with the risk of nonunion, but provides medial column stability and long-term relief if done correctly.
Thus, the arthrodesis procedure is preferred in
younger and active patients to provide long-term stability over first MTPJ motion. Keller arthroplasty
would be preferred in older and sedentary patients
due to its technical simplicity and lower rates of complications and revisions without the need to be concerned over joint instability.
When applying these procedures in a practical
setting, it is important for the physician to consider
the patient’s goals from the procedure and the severity of the hallux rigidus. Despite studies suggesting
which technique is preferred of the two, some limitations such as small sample size and short-term follow-up ultimately threaten the data validity and the
conclusion as to whether one technique is truly superior over the other. Further studies with larger sample
sizes and longitudinal follow-ups will provide insight
into the long-term outcomes of each procedure. Furthermore, the long-term outcomes, advantages, and
disadvantages of each procedure determines the procedure of choice in a specific case. Thus, it is based
on surgical preference and patient demographics for
which technique to use for long-term management of
end-stage hallux rigidus.
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Conservative versus Surgical 1st-line Treatment
of Navicular Stress Fractures in the Athlete
Population: A Systematic Review with Meta-Analysis
Desiree Major, B.S., Whitney Branham, B.S.
ABSTRACT
Navicular stress fractures (NSF) are more likely to be
found in competitive athletes than in the general population. This review examines the differences between
conservative and surgical care of NSF in athlete population. Factors reviewed include duration of time before a return to activity (RTA), complications in healing such as non-unions, delayed unions, recurrent fracture, and decreased desired activity (DDA). A search
of articles in the Midwestern University Library Database was completed, which revealed data from 13 papers encompassing 262 cases on athlete NSF. This review discovered that 67.57% of patients recovered
through conservative modalities without complications
or DDA, whereas 92.98% of athletes who received
surgical treatment returned to activity (RTA) without
DDA. Further, for those athletes who returned to full
activity, surgical treatment offered a shorter recovery
of 4.67 months instead of 5.00 months for athletes
treated conservatively. Moreover, the meta-analysis of
proportion utilizing MedCalc Software found a
92.200% (95% CI of 86.877-96.231) efficacy of surgical treatment compared to 76.126% (95% CI of
58.908-89.795) for conservative treatment.These results indicate that surgical treatment is more favorable
than conservative treatment for NSF in the athlete
population. Further research is needed on NSFs in the
athlete population using Saxena’s classification system
and RTA time as these factors may impact results.
INTRODUCTION
Navicular stress fractures (NSF), for unknown
reasons, are now more frequent, especially in the athlete population. This injury is typically secondary to
repetitive, dynamic movements. NSF can be difficult
to diagnose, resulting in delayed treatment and complications. Mann notes that a symptom of a NSF is

pain experienced at the dorsal aspect of the foot, described as cramping or soreness, which tends to be exaggerated by sprinting and other explosive movements.1 Clinical suspicion of a NSF should also be
prompted by pain in the dorsal talonavicular articulation (also known as the “N spot”), and a positive single-leg hop test .2
Computed tomography (CT) scans and MRI can
be helpful diagnostic tools.3 CT scan findings can be
categorized by severity and location of the fracture
and this staging helps guide treatment decisions. A CT
classification system can “serve as an important role in
provider communication, selection of treatment, and
prognosis.”5 Saxena and colleagues outline the following classification system in staging navicular stress
fractures.4
• Type I: dorsal cortical fractures
• Type II: dorsal fractures extending into the
navicular body
• Type III: fractures that extend into another
cortex plantarly, medially, or laterally
• Modifiers include
o A: fractures containing avascular necrosis
o C: cystic degeneration
o S: sclerosis of fracture line𝑠 4
A timely RTA, without a loss of function, is the
goal in the treatment decision-making process. Athletes must also consider the long-term benefits and
disadvantages on both individual performance/abilities
and the longevity of their career when selecting a
treatment modality. Professional athletes who undergo
surgical fixation for a NSF have better outcomes with
a RTA of 98.7% with minimal postoperative performance changes.6 This review compares conservative
and surgical approaches to the treatment of NSF.

Volume 24, Page 73

Comparative Reviews
Table 1: Study Outcomes of Conservative and Surgical 1st-line treatment for Navicular Stress Fractures in the Athlete Population (n=262)
Reference

Conservative
treatment
successful
outcomes

Average RTA for
conservative
treatment

Bojanic et al.

15/18

24 weeks (range
17-32 weeks)

Burne et al.

6/11

Surgical
treatment
successful
outcomes

Average RTA for
surgical treatment

NHLBI Quality Assessment Tool
(Good, Fair,
Poor)
Good

Fair

Constantinou et
al.

2/2

12 weeks until training, competing at 6
months

Fair

Jacob et al.

8/10

21 weeks (range: 936wks)

Good

5/6

3.8 months

Good

Khan et al.

19/22 NWB
9/34 WB

5.6 months

Malliaropoulos et
al.

10/10

16 weeks

McCormick et al.

Good

7/7

Fair

Saxena et al. 2000

8/13

4.3 +/- 2.8
months

9/9

3.1 +/- 1.2 months

Good

Saxena et al. 2006

5/6

Type 1:3.8 months

Type 2: 6/6
Type 3: 7/7

Type 2: 3.7 months
Type 3: 4.2 months

Good

Saxena et al. 2017

15/15

3.97 +/- 1.9
months

42/47

4.56 +/- 1.5 months

Good

13/13

195 days (range 14462)

Good

2/2

5-7 months

Good

6/6

17.8 weeks (range 832 weeks)

Good

Singh et al.

Torg et al.

13/19

4.5 months

Porter et al.

Factors reviewed in this review include duration of
time before RTA as well as complications in healing
such as non-unions, delayed unions, recurrent fracture,
and decreased desired activity (DDA).

METHODS
We conducted a systematic review using the Midwestern University Library Database using PRIMSA
guidelines. This database encompassed 123 search engines which identified 1210 relevant studies. The following search terms were entered into the database:
“navicular stress fractures,” “treatment outcomes,” “return to play athletes,” “conservative treatment,” “surgical treatment,” “management.” After
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excluding duplicates and limiting our search to our inclusion criteria, the search produced 13 articles. The
percentage of successful outcomes, return to activity
time (RTA) and complications were reported. To identify possible bias in our review, the NHLBI Quality
Assessment Tool for Case Study Series was utilized
(Table 1). MedCalc Software was then used to complete a meta-analysis with two forest plots of proportion for conservative treatment successes and surgical
treatment successes.

The inclusion criteria were as follows:
• Publication in a peer-reviewed journal
• Prospective studies, retrospective studies,
case studies
• Participants included those who have participated in a sport and were at a minimum of 14
years old
• Articles referred to treatment strategies of navicular stress fractures
• Systematic reviews were excluded due to repetitive data
• N≥ 2

Table 2: Study Outcomes and Complications for Navicular Stress fractures in the Athlete Population
Comparison Parameter

Conservative Treatment

Surgical Treatment

Percentage of Successful
Outcomes in treatment

67.57% (100/148)

92.98% (106/114)

Average RTA time

5.00 months

4.67 months

Patients with DDA

WB: 25
NWB: 12

2

Refractures

5

2

Delayed unions

2

0

Nonunion

2

1

Other complications

13
(4 never fully recovered w/ pain, 3
failed to RTA w/in one year, 5 became symptomatic again, 1 failed to
return to sport)

3
(1 long recovery associated
with a tibia fx, 1 Regional Pain
Syndrome that recovered with
screw removal , 1 unknown)

Total Complication Rate

WB: 25/34= 73.5%
NWB: 34/ 114=29.82%
Combined: 59/148=39.86%

8/114= 7.02%

Literature on conservative treatment
Several conservative treatment protocols are recognized. One protocol, developed by Torg et al.,
states that a conservative approach using non-weight
bearing (NWB) treatment for 6 weeks followed by
gradual WB for 2-6 weeks can provide desirable patient outcomes despite the severity of the fracture.8 Torg et al., however, found no significant difference (p=0.6441) between surgical and non-surgical
treatment outcomes in terms of RTA or recovery.8,9 While current guidelines include weight

bearing, many authors have reported that WB treatment is used at alarming rates.10,11 Weight bearing
has a higher incidence of complications as only 47%
of patients treated with WB experience a successful
outcome.8 Torg et al. also analyzed 21 stress fractures
in 1982. Initially, only two fractures were treated surgically, both of which went on to complete healing at
6 and 7 months. In contrast, the 19 fractures that underwent conservative therapy had many complications
including: two delayed unions, two non-unions and
two refractures. In addition to these complications,
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four patients never achieved complete pain relief. In
this study, Torg et al. concluded that uncomplicated
partial stress fractures and non-displaced, complete
stress fractures of the tarsal navicular should be treated
using the NWB approach for 6-8 weeks”9
In a study by Khan et al., 22 patients were initially
treated with ≥ 6 weeks of NWB by cast immobilization, 34 patients were treated with ≥ 6 weeks of WB,
and 6 patients underwent surgery.10 For those who
were treated with weight bearing, only 9 of 34 patients
returned to sports. Furthermore, 19 of 22 patients returned to athletics after NWB immobilization, and 5 of
6 of the patients who underwent surgery had successful outcomes. Khan concluded that NWB immobilization is the treatment of choice for NSF.10
Malliaropoulos et al. examined 10 elite track athletes who received conservative care. This study allowed patients to RTA after a painless therapeutic ultrasound (TUS) evaluation as well as a negative hop
test.13 At 16 weeks (4 months), all 10 patients returned
to their previous competition level and no recurrences
were recorded within the follow-up period of 58.2 +/21.7 months.13
Bojanic and Pecina examined 18 partial NSF
treated with a NWB leg cast for 6-8 weeks, followed
by rehabilitation. Out of the 17 athletes, one stress
fracture recurred.14 Additionally, in a study of 11 navicular stress fractures, Burne e al. reported on the
long-term outcomes of tarsal navicular stress injury
whereby it was documented that only six of11 patients returned to sports at their previous level.11
Burne et al. concluded that most patients do not receive standard of care, so the outcome for participants
in our study was inferior to Torg’s protocol.9,11
Literature on surgical treatment
Patients with navicular stress fractures can be
treated surgically with open reduction and internal fixation (ORIF). The procedure begins with inflating a
tourniquet either at the thigh or calf and then making
an incision made dorsally and extended laterally to
avoid the neurovascular bundle near the navicular. The
overlying tissue is dissected back until the talonavicular joint is exposed. The fracture site is viewed under
fluoroscopy or portable x-ray before a 0.45-in K-wire
is drilled into the site. In most cases a 4.0mm partially
threaded solid cancellous screw is then placed at an
oblique angle oriented from dorsal-lateral to plantarmedial aiming towards the navicular tuberosity. Placement of an autogenous bone graft harvested from the
patient’s ipsilateral calcaneus is placed at the fracture
site before the final screw adjustments and tightening.4,15 Patients are followed post-operatively in a
NWB cast for 6 weeks and then moved to WB in a
boot for about 2-6 weeks until healing is confirmed xray images. Physical therapy and rehabilitation are

supplemented after radiographs are negative for any
postoperative complications.4,15
Minimally invasive surgeries (MIS) may also be
of interest in the treatment of NSF. Jacob and Patterson suggest a MIS using percutaneous screw fixation
with a single AO screw placed under fluoroscopy or
portable x-ray.16 It was found that athletes with isolated fractures returned to activity after an average of
21 weeks (range of 9-36 weeks) in a sample size of 10
athletes. Two patients developed complications, one
had an associated tibial fracture, and another presented
with bilateral fractures that had non-union.17 These
findings suggest that treatment with MIS and an earlier onset of mobilization may result in decreased postoperative complications.16
In a study of 22 NSFs, Saxena et al., concluded
that ORIF can be considered a first-line treatment for
Type II and III fractures due to earlier RTA and NWB
treatment for Type I fractures.4 Patients who underwent ORIF had an RTA of 3.1 +/- 1.2 months, compared to conservative treatment with a RTA of 4.3 +/2.8 months, and the difference between the two
groups’ RTA was significant (p =.02).4 Saxena et al.
also performed a prospective study that concluded
ORIF had a shortened RTA for type II and III fractures, and thus surgery is a worthwhile consideration. 17
Complications arose in two patients who tried conservative modalities, with six months to RTA, and one
patient was unable to compete in his sport. The results
of the study did not show a statistically significant difference in RTA between ORIF and conservative modalities (p = 0.33),17 although the higher complication
rate in conservative therapy is of interest. In a later
study, Saxena et al. had patients who underwent ORIF
with an average RTA of 4.56 +/- 1.5 months compared
to 3.97 +/- 1.9 months for conservative management
(p =.28). Overall, 91.9% of patients were able to RTA
at pre-injury level, and seven athletes had refractures
with conservative treatment.15
In a study on seven athletes who underwent surgery, all fractures progressed to union without complications.18 While data did not show that surgery allowed an earlier RTA, they “believed that aggressive
treatment presents at least the prospect of earlier return
to play while hopefully preventing patients with nondisplaced fractures from developing displacement.” 18
Porter’s study on surgical techniques for NSF in athletes followed six athletes who all had successful outcomes of RTA. Porter did not state if any postoperative complications occurred but found that all patients
RTA with an average of 17.8 weeks (4.1
months),19 which is a faster RTA than conservative
treatment modalities found by Bojanic, Khan and
Torg. Moreover, Singh reported on 13 fractures in
professional athletes and found that NSF required a
median of 195 days (6.4 months) TTR from surgery
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(range, 14-462 days).” 6 With this analysis, Singh concluded that athletes with navicular fractures had no
DDA between pre & post-operative performance and
participation up to 3 seasons after the injury.6
Constantinou et al. described a case of bilateral
NSF who had bilateral ORIF with bone grafting,20 followed by NWB for weeks before returning to WB and
PT. She returned to training within 12 weeks and competing within six months. This case report conveyed
that bilateral NSF should be treated surgically as “it
offers a slightly shorter recovery time and a more predictable result.”20
Systematic review results
Combining the analyzed data which included 262
navicular stress fractures, this review discovered that
only 67.57% of patients recovered through conservative modalities without complications compared to
92.98% of athletes who received surgical treatment.
Further, the analysis of weighted average of RTA time
shows that surgery may offer a slightly faster recovery
(4.67 months) than conservative treatment (5.00
months).
In addition, this review also found that the complication rate was substantially higher in patients who

DISCUSSION
While most studies did not demonstrate a statistically significant difference between conservative and
surgical treatment in terms of RTA, when considering
the high complication rates with conservative treatment, it may be advantageous to consider surgery. As
stated by Fitch et al., “the uncertainty of conservative
management and the length of time before healing can
be anticipated and are often unacceptable to an athlete
whose sporting career is in jeopardy,”21 and thus athletes should have the option of undergoing surgery.
A study on stress fractures among athletes suggested that the navicular fractures were listed as high-

underwent conservative treatment for their NSF.
Weight bearing methods had a 73.5% incidence of
complications and non-weight bearing methods had a
29.82% incidence of complications. This in contrast to
surgical treatment which had a complication rate of
7.02%.
Meta-Analysis Results
The Meta-analysis of Proportion found a 92.200%
(95% CI of 86.877-96.231) efficacy of surgical treatment compared to 76.126% (95% CI of 58.90889.795) for conservative treatment. These results are
very similar to the systematic review totals of successful outcomes that uses just the raw data. Furthermore,
the results for surgical treatment suggest that heterogeneity is insignificant with 𝐼 2 = 0.00, P=0.5998 (Forest Plot 2). In contrast, the meta-analysis of proportion
for conservative treatment found a significant level of
heterogeneity of 𝐼 2 = 79.66%, P < 0.0001 (Forest
Plot 1). Thus, there seems to be a high clinical inconsistency in the research articles performed using conservative modalities.

risk for complications, therefore “treatment of these
higher-risk stress fractures mandates immediate diagnosis, aggressive treatment, and occasional internal
fixation.”22 Complications are also seen at a higher
rate in those who undergo conservative therapy rather
than surgical intervention. Evidence of refractures is
seen in several studies dedicated to advocating for the
use of conservative modalities,11,16 meanwhile there
were only two cases of refracture in patients who underwent surgery.6 The most complications were seen
in patients who received WB treatment.8−10 Due to the
high rate of complications with WB, we suggest that
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weight-bearing treatment should never be seen as a
treatment option for navicular stress fractures.
7.
Future Implications
In 2015, it was stated that “surgical treatment results in an earlier return to sport with 16.4 vs 21.7
weeks (3.8 months vs 5.0 months).”12 With contemporary data contradicting previous work, lack of randomized controlled trials, a relatively small data pool, and
a poor level of evidence, more investigation on this
topic is suggested. It would also be practical for
Saxena’s classification system to be used in future
studies, allowing for research on the comparison of
different types of fractures in terms of RTA time and
complication rates.

8.

9.

CONCLUSION
The literature on NSF is limited, and thus recommendations on treatment strategies specifically for athletes are indeterminate. Currently, the standard of care
for the initial treatment of navicular stress fractures
was set by Torg et al, where NWB management is recommended.8,9 Though this review focused specifically on athletes, we do not support the guidelines that
Torg et al. established for the athlete population.
While there are similar RTA times between conservative and surgical treatments, we conclude that due to
the high complication rates in conservative therapy,
surgical treatment should be recommended as the
standard of care for competitive athletes with navicular stress fractures.

10.

REFERENCE
1. Mann JA, Pedowitz DI. Evaluation and Treatment of Navicular Stress Fractures, Including
Nonunions, Revision Surgery, and Persistent
Pain After Treatment. Foot Ankle Clin
2009;14:187-204.
2. Gross CE, Nunley JA. Navicular Stress Fractures. Foot Ankle Int 2015;36:1117-22.
3. Fowler JR, Gaughan JP, Boden BP, Pavlov H,
Torg JS. The Non-Surgical and Surgical Treatment of Tarsal Navicular Stress Fractures.
Sports Med 2011;41:613-9.
4. Saxena A, Fullem B, Hannaford D. Results of
treatment of 22 navicular stress fractures and a
new proposed radiographic classification system. J Foot Ankle Surg 2000;39:96-103.
5. Anderson RB. Commentary on Navicular
Stress Fracture Outcomes in Athletes: Analysis
of 62 Injuries. J Foot Ankle Surg 2017;56:9438.
6. Singh SK, Larkin KE, Kadakia AR, Hsu WK.
Risk Factors for Reoperation and PerformanceBased Outcomes After Operative Fixation of
Foot Fractures in the Professional Athlete: A

13.

11.

12.

14.

15.

16.

17.

18.

Cross-Sport Analysis. Sports Health
2018;10:70-4.
Putukian M. The psychological response to injury in student athletes: a narrative review with
a focus on mental health. Br J Sports Med
2016;50:145-8.
Torg JS, Moyer J, Gaughan JP, Boden BP.
Management of Tarsal Navicular Stress Fractures: Conservative Versus Surgical Treatment:
A Meta-Analysis. Am J Sports Med
2010;38:1048-53.
Torg JS, Pavlov H, Cooley LH, Bryant MH,
Arnoczky, Bergfeld J, Hunter LY. Stress fractures of the tarsal navicular. A retrospective review of twenty-one cases. J Bone Joint Surg
Am 1982;64:700-12.
Khan KM, Fuller PJ, Brukner PD, Kearney C,
Burry HC. Outcome of conservative and surgical management of navicular stress fracture in
athletes: Eighty-six cases proven with computerized tomography. Am J Sports Med
1992;20:657-66.
Burne SG, Mahoney CM, Forster BB, Koehle
MS, Taunton JE, Khan KM. Tarsal Navicular
Stress Injury. Am J Sports Med 2005;33:187581.
Mallee WH, Weel H, van Dijk CN, van Tulder
MW, Kerkhoffs GM, Lin CWC. Surgical versus conservative treatment for high-risk stress
fractures of the lower leg (anterior tibial cortex,
navicular and fifth metatarsal base): a systematic review. Br J Sports Med 2015;49:370-6.
Malliaropoulos N, Alaseirlis D, Konstantinidis
G, Papalada A, Tsifountoudis I, Petras K, Maffulli N. Therapeutic Ultrasound in Navicular
Stress Injuries in Elite Track and Field Athletes. Clin J Sport Med 2017;27:278-82.
Bojanic I, Pecina MM. Traitement conservateur
des fractures de contrainte du scaphoïde tarsien
chez le sportif [Conservative treatment of stress
fractures of the tarsal navicular in athletes].
Rev Chir Orthop Reparatrice Appar Mot
1997;83:133-8.
Saxena A, Behan SA, Valerio DL, Frosch DL.
Navicular Stress Fracture Outcomes in Athletes: Analysis of 62 Injuries. J Foot Ankle
Surg 2017;56:943-8.
Jacob K, Paterson R. Navicular stress fractures
treated with minimally invasive fixation. Indian
J Orthop 2013;47:598-601.
Saxena A, Fullem B. Navicular Stress Fractures: A Prospective Study on Athletes. Foot
Ankle Int 2006;27:917-21.
Mccormick JJ, Bray CC, Davis WH, Cohen
BE, Jones CP, Anderson RB. Clinical and
Computed Tomography Evaluation of Surgical

Volume 24, Page 78

Comparative Reviews
Outcomes in Tarsal Navicular Stress Fractures.
Am J Sports Med 2011;39:1741-9.
19. Porter DA, Torma JK. Surgical Technique for
Navicular Stress Fractures in Athletes. Tech
Foot Ankle Surg 2008;7:64-70.
20. Constantinou D, Saragas NP, Ferrao PN. Bilateral Navicular Stress Fractures with Nonunion
in an Adolescent Middle-Distance Athlete: A
Case Report. Curr Sports Med Rep
2021;20:236-41
21. Fitch KD, Blackwell JB, Gilmour WN. Operation for non-union of stress fracture of the

tarsal navicular. J Bone Joint Surg Br
1989;71:105-10.
22. Fredericson M, Jennings F, Beaulieu C, Matheson GO. Stress fractures in athletes. Top Magn
Reson Imaging 2006;17:309-25.

Volume 24, Page 79

Comparative Reviews

National Foot & Ankle Review

Metallic vs. Bioabsorbable Fixation in Arthroereisis
Denny Chung B.S., Khoa Nguyen, B.S., Maribel Espinoza, B.A., M.S,
Daniel SooHoo, B.S., Jake Loitz, B.S.
ABSTRACT
Flexible flatfoot deformity (FFD) is a common
disorder found in adult and pediatric populations. FFD
can be defined as a medial arch collapse and hindfoot
valgus. Today, there are several procedures that can be
performed to correct FFD, one of which is arthroereisis (AR). Arthroereisis is a procedure where a screw
or implant is placed within the subtalar joint (STJ) to
control overprontation of the STJ. More specifically,
implant fixation used in AR treatment can be placed
into two categories: bioabsorbable and metallic. This
paper further explores the differences, advantages, and
disadvantages between bioabsorbable and metallic implants. Our team carried out a multi-database search
using Pubmed, CINAHL, Cochrane Library, and
Google Scholar to identify AR surgery literature. We
then analyzed the AR literature that compared bioabsorbable and metallic fixation. While metallic fixation
is traditionally used, bioabsorbable fixation has become increasingly popular as it does not require two
AP surgeries: one to put the fixation in, and one to
take the fixation out. The purpose of this review is to
investigate the efficacy of both bioabsorbable and metallic implants and to observe if one implant has an inherent advantage over its counterpart.
INTRODUCTION
FFD is a common disorder in children and adults.
FFD is characterized by medial rotation and plantar
flexion of the talus, eversion of the calcaneus, a collapsed medial longitudinal arch, and abduction of the
forefoot.1 Radiographic diagnosis of a pediatric FFD is
confirmed with measurements including an increased
Meary’s angle, increased talonavicular coverage, increased lateral calcaneal angle and increased Kite’s
angle.2 In most cases, patients with an FFD are
asymptomatic and do not need treatment. However,
for a patient with a symptomatic FFD, first-line treatments are conservative and include activity modification, over the counter or custom orthotics, physical
therapy, and supportive shoes.1,3 If conservative
measures fail, a surgical approach may be considered.

A common surgical technique is subtalar arthroereisis (STA). The goal of STA is to restrict excessive
subtalar joint (STJ) pronation in patients with FFD.
The STA implant is placed in either the sinus tarsi or
tarsal canal 5 There are two widely used STA techniques: an exosinotarsal technique using a metallic
screw, and an endosinotarsal technique using a bioabsorbable expandable screw.1 The literature is unclear
which technique is better. Regardless of the implant
material, the goal of STA is to correct the alignment
between the talus and the calcaneus thereby reducing
STJ overpronation.5,6,7 This technique has shown good
results in past literature; however, a major drawback
of this technique has been the need for a second surgery for implant removal 2–3 years from the initial implant procedure.4 Bioabsorbable implants have been
introduced to overcome this drawback.4,7 This review
aims to systematically analyze the efficacy of metallic
vs. bioabsorbable fixation in AR.
METHODS
A database search was performed using Pubmed,
CINAHL, and Cochrane Library. Keywords including
“Arthroereisis,” “Flatfoot Deformity Fixation,” and
“Arthroereisis fixation” were used. The abstracts of
each paper were reviewed to confirm the following required criteria were included:
• The focus of the study was using AR as a surgical treatment for FFD.
• The study includes and notes the usage of
metallic or bioabsorbable fixation as a data
point.
• The paper was published in a peer-reviewed
journal.
• The paper was published in the English language.
Exclusion criteria: Flatfoot deformity caused by an injury, diabetes mellitus, rheumatoid arthritis, or any
other flatfoot deformity.
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Table 1. X-Ray Foot Image Angle Data. Modified from Memeo et al.

Angle

Hardware

Number of
Patients

Mean

Standard Deviation

Standard Error of Mean

CB_PRE

Metallic
Bioabsorbable

200
186

136.72
136.6183

3.61621
3.57007

0.2557
0.26177

CB_POST

Metallic
Bioabsorbable

200
186

122.105
122.2903

4.20385
4.55378

0.29726
0.3339

CB_6M

Metallic
Bioabsorbable

181
167

123.1492
122.0898

5.72663
5.96862

0.42566
0.46187

CB_1Y

Metallic
Bioabsorbable

154
130

123.3701
124.0769

6.28303
5.91623

0.5063
0.51889

HI_PRE

Metallic
Bioabsorbable

200
186

13.025
12.9086

1.46462
1.42837

0.10356
0.10473

HI_POST

Metallic
Bioabsorbable

200
186

16.63
16.3602

2.32381
2.34908

0.16432
0.17224

HI_6M

Metallic
Bioabsorbable

181
167

17.7127
17.485

2.78594
2.862

0.20708
0.22147

HI_1Y

Metallic
Bioabsorbable

154
130

17.961
17.5308

3.09941
3.21862

0.24976
0.28229

TDA_PRE

Metallic
Bioabsorbable

200
186

34.64
34.8817

4.18665
4.30675

0.29604
0.31579

TDA_POST

Metallic
Bioabsorbable

200
186

27.555
27.457

4.74971
4.46376

0.33586
0.3273

TDA_6M

Metallic
Bioabsorbable

181
167

27.8343
29.012

5.49496
5.17523

0.40844
0.40047

TDA_1Y

Metallic
Bioabsorbable

154
130

29.7857
29.9308

4.97308
4.91665

0.40074
0.43122

KI_PRE

Metallic
Bioabsorbable

200
186

28.285
28.0538

2.59953
2.54204

0.18381
0.18639

KI_POST

Metallic
Bioabsorbable

200
186

17.2
17.9409

4.59517
4.69177

0.32493
0.34402

KI_6M

Metallic
Bioabsorbable

181
167

18.453
18.7904

5.34834
5.23983

0.39754
0.40547

Metallic

154

21.8571

5.20486

0.41942

Bioabsorbable

130

21.6462

4.81899

0.42265

KI_1Y
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Table 2. t Test for Equality of Means: Comparative analysis of preoperative and postoperative angular parameters to
the type of surgical treatment. Modified from Memeo et al.
(Abbreviation: T = t-test value, Df = degrees of freedom, SE Difference = standard error difference)

T

Df

Significance
(2-tailed)

Mean Difference

SE Difference

CB_PRE
CB_POST
CB_6M

0.278
−0.416
1.689

384
384
346

0.781
0.678
0.092

0.10172
−0.18532
1.05935

0.36611
0.44575
0.62705

95% Confidence Interval of the Difference
Lower
Upper
−0.61810
0.82154
−1.06174
0.6911
−0.17395
2.29266

CB_1Y

−0.970

282

0.333

−0.70679

0.72868

−20.14113

0.72754

HI_PRE
HI_POST
HI_6M

0.79
1.134
0.752

384
384
346

0.43
0.258
0.453

0.1164
0.26978
0.22768

0.14743
0.23796
0.30287

−0.17346
−0.19808
−0.36802

0.40626
0.73765
0.82337

HI_1Y

1.145

282

0.253

0.43027

0.37571

−0.30929

1.16983

TDA_PRE

−0.559

384

0.576

−0.24172

0.43241

−1.09190

0.60846

TDA_POST
TDA_6M

0.209
−2.054

384
346

0.835
0.041

0.09801
−1.17772

0.47002
0.5734

−0.82612
−2.30550

1.02214
-0.04994

TDA_1Y

−0.246

282

0.806

−0.14505

0.58925

−1.30494

1.01483

KI_PRE
KI_POST

0.883
−1.567

384
384

0.378
0.118

0.23124
−0.74086

0.26199
0.47285

−0.28389
−1.67056

0.74636
0.18884

KI_6M

−0.594

346

0.553

−0.33738

0.56831

−1.45516

0.7804

KI_1Y

0.352

282

0.725

0.21099

0.59933

−0.96875

1.39073

RESULTS
Radiographic:
Memeo et al. used the Costa Bertani angle (CB),
heel inclination angle (HI), Kite’s angle (KI), and the
talar declination angle (TDA) as radiographic evidence to record the respective procedures degree of
correction. Measurements were taken preoperatively
(PRE), postoperatively (POST), six months post-op
(6M), and one-year post-op (1Y).1
Memeo et al. went on to compare the metallic calcaneal stop implant and the bioabsorbable endosinotarsal implant’s radiographic angles using the SPSS
software.1 Memeo et al. presented the data that the radiographic angular differences, between the bioabsorbable and the metallic implant, were not statistically significant. The only statistically significant difference was that the metallic implant had an improved
TDA at the six-month mark of 27.8343˚, compared to
the bioabsorbable implant, which had a TDA of
29.012˚. The p-value for the t-test was 0.04994.
Though Memeo et al. also noted that the TDA at the
one-year mark showed no statistical significance between the two implants. The metallic implant showed

a TDA, at the one-year post-op of 29.7857˚, and the
bioabsorbable implant showed a TDA of 29.9308˚,
with a p-value of 1.014.
Subtalar Extra Articular Screw Arthroereisis
(SEASA), has been described in the literature as a metallic screw inserted into the sinus tarsi, inferior to the
level of the lateral talar process. This procedure has
shown statistically significant radiographic results preand post-operatively, as reported by Pellegrin et al.8
Data on 485 patients were collected on patients who
underwent SEASA from 1990-2012. Radiographic improvement was statistically significant in talar inclination (25 degrees ± 6) and calcaneal pitch angle (14 degrees ± 5). These radiographic angles remained stable
following the removal of the screw, with no statistically significant changes, no p-value was provided.
Patient Satisfaction
A 2017 study by Giannini reported on 44 children
who received bioabsorbable implants. At a four-year
follow-up, only two patients of patients were still experiencing pain related to the procedure. The remaining 42 patients did not experience any complications
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including post-operative pain. Follow-up x-rays
showed the bioabsorbable fixation disappeared.9 In a
second study by Giannini et al., 12 children whose
talocalcaneal coalitions were treated with STJ AR
combined with coalition resection and metallic implants were followed. At 40-month follow-up, outcomes were good.10
Complications
Overall, bioabsorbable implant complications are
inconsistent. Rouzi et al. studied bioabsorbable PolyL-Lactic Acid (PLLA) screws and found that 80% of
patients had satisfactory correction along with efficient bioabsorbment of the materials.11 Giannini et al.
used PLLA screws and reported that in a cohort study
of 44 children only 2 screw breakage complications
occurred, and all screws were fully biodegraded on
magnetic resonance imaging (MRI).9 This study
demonstrated that bioabsorbable fixation is a viable
option for use in AR procedures. However, in 2013,
Baker et al. reported that there was a 17% removal rate
for bioabsorbable implants compared to 19% for nonabsorbable implants in the combined adult and pediatric populations. Baker, et al. used PLLA screws, compared to a non-absorbable screw. Removal of the
screw in these cases was often necessary to treat an irritation reaction or pain at the sinus tarsi. More nonabsorbable screws had to be removed in the adult population, with 21% of non-absorbable screws versus
19% of absorbable screws being removed. In the pediatric population, none of the non-absorbable screws
were removed while 15% of the absorbable screws
had to be removed.12 This suggests that despite the use
of degradable materials, there is still the possibility
that the implant will require removal.
Complications involving metallic screws are uncommon.8 Pellegrin et al. collected data on the complication rates for 398 patients who received a metallic
screw implant. The total complication rate was 6.3%
(25/398). The major complications included the following: nine patients underwent revision surgery due
to screw loosening secondary to a growth spurt. Eight
additional patients experienced ankle joint effusion
and hemarthrosis. Fourteen patients experienced peroneal tendon contracture secondary to compensated
antalgic, pronated gait. Three patients experienced
stress fractures on the 4th and 5th metatarsals secondary
to excessive pressure after AR correction. The evidence suggests that adequate evaluation of the surrounding bone and soft tissue is important for surgical
planning and a satisfactory outcome. Physical therapy
and postoperative orthotic use should be considered in
postoperative patients to prevent peroneal tendon contracture and stress fractures secondary to lateral column overload. Proper evaluation of patient age and

growth is necessary to correctly evaluate the proper
procedure choice for the treatment of FFD.
A recent study by Pavone et al. (2018) reported
that there was an 11.5% complication rate with the use
of a metallic calcaneal stop screw. The population in
this study is composed of 174 feet with FFD secondary to pediatric obesity. Only 0.6% experienced screw
loosening while 8% experienced pain, 1.15% developed peroneal tendon contracture and 1.7% had superficial infection.13 Overall, there are conflicting reports
on the efficacy of the usage of the bioabsorbable
screws vs the non-absorbable screws.
A limitation of the biodegradable implant research
is the lack of long-term follow-up. MRI studies that
follow the actions and inflammation of the implant
and sinus tarsi could be beneficial in the long-term results of the STA implant. STA is a valid surgical option for pediatric flatfoot correction and the development of further studies could strengthen the evidence
of STA as an efficacious minimally invasive surgical
procedure. A second study limitation is that metallic
implants have a low incidence of complications and
are therefore difficult to studyA final limitation of the
literature is the variability of surgeon experience.
CONCLUSION
Bioabsorbable implants, because they require less
frequent removal, have an inherent advantage over
metallic implants. However, an inherent advantage of
the metallic screw fixation is being able to remove the
screw if there are significant complications with the
STA. Larger sample sizes, randomization, and studies
with more statistical power could improve the assessment of STA implant selection. Direct radiographic
comparison between groups could also be beneficial to
assess if both groups attain similar degrees of correction.
In summary, STA is a valid surgical option for pediatric and adult flatfoot correction and additional
studies would strengthen the evidence of STA as an
efficacious surgical procedure.
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Amniotic Membrane Allografts in the Treatment of Chronic
Neuropathic Diabetic Ulcers
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Linda Do, B.S., Nikil Ravishankar, B.S.
ABSTRACT
Amniotic membranes used as a biological
dressing have emerged as a viable component in numerous clinical applications. This meta-analysis explores the conjunction of amniotic membrane usage in
the treatment of diabetic foot ulcers (DFU) and how it
may be faster and more efficient in wound healing
than the widely used collagen graft counterpart. There
are two objectives used to determine the efficacy of
placental grafts: evaluation of complete wound closure
and time to wound closure. The amniotic allografts reviewed in the study are EpiFix® (MiMedx Group,
Inc., Marietta, GA) and Grafix® (Osiris Therapeutics,
Inc., Columbia, MD). Many databases were searched
for amniotic membrane allografts to identify the scholarly articles used in this analysis. The result of this
comparative meta-analysis show that amniotic membrane allografts provide a more efficient closure of
wounds compared to standard care treatment. Amniotic grafts also decrease adverse effects and wound reopening that contribute to infection. These results are
based on three clinical trials, each conducted between
1.
four and six weeks. As diabetic foot ulcers (DFU) continue to plague those suffering from diabetes mellitus,
more treatment studies are needed. It is important to
note that there are other amniotic membrane allografts
available on the market, leading to an opportunity for
2.
more clinical trials to be conducted; Xcellerate® (Precise Bioscience, Inc., Hinsdale, IL) a lyophilized amniotic membrane is an example of a new product that
could help treat DFUs.

When a diabetic ulcer is not treated properly, it
can lead to amputation.1 Often if the wound fits a
standard criterion, a graft may be used to help stimulate healing. The skin substitute standard treatment of
choice for diabetic foot ulcers (DFU) has long been
collagen grafts.2 However, with technological advancement, a newer treatment alternative has emerged
in the wound healing market. The amniotic membrane
allograft has emerged as a less common but viable
wound care therapy.

INTRODUCTION
Diabetes mellitus with neuropathy can lead to
non-healing wounds if left untreated. The non-healing
wound or ulcer presents as an open sore; these ulcers
are commonly found on the plantar aspect of the foot
where the most pressure is exerted.

It is worth mentioning that diabetic neuropathy is
destructive to the body’s innate immunological response and impedes the ability to fight infections.3,5
Autoimmune ulcers such as those caused by pyoderma
gangrenosum can also be treated by amniotic membrane grafts.6 Other ulcerations treated via amniotic

Etiology
Most diabetic-related amputations stem from the
development of foot ulceration.3 Diabetic hyperglycemia is a strong activator of aldose reductase, an enzyme important in the polyol pathway cascade.4 This
metabolic process is the foundation to the pathogenesis of diabetic peripheral neuropathy, which is the root
of diabetic foot ulceration.3 Damage to the sensory and
motor nerves have the following pathophysiology:
Sensory neuropathy contributes to the inability to feel
pain, heat, and temperature. Thus, a cut, burn, or callus
can go unnoticed and produce an ulcer with the probability of infection.3
Motor neuropathy→ muscle weakness & loss of reflexes→ change in gait→ development of deformities
such as hallux abductovalgus and Charcot foot→ abnormal pressure on plantar foot→ predisposition to
foot ulcers.3
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membrane grafts are pressure ulcers, diabetic ulcers,
venous ulcers, and lymphatic ulcers.7,8
Amniotic membrane allografts
Amniotic membranes (AM) are a portion of the
placental sac that lines the interior of the amniotic cavity. The AM is a vital contributor in fetal development
as it has a primary role in cytokines and growth factor
production and is also responsible for the exchange of
water-soluble molecules.9 Some of the growth factors
that are found to be secreted by the AM include basic
fibroblast growth factor, epidermal growth factor,
keratinocyte growth factor, nerve growth factor, and
vascular endothelial growth factor.9,10,11 In addition to
promoting fetal growth via these growth factors, the
AM also provides fetomaternal tolerance, which suggests that immunomodulatory properties could be
found in the tissues of the AM.12
Standard collagen graft
Collagen grafts, made from animal protein, are often used for advanced wound care therapy. Synthetic
collagen used in wound healing is biocompatible, biodegradable, and non-toxic upon exogenous application. Collagen grafts promote granulation leading to
wound healing.13 The collagen lattice structure provides support for differentiation and fosters the growth
of epithelial cells.2
METHODS
This meta-analysis evaluates the efficacy of the
placental grafts using two criteria:
- Criteria 1: Evaluation of complete wound closure.
- Criteria 2: Time to wound closure in patients receiving allograft treatment compared to a control.
A series of online databases that included Wiley
Online Library, NCBI, and PubMed were examined to
find relevant publications on “amniotic grafts” and
“diabetic foot ulcer treatment.” Results for Grafix (an
amniotic graft) and other amniotic membrane products
yielded clinical research articles with sufficient detail
to write this meta-analysis.
Grafix treatment
Lavery et al. assessed the efficacy of Grafix for
the treatment of chronic DFU’s. Grafix is a human viable wound matrix (hVWM); this cryopreserved placental membrane allograft is composed of living cells
and growth factors.14 The intended outcome for using
such new advances in wound care is to mimic the extracellular matrix and promote better healing and
wound closure.
To avoid misrepresentation in data it is important
to create a set of guidelines that participants in the
study must follow. These guidelines are referred to as
inclusion and exclusion criteria. Aside from the

patients having diabetes mellitus, some inclusion criteria for this study are: a chronic wound of greater than
four weeks and an ulcer between 1 and 15 cm. As for
exclusion criteria, patients can not have a hemoglobin
A1C above 12%, wound or bone infection, and an Ankle Brachial Index (ABI) <0.70 or greater than 1.30. A
Doppler study to assess arterial waveforms was also
conducted to exclude certain participants. The indexes
serve to evaluate adequate perfusion and blood flow.
Patients were randomized to a control treatment arm
and a group receiving Grafix; the control to Grafix ratio was 1:1. The blinded treatment phase lasted 84
days where application of the amniotic graft was applied once a week (± 3 days). Standard wound therapy
was applied once a week for the control group. Evaluations to monitor wound closure were assessed
weekly.14
EpiFix treatment
Two clinical trials using EpiFix, a dehydrated Human Amnion/Chorion Membrane (dHACM) allograft
are included in this meta-analysis. Both trials compared DFU wound healing using EpiFix versus regular
standard of care treatment (SOC). The clinical trial
conducted by Zelen et al. in 2013 was composed of a
random selection of 23 patients, 12 of whom were
placed in the SOC group and 13 in the Epifix group
for an evaluation period of six weeks.
The second trial examined the “healing effectiveness of EpiFix, Apligraf(®) (Organogenesis, Inc.,
Canton, MA), and standard wound care [made of] collagen-alginate dressing”.16 An outcome including cost,
velocity, and percent change in wound closure were
studied in this research. The trial consisted of 60 patients distributed equally in three groups. For the purpose of this meta-analysis, two of the three groups
studied in this second Epifix clinical research will be
addressed: the group receiving weekly EpiFix applications and the standard wound care group. The duration
of this trial was also six weeks.16
RESULTS
Grafix
The data shows a positive efficacy rate in the
treatment of DFU using the stem cell allografts. In the
study using Grafix, the reduction in wound closure
compared to the control group was so overwhelming
that study enrollment was terminated because placental grafts had a much greater effect on wound closure
relative to the control group receiving standard wound
therapy composed of wound debridement, non-adherent dressings, and off-loading devices. The wound
healing results of the 97 patients evaluated in the
Grafix study are as follows: 62% of patients receiving
the Grafix application had their wounds healed compared to 21% in the control group.14
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EpiFix Trial 1
By the end of the trial, a mean wound reduction of
98.4% ± 5.8% was measured in subjects receiving the
EpiFix (n = 13) applications. This is relative to the
subjects in the SOC group (n = 12) in which the mean
wound reduction was -1.8% ± 70.3%.15 In week one,
an average wound size reduction of 20% was noted for
those in the SOC group, whereas a mean wound size
reduction of 80% was noted in the group receiving the
amniotic allograft EpiFix.15
A healed wound is defined as complete epithelialization of the open area of the wound according to
Zelen et al. The data demonstrates that over 50% of
subjects who were administered the EpiFix treatment
healed from their ulcer within the first week.15 Patients
who were not receiving the amniotic treatment showed
relatively no level (0%) of completely epithelialized
wounds for the majority of the six-week trial.15

EpiFix Trial 2
According to Zelen et al., “The proportion of patients in the EpiFix group achieving complete wound
closure within 4 and 6 weeks was 85% and 95%, significantly higher (all adjusted P-values ≤ 0·003) than
for patients receiving Apligraf (35% and 45%), or
standard care (30% and 35%)” (Figure 1). Patients receiving the amniotic graft also had the largest mean
percent in wound size reduction. Week one yielded a
mean wound size reduction of 83% for patients in the
amnion group and 35.3% percent in those receiving
SOC. By week six, the mean percentage in wound size
reduction was 97.1% in the amnion group and 27.7%
in the SOC group16. By using the Kaplan-Meier analysis, the study also measured time to healing relative to
the three study groups (EpiFix, Apligraf, and SOC); in
this analysis we will compare two of these groups, EpiFix versus SOC. The results of the Kaplan-Meier
analysis for patients who completely healed demonstrated that the median time to healing was 13 days for
those receiving the amniotic allograft treatment (EpiFix) and 49 days for participants receiving the standard care.16

Figure 1. EpiFix Trial 2: a comparison between the percentage of patients achieving complete wound healing by
weeks four and six.
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DISCUSSION
Grafix
Based on the results, the wounds treated with
Grafix healed faster, compared to standard care; there
was a decrease in adverse events and time to wound
closure. By the end of the 12-week study, 62% of
those receiving the Grafix application reached complete wound closure. In the control group 21% were
able to reach full wound closure.14 In relation to their
counterparts, the patients that received Grafix (the amniotic graft), reached total wound closure at an accelerated rate.
The median time for healing of amniotic graft patients was 42 days in amniotic graft while patients of
standard care had the median time for healing of 69.5
days. The patients that received the Grafix had a faster
rate of wound healing. 44% of the patients who received Grafix had adverse effects while 66% of patients who received standard care had adverse effects.
This shows that Graffix has fewer adverse effects
when compared to standard care. 18% of the patients
who received Grafix had wound-related infections
while 36.2% of the standard care patients had wound
related infections. 82.1% of patients who received
Grafix wounds remained closed while 70% of the patients who received standard care remained closed.14
This shows that Grafix is efficacious at preventing
wound reopening after healing.
EpiFix Trial 1
After four weeks, there was a wound reduction in
size by a mean of 97.1% ± 7.0% in the EpiFix group,
while there was a wound reduction in size by an average of 32.0% ± 47.3% in the SOC group. This shows
that EpiFix is substantially efficacious in wound size
reduction compared to the standard of care method.
This study yielded a healing rate of 92% using EpiFix,
and a healing rate of 8% using standard treatment.15
EpiFix Trial 2
After four weeks, there was a complete wound
closure of 85% in the EpiFix group, while there was a
complete wound closure of 30% in the standard of
care group. After six weeks, there was a complete
wound closure of 95% in the EpiFix group, compared
to 35% in the standard of care group.16
Evaluating the progression of ulcer dimension and
healing rate is crucial for the advancement of neuropathic ulcer research. This data is beneficial for the
clinician and patient as it allows for better treatment
decisions and outcomes. From this analysis, it is indicated that a large part in achieving re-epithelization
depends on the type of dressing therapy being administered.

Lyophilization and Cryopreservation
Although this research primarily assesses the
healing capabilities of a single type of amniotic membrane compared to the standard use of a collagen graft,
it is thought necessary to briefly study the factors making a particular AM graft better than the other. Biocompatibility of the amnion graft is the key feature to
having an effective dressing, thus, the method of processing the amnion membrane is important.17 Most
techniques used to prepare AM for patient use involve
harsh chemicals and sterilization processes that are
detrimental to the AM matrix and wound healing
properties of the graft.17 This section will mention the
biocompatibility of cryopreserved amniotic membrane
(C-AM) such as Grafix in relation to lyophilized amniotic membranes (L-AM), for example, Xcellerate®,
and their ability to retain the histological properties
and function similar to the native amniotic membrane
(N-AM).
After preparing the N-AM, there are two widely
accepted methods for storage; cryopreservation and lyophilization18. Ahn et al. compared C-AM to L-AM
and demonstrated that a lyophilized amniotic membrane has a higher rate of graft take, a longer shelf life,
is easier to store, and safer, due to gamma irradiation,
than a CAM.18 The immunohistochemical staining and
imaging results also show that the L-AM can serve as
a stem cell niche, in a similar or slightly better manner
than the C-AM.18 Bioactive molecules that are retained in L-AM include PTX3 and other growth factors; these proteins are found in the N-AM and remain
consistent in the lyophilization process.17 Aside from
maintaining a higher level of similarity to the N-AM,
lyophilized amniotic membrane allografts prove to be
advantageous in terms of its simple storage and minimal storage requirements.17 The L-AM benefits listed
above could serve as a deciding factor for physicians
and patients to choose between C-AM and L-AM
when treating chronic ulcers. A significant need for
more clinical research on L-AM is warranted as it may
yield better patient outcomes than the use of a cryopreserved graft.
CONCLUSION
Millions of people live with diabetic neuropathic
ulceration. The high mortality and morbidity rate associated with the disease demands for continuous research. The results of this meta-analysis indicate that
advancements in ulcer treatment via amnion grafts
lead to faster healing and reduced wound complications. While collagen grafts remain the popular treatment of choice for diabetic neuropathic foot ulceration, amniotic grafts are a potential successor.
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ABSTRACT
Background: Because of its anti-scarring and anti-inflammatory properties that reduce healing time, the
use of mesenchymal stem cells (MSC) in the repair of
Achilles tendon rupture has increased.
Objective: This literature review assesses the correlation and efficacy of stem cell therapy in Achilles tendon rupture repair.
Methods: Relevant research articles on the efficacy of
stem cell therapy were identified via the PubMed,
EMBASE, and SPORTDiscuss databases. The categories used in this review to assess efficacy included
load-bearing capabilities, tendon thickness, and the
rate of re-rupture.
Results: Multiple studies include the use of MSC in
tendon rupture recovery; however, the studies also
show a lack of definitive means to direct the development of stem cells into the specific tissues needed.
Conclusion: The consensus demonstrates a lack of
definitive correlation between stem cell use and improvement in Achilles tendon recovery.
Introduction
From nervous tissue to cartilage to limb salvage, a
treatment where any type of cell could potentially be
grown seems like an ideal modality. Whether it is
treating rare diseases where genetic mutations prevent
the development of specific proteins, to efforts in reversing normal senescence in cells, the application of
human stem cells as a treatment choice has many applications.
Tendon healing can be slow and the limited functional outcome of current tendon repair techniques
may be driving the development of alternative approaches for tendon regeneration.
Mesenchymal Stem Cells (MSC) are rich in progenitor capabilities. The multiple-lineage differentiation potential that these cells possess and their high
mitotic potential, has many clinical applications.1 Stem cells are categorized into four types

based on trans-differentiation potential: unipotent,
multipotent, pluripotent, and totipotent (with the human zygote being the only totipotent precursor and the
latter having smaller scopes of differentiation).1 MSC
are further categorized based by their derivative tissues including embryonic stem cells, tissue-specific
progenitor stem cells, bone marrow stem cells, umbilical cord stem cells and adipose stem cells.2
A factor contributing to MSC differentiation potential is the microRNA secretions that lead to a paracrine signaling cascade of cell proliferation and development. The gene regulatory factors of non-coding
microRNAs directly affect gene translation and subsequent application to musculoskeletal injury.3 These genetic modifiers are used in the critical step of cell
seeding, a method of cellular attachment to physiological scaffolding proteins that are needed in the process
of tissue regeneration and tissue engineering during
tendon repair through various modalities. 4,5
In addition to their proliferative potential, the
physiological aspect of increased transplantation acceptance makes stem cells an effective treatment option. Petersdorf et al.6 discussed the low expression of
major histocompatibility complexes of stem cells and
the secretion of specific chemokines that aid in graft
tolerance. They also discuss the decreased risk of tissue rejection during transplantation, which increases
the viability of such treatment options.
Another aspect of consideration in stem cell treatment is stem cell survival rate. Cells must survive,
proliferate, differentiate, and integrate into the host
circulatory system, all of which ultimately depend on
the physical number of cells being transplanted into
the host. 6,7 These factors all contributed to the purpose
of this literature review that focuses on the efficacy of
MSC use in the repair of a ruptured Achilles tendon.
METHODS
Studies included in this review included MSC use
in tendon repair. Peer-reviewed studies were searched
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in PubMed, EMBASE, SPORTDiscuss with inclusion
factors of randomized controlled trials and cohort
studies. Eligibility factors included outcome measures
or assessment of tendon healing. Keywords and
phrases used included “stem cell therapy,” “Achilles
tendon repair,” “tendon rupture,” pluripotent stem
cells,” “mesenchymal stem cell therapy,” “cell-mediated repair,” “tendon healing,” “stem cell for tendon
healing,” and “stem cell clinical applications.” The
studies in this paper included those from the year 2005
to present. The studies found were also cross-referenced with other peer-reviewed investigations to
check for similarities and contradictions. The focus
was specific for stem cell therapies and associated
mechanisms of stem cell physiology. Therefore, studies including other treatment modalities such as surgical repair, pharmacologic, non-medicinal or combination therapies were excluded.
DATA
All studies included in this review assessed the
hypothesis of MSC improving biomechanics of a post
rupture Achilles tendon. As such, statistical data reviewed included three criteria in relation to the qualitative interpretation of tendon repair: load-bearing capabilities, tendon thickness and rate of re-rupture.
Young et al.8 studied autologous mesenchymal
stem cell-mediated repair on defective gastrocnemius
tendons in rabbits. Control groups were treated with
regular sutures and compared to experimental groups
treated with MSC-collagen matrix. When the MSCcollagen matrix was prepared with fibroblastic ligament equivalents, Young et al. found improved biomechanical properties of the Achilles tendon compared to
the control group shown in the subsections below.
Load-bearing capabilities
In addition to cross-section mass, load-related
structural properties were also measured with the experimental group averaging double load values compared to the control group at all measured intervals.
Young et al. theorized this was from type-1 collagen
gel contraction by mesenchymal stem cells onto pretension suture being able to double the load-related
structural biomechanics of the gap repair, which improved material properties of the repair compared with
the use of suture alone.
Almeida et al.,9 supported by Vermeulen et al.10
used reverse transcriptase-polymerase chain reaction
(RT-PCR) and Dunn’s Post-Hoc surface topography
and measured sample T tests and P values respectively. It was found that culture levels remained constant for 3-4 days post cell culturing with a decline in
observed nuclear signal after seven days leading to absent signals after 21 days. Quantification of these intensity levels used p values of <0.05 and <0.01

respectively. This data also led to the recognition of
limitations in the use of MSC as a treatment modality
in an increased expression of the collagenolytic activity of matrix metalloproteinases, and enzymes. These
components are essential in the regulation of extracellular matrix degradation and are present in the process
of acute and chronic wound re-epithelialization.11
Almeida's findings were supported by a separate
study conducted by Usuelli et al.12 examining the use
of allo-adipose tissue stem cells (allo-ASCs) and bone
marrow-derived mesenchymal stromal cells (BMSC)
to treat Achilles tendon rupture. Following the use of
stem cells, the efficacy of such treatment was measured using Magnetic Resonance Imaging (MRI) and
ultrasonography (US). The allo-ASC injection results
were compared to plasma-rich plasma (PRP) treatment, and it was found that the American Orthopedic
Foot and Ankle Society (AOFAS) score was significantly higher in the allo-ASC group than in the PRP
group after 15 days (80 vs. 67, respectively). However, reports after 60 days of follow-up no longer
showed a difference between AOFAS scores between
patients treated with the allo-ASC or PRP injection.12
Tendon thickness
Young et al.8 also compared tendon thickness
measurement between experimental and control
groups showing the post-treatment averaging crosssectional areas of 7.4mm compared to the 5.4mm control group, with an average variation of 2.8mm and
2.6mm respectively.
The data collected by Young et al.8 was supported
by Yin et al.4 who found similar results in mice showing MSC experimental groups having an average of
19% larger cross-sectional area than control groups in
tendon repair. Feng et al.13 also found that stress capabilities were increased by almost six times with material modulus increases of nearly 16 times alongside
highly aligned fibrils when viewing along a single axis
by constraining cell-collagen gel contraction. Vermeulen et al.10 showed a significant difference in almost 50% of strain induction using varied topographic
culturing methods leading to increased transcription
factors levels (P<0.05) with subsequent increase in
collagen matrix deposition and mechanical strengthening of cell constructs and increased cytokine production in mice.
Yu et al.14 hypothesized tissue proliferation
through MSC was from paracrine signaling on exosomes. In this experimental study, bone marrow mesenchymal stem cells (BMSC) were infused inside exosomes and embedded within fibrin. The solution produced was subsequently injected into
damaged/ruptured tendons in an experimental group of
rats. Similarly, a control mixture without BMSC was
injected into a separate control group of rats.
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Histological scores were then observed with enhanced
transcription factor Mohawk (Mkx) expression in the
experimental group compared to the control. Additionally, tenomodulin, a family member of the type two
transmembrane glycoprotein expressed in tendon proliferation showed a marked increase in its expression.
Further analysis also showed an increase in type one
collagen and increased neo-tendon mechanical properties compared to the control group. Furthermore, Yu et
al. hypothesized that BMSCs also influenced on the
proliferation and migration of tendon stem/progenitor
cells (TSPCs). In the experimental group, TSPCs were
stained with crystal violet and co-cultured with
BMSC. The results showed an increase in migration
rate of 1.80 at 12 hours, and 2.21 at 24 hours. When
compared with the control group without BMSC, the
migration rate of TSPC at 12 hours was 1.5-fold and
1.79-fold at 24 hours.
Rate of re-rupture
Additional support for the therapeutic benefits of
MSC treatment of Achilles tendon repair was provided
by Stein et al.15 Stein followed 27 patients over two
years of therapy between 2009 and 2011, collecting
data on the use of BMSC injection for treatment of
sport-related acute Achilles tendon ruptures following
open tendon repair. Stein evaluated the potential of
BMSC’s effect on the following: strength, range of
motion, re-rupture, and functional improvement. The
data showed that all patients in the study regained the
ability to walk without a boot at 1.8 +/- 0.7 months
with no re-rupture of Achilles tendons reported after a
mean follow-up of 29.7 +/- 6.1 months. In addition to
the tendon recovery, it was also noted that no adverse
outcomes of soft tissue masses, bone formation, or tumors from treatment were observed.
DISCUSSION
This paper supports the use of stem cells in the
treatment of Achilles tendon rupture. MSCs can be
sourced from several different tissues and applied for
therapeutic purposes in the treatment of Achilles tendon rupture. Evidence from in vitro and in vivo studies
has indicated the ability of MSCs to accelerate and improve tendon healing. Some examples were shown by
Young et al.8 Mesenchymal stem cells were collected
from bone marrow aspirate and culture-expanded with
isolation of pre-differentiation cells. These primary
cultures were seeded, and the mesenchymal stem cellmatrix implant consisted of a pre-tensioned, polyglyconate suture to which the cultured MSCs were affixed as they contracted a collagen gel. These cells
were incubated in physically constrained collagen
gels. Almeida et al9 conducted studiedMSC harvested
from two sources: bone marrow and adipose tissue to
evaluate tendon healing. The authors harvested bone

marrow mesenchymal stem cells (BM-MSC) from the
iliac crest through a minimally invasive aspiration procedure. BM-MSC contained tendon proliferation
genes including extracellular matrix markers, collagen
type 1, decorin, and tenascin. In addition to bone marrow extracts, Almeida sampled adipose tissue stem
cells (allo-ASC) via extraction liposuction procedures
of subcutaneous tissues.
MSC has the therapeutic ability to bind to the target site and repopulate the injured tissue. 8,10,14 The
current research on stem cell therapy for tendon disorders revolves around the hypothesis that tendon healing from the paracrine effects of injected stem cells or
the stem cell differentiation into tenocytes.
Additionally, MSCs contain tendon-related genes
tenomodulin, type one collagen, Mkx, decorin and
tenascin which can all potentiate tendon growth and
regeneration. They also speed up the recovery process
of a damaged tendon when compared to the controlled
studies.9,11,14 Another type of MSCs discussed was the
allo-ASC. Although the direct mechanism is not fully
understood, its combination with tendon explants in
culture positively affects tendon growth and regeneration.9 Furthermore, the significant increase in the
AOFAS score after 15 days compared to traditional
PRP signifies the positive effects of allo-ASC in the
potentiation of tendon growth. However, collection
methods as mentioned above are difficult and quantitative measurements have shown culturing methods to
be inefficient for long-term use.8,10 Methods for long
term cell preservation are still undiscovered and as
such, more research is needed to not only increase the
viability of its use but also to appreciate the long-term
effects of allo-ASC because studies show a marked
decrease in nuclear TF presence after 21 days9,10 and
60-day follow up shows no statistically difference between allo-ASC or PRP injection.12
CONCLUSION
The current literature on the use of stem cell therapy to treat Achilles tendon pathology is promising in
a short-term laboratory setting. Further studies are
needed on the long-term outcomes of stem cell therapy
in a clinical setting. Future studies should consider
comparing stem cell therapy to current evidence-based
therapies, including those such as extracorporeal shock
wave therapy and physical exercise. Additionally, an
important consideration in the use of stem-cell therapy
is its purpose as an adjunct therapy that parallels current evidence-based modalities.
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ABSTRACT
Uninsured patients with diabetes mellitus are at
high risk for amputation. This case series illustrates
how podiatric care at a student-led free clinic led to
the healing of diabetic foot ulcers (DFUs) and the prevention of amputations in an uninsured population.
Uninsured patients receiving podiatric care at the
Interprofessional Community Clinic (ICC), a free
clinic at Rosalind Franklin University Health Clinics
(RFUHC) in Illinois, were identified for the period
from January 2014 through 2021. Females or males
aged 18 and older with a DFU were included. Patients
lost to care (n=2), defined as a gap in care of over 6
months, were excluded. Medical and social history,
wound characteristics, glycemic control, wound care,
and offloading modalities were retrieved from their
electronic health records.
Three patients from a low-income community
near RFUHC were included. All had diabetes mellitus
and peripheral neuropathy, and two had peripheral artery disease. Patient one’s Wagner grade 1 ulcer
healed in 10 weeks (6 visits). Patient two’s Wagner
grade 2 ulcer healed in 21 weeks (7 visits). Patient
three’s Wagner grade 1 ulcer recurred twice but healed
60 weeks (12 visits) after initiation of treatment at the
ICC. Limb preserving podiatric care services at the
ICC included wound care with debridement and home
dressing changes, offloading with felt padding, surgical, or therapeutic shoes, and glycemic control education. Following this care, no amputations were necessary.
As podiatry clinics offer essential preventive and
specialty limb salvage care, the inclusion of podiatric
services at free clinics in high-need areas greatly benefits the uninsured population.
INTRODUCTION
In 2018, the Centers for Disease Control and Prevention reported that 34.2 million people were diagnosed with diabetes mellitus (DM) nationwide.1

Approximately 19-34% of individuals with DM will
develop a foot ulceration.2 Peripheral artery disease
(PAD) is also commonly seen in the diabetic population and leads to many complications ranging from
impaired wound healing to amputation of the lower
extremity.3 The Wagner classification system, graded
on a scale of 0 to 5, is a common classification system
for the dysvascular foot.4 Diabetic foot ulcers (DFUs)
with grades 3 to 5 are at the highest risk for amputation. It is estimated that a lower extremity amputation
is performed every 30 seconds in the diabetic population worldwide.5
Lower extremity amputations disproportionately
affect people of lower socioeconomic status. A query
of the National (Nationwide) Inpatient Sample Database that included patients who were admitted with a
diagnosis of critical limb ischemia from 2005 to 2014
(n=162,249) found that low median household income, Medicaid insurance, and uninsured status were
associated with a greater likelihood of amputation.6
Furthermore, the incidence of amputation is increased
in Hispanics compared to non-Hispanic whites.7 Factors that may play a role include differences in access
to specialty medical care, patient education, self-care
practices, patient compliance, disease severity, and
cultural factors.
Adherence to the American Diabetes Association
(ADA) Guidelines in a free clinic for the uninsured
has been shown to outperform the published standards
achieved in insured clinics. Eldakroury et al. examined
biomarkers of diabetes management including hemoglobin A1c (HbA1c), compliance with ADArecommended health monitoring events, and presence
of health-promoting behaviors via a retrospective chart
review (n=33).8 The investigators found that the average HbA1c of patients receiving ongoing diabetes care
at their clinic was 8.4 +/-2%, which is lower than the
values reported in studies focusing on insured populations. Furthermore, they found that at least 50% of patients met or exceeded the health behavior
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recommendations for improving diabetes management
in tobacco and alcohol use and pneumococcal vaccination. These findings suggest that services provided at
free clinics can have an important role in managing
and preventing complications in patients with DM, including DFUs and lower extremity amputations. Free
clinics have been shown to improve management of
DM;8 however, there is a lack of studies showing the
benefits of a student-led free podiatry clinic on limb
preservation related to diabetic complications.
Uninsured individuals with DM are at high risk
for lower extremity amputation due to lack of
healthcare access.6 Providing patients who are at risk
for amputation with free quality care may lower this
trend. This case series reports on the impact of free podiatric medical services had on the healing of DFUs
and prevention of amputations in an uninsured population.

A 51-year-old Hispanic female with Type 2 DM,
peripheral neuropathy, and Charcot neuroarthropathy
presented to ICC’s podiatry clinic with a Wagner
grade 1 ulcer at the plantar-lateral midfoot of the left
foot of two months duration. The patient had previously been hospitalized for one week for the ulceration
and was discharged home on IV antibiotics. HbA1c
was measured to be 9.7% at presentation.
The patient was previously seen irregularly at several clinics in the community before transferring care
to the ICC. At the ICC, the patient received regular
sharp debridement in the clinic as well as patient education on how to change wound dressings at home and
blood glucose control. A knee-high removable walking boot accommodated with ½”-thick felt padding
was used for offloading. The patient healed in 10
weeks (6 visits) without recurrence or new amputation
at 7-week follow-up.

CASE PRESENTATIONS
This case series includes three uninsured patients
seen by podiatry services at the Interprofessional
Community Clinic (ICC), a suburban student-led free
clinic at the Rosalind Franklin University Health Clinics in Illinois. Patients were identified from the time of
ICC podiatry clinic’s inception in January 2014
through June 2021.
The ICC’s electronic health records were searched
to identify patients for this case series (Figure I). Included in the inclusion criteria were females or males
aged 18 and over with a DFU (n=5). Two patients
were excluded because they were lost to care, which
was defined as a gap in care lasting over six months,
occurring prior to the healing of the DFU. The three
remaining patients that met the inclusion and exclusion criteria were included. All three were residents of
a community with a poverty rate approximately 50%
higher than that of both the state and national levels
according to the most recently published United States
Census Bureau data.9
Information on medical and surgical history,
wound characteristics (i.e., Wagner grade, and location), glycemic control (using HbA1c), local wound
care, and offloading modalities were recorded.

Case 2
A 44-year-old Hispanic male with Type 1 DM,
peripheral neuropathy, and PAD, as well as history of
left hallux amputation and left lower extremity revascularization presented to ICC’s podiatry clinic with a
Wagner grade 2 ulcer at the lateral aspect of the 5th
metatarsal head of his left foot. The patient presented
with an HbA1c of 7%.
The patient was previously followed by a podiatrist at a foot and ankle clinic but he left due to the distance to the clinic and lack of insurance. In addition to
the ICC providing free care, it also provided an easier
access for the patient than the prior clinic due to its
closer proximity to his home. At the ICC, the patient
received regular sharp debridement in the clinic as
well as patient education on wound dressing changes
at home and blood glucose control. Accommodative
orthoses were provided for offloading. The patient
healed in 21 weeks (7 visits) without recurrence or
new amputation at 20-weeks follow-up.

Figure I. Study Participants with the inclusion and exclusion criteria.
Case 1

Case 3
A 47-year-old Hispanic male with Type 2 DM,
peripheral neuropathy, hypertension, chronic kidney
disease, and a history of right partial 5th ray amputation as well as left hallux and 3rd digit amputations
presented with a Wagner grade 1 ulcer at the plantar
3rd metatarsal head of the left foot. The patient noticed the ulcer six days prior and was discharged from
the emergency department (ED) on antibiotics 3 days
before presenting to the ICC. His HbA1c was 9.2% at
the ED.
The patient was previously followed by a podiatrist at a private foot and ankle clinic but discontinued
care due to cost. At the ICC, the patient received regular sharp debridement in the clinic as well as patient
education on home wound dressing changes with
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povidone-iodine, blood glucose control, and blood
pressure control. Diabetic shoes were provided at a
30% discount after the podiatrist sent a written letter to
the shoe manufacturer. The patient’s HbA1c improved
to 7.9% 20 months after initiating care at the ICC’s
podiatry clinic.
At five weeks (2 visits), the original, left foot ulceration was healed, but the patient had developed a
new Wagner grade 1 ulcer on the right foot, which
also healed five weeks after the initial presentation (2

visits). Unfortunately, both DFU recurred 38 weeks after healing of the right foot ulceration. Both of these
Wagner grade 1 recurrent ulcers healed after 1 week (1
visit) and the patient was ulcer-free for seven weeks
before developing a third Wagner grade 1 ulcer on the
left foot, which eventually healed in four weeks (3 visits). Following the healing of this most recent DFU, no
new DFUs occurred over a follow-up period of 19
weeks. The patient cases are summarized in Table 1.

Table 1. Summary of Patient Cases

DISCUSSION
All three patients in this case series were uninsured, of low socioeconomic status, and had more than
one risk factor for major leg amputation (e.g., PAD,
chronic kidney disease, Charcot neuroarthropathy, or
history of foot amputation).10, 11
At the ICC, the patients received professional foot
care treatment characteristic of services that would be
offered at an insured podiatry clinic, including regular
sharp or mechanical wound debridement, offloading,
and patient education on home dressing changes with
povidone-iodine and gauze. A systematic review and
meta-analysis of different debridement methods for
DFU supports the efficacy of surgical sharp debridement in shortening healing times.12 Similarly, the offloading modalities used at the ICC are consistent with
commonly used offloading modalities, including felt
padding, surgical shoes, and therapeutic shoes.13, 14 Offloading guidelines recommend the use of knee-high
irremovable devices as a first-line choice, followed by
removable knee-high devices, and then removable ankle-high devices.15 Footwear with felted foam padding
is the fourth recommended offloading device.

Although total contact casts and knee-high irremovable devices are the first recommended offloading device, studies have found that they are not frequently
used by podiatrists due to poor patient tolerance and
the time needed to apply the cast.16 Correspondingly,
the ICC is stocked with knee-high walking boots, felt
padding, and shoes that are either donated by a local
podiatrist, purchased from ICC funds (quarterly
budget of $500), or donated by Dr. Scholl’s, the
American footwear and orthopedic foot care company.
Patient education was provided to all patients and
included a discussion with patients on the importance
of glucose control and daily foot checks. According to
a recent meta-analysis, intensive patient education
(lasting 45 minutes to 1 hour) is associated with reduced incidences of DFUs.17 Given the length of each
appointment was not included in the patients’ medical
charts, it could not be included for comparison in this
case series. Finally, povidone-iodine is a commonly
used antimicrobial that has a lower cost than other topical antimicrobial agents used for DFU according to a
recent Cochrane review.18
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All patients in this case series were encouraged to
follow up with primary care and, where relevant, endocrinology or vascular surgery. Multidisciplinary
teams that address local wound management, glycemic
control, vascular disease and infection have been associated with reduced major amputation.19 Furthermore,
a recent systematic review found reduced total and
major lower extremity amputations (RR: 0.69, 95% CI
0.54-0.89, I2 = 64%, P = 0.002; RR: 0.45, 95% CI
0.23-0.90, I2 = 67%, P < 0.02, respectively) when multidisciplinary teams involve podiatrists.20 To our
knowledge, one study has discussed the impact of a
free student-led podiatric medical clinic,21 but no
study has examined the impact of podiatry services on
limb amputation in a multidisciplinary or interdisciplinary free clinic.
Following initiation of care at the ICC all patients’ DFUs healed and no amputations were needed.
Only one patient had a DFU recurrence following
healing of the DFU at initial presentation. Because this
case series is the first to report on DFU management
and limb preservation at a student-led free clinic with
podiatric services, comparisons could not be made
with other studies.
One of the limitations of this study is that it is retrospective and therefore subject to selection bias. Additionally, given that only 3 patients were included,
higher-powered studies are needed to assess limb-preserving podiatric care of an uninsured patient population. Future studies should also evaluate the cost-effectiveness of free limb preservation services in highneed areas.
Implementing free limb preservation services in
high-need areas may be an important step in the treatment of DFU. Providing this service to uninsured patients can help heal DFUs, educate patients on proper
wound care, and prevent further complications including major leg amputations. Proper wound care and
limb preservation can improve patients’ lives and
eliminate preventable amputations over the next generation.
CONCLUSION
DFUs are a costly, life-altering complication of
DM. Without intervention, DFUs can lead to amputations of the lower extremity. Uninsured individuals
with diabetes are disproportionately more likely to undergo amputation because of a DFU. The inclusion of
podiatry services at free clinics allows uninsured patients with DFUs access to essential wound care,
dressing changes, offloading modalities, and glycemic
control education. This case series demonstrates that
podiatric care provided at a student-led free clinic is
critical to healing DFUs and preventing lower extremity amputations in the uninsured population.
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The Impact of Surgical Gangrenous
Amputation on Quality of Life
Azariya McClendon, B.S., B.A., Zaria St Lawrence, B.S.
ABSTRACT
Untreated gangrene, especially the types classified
as wet gangrene or gas gangrene, increase the risk of
amputation. A search of Pubmed and Google Scholar
was conducted in which numerous terms related to
gangrene and lower extremity amputations were
searched. This literature review discusses the main
types of gangrene and evaluates the quality of life for
a lower extremity gangrenous amputee. Prognosis and
amputation methods, when required, vary depending
on the location of the infection and the type of gangrene. The use of prosthesis is seen in patients that
were ambulatory prior to surgical amputation or in patients who have received a through the knee or below
the knee amputation.
INTRODUCTION
Gangrene, which is often associated with infected,
ischemic, or necrotic tissue, is a condition that can
lead to death if left untreated. Although the extremities
are the most commonly impacted areas, gangrene can
occur anywhere in the body, as seen with Fournier’s
gangrene, which is found in the genitals.¹ Due to location, podiatric physicians most often encounter wet
and dry gangrene, but occasionally patients will present with gas gangrene. Malodor, skin discoloration,
erythema, purulent discharge, and black tissue, which
is indicative of necrosis in the affected area, are pathognomonic clinical signs of a gangrenous infection.
Treatment of gangrene includes debriding the necrotic tissue, surgically reestablishing blood flow to
the area, and amputation (depending on the severity).²
Surgical intervention, although often necessary, impacts the patient’s quality of life, and is associated
with outcomes such as an increased likelihood of
death and the need for prolonged postoperative care.³
This literature review examines the causes and pathophysiology of gangrene as well as the quality of life
post-surgical amputation.

METHODS
The focus of the search was finding articles
on the following topics related to gangrene: infection,
pathology, lower extremity surgical amputations,
changes in gait, quality of life, mortality, and survival
rate. The major focus was gangrene and the implications of the infection, which led to a broad search of
PubMed and Google Scholar for the following terms:
“lower extremity amputation quality of life”, “gas gangrene,” “dry gangrene,” “wet gangrene,” “amputation
impact on gait,” and “gangrenous infection.” To be included in this paper, the studies had to meet the following criteria: be an original research study, literature
review, or meta-analysis, written in English and published between 2005-2022. The authors independently
reviewed each article for completeness and cross-referenced each article in search of conflicting information. All articles used in this review were congruent
with one another.
DISCUSSION
Gangrenous Conditions Commonly Associated with
Amputation
Lifestyle is associated with both the development
of and type of gangrene present. Risk factors include
history of trauma and the usage of cigarettes. A major
risk factor contributing to gangrenous infection is any
condition impacting peripheral blood flow. Hypercholesterolemia, hypertension, truncal obesity, and hypertriglyceridemia are conditions that contribute to metabolic syndrome. Metabolic syndrome increases the
risk of developing a cerebrovascular accident, diabetes
mellitus, cardiac disease and peripheral vascular disease. Likewise, age also plays a role, as the chances of
developing any type of gangrenous infection increases
with older age, due to the likelihood of pre-existing
comorbidities.⁴
Dry, wet, and gas gangrene are most commonly
associated with lower extremity amputation. The
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affected area will be amputated if the necrosis is substantial or the tissue is infected. Dry gangrene, also
known as ischemic gangrene, arises following decreased or interrupted blood flow unassociated with a
bacterial infection. Patients initially present with a reduction in arterial perfusion—which results in a compensatory dilation of arterioles, leading to endothelial
damage and distal edema.⁴ The endothelial damage
and edema may trigger micro thrombosis, worsening
tissue injury. Dry gangrene typically has a good prognosis because it is slow to develop and spread and
rarely leads to infection.⁵ Autoamputation, which is
the self-detachment of non-viable tissue from viable
tissue, is an acceptable method of treatment for ischemic gangrene because a distinct line of demarcation separating the infected tissue from the healthy tissue is present.⁶ Autoamputation is preferred for poor
surgical candidates and is recommended for smaller,
more distally affected areas.⁷ Pain and increased complications; however, may arise while awaiting autoamputation, thus decreasing the patient’s overall
quality of life.⁷
Failure to diagnose or treat dry gangrene may
lead to the development of wet gangrene. Wet gangrene can spread to adjacent tissues, necessitating a
surgical amputation that may be more proximal than
the original location.⁵ Wet gangrene has the potential
to spread rapidly and is often fatal.⁵ Surgical amputations are more frequently associated with wet gangrene as it has a high mortality rate and an accelerated
rate of expansion to other tissues.⁷
Gas gangrene, caused by bacteria from the Clostridia family, most commonly Clostridium
perfringens, must be addressed immediately as the
bacteria can reach the bloodstream and spread, leading
to sepsis. The bacteria produce exotoxins, which lead
to local tissue injury and systemic infection if the bacteria also enters the circulation.⁴ The alpha toxins produced may lead to systemic hemolysis as well as tissue
necrosis.⁴ Immediate care is therefore needed to prevent disease progression. Because of its association
with bacteria, gas gangrene has a higher prevalence
within the immunocompromised population.
Imaging studies including radiographs, diagnostic
ultrasound, and magnetic resonance imaging (MRI)
are helpful in identifying infection and gas. Plain film
radiographs are the imaging method of choice because
they are relatively accessible and cost effective.⁸ On
radiographs, gas has a feathering appearance within
the soft tissue.⁹ However, MRI is more sensitive in
early detection of soft tissue infection.⁸ T2-weighted
MRIs are useful in the detection of wet gangrene, because the area of concern will display an increased signal intensity.⁸ Gradient-echo MRI has proven to be
most efficient in detecting gas within soft tissue.⁸ Gas
gangrene will present as blooming artifacts on

gradient-echo MRI. Ultrasounds are more commonly
used to detect soft tissue infection and foreign bodies.⁸
Leiblin et al. determined that surgical intervention
and treatment is the most critical aspect of treating gas
gangrene.¹⁰ Although rare, gas gangrene is a surgical
emergency, and 25% of trauma patients with gas gangrene face mortality. The rate of death increases to
100% in individuals who fail to receive adequate treatment within 2 to 4 days of being hospitalized.¹⁰
Quality of Life Resulting from Post-Gangrenous Amputation
A major amputation is defined as any amputation
that occurs proximal to the ankle joint or wrist of the
disfigured extremity.¹¹ The following are all considered major lower extremity amputations: above the
knee (AKA) also referred to as transfemoral, through
the knee (TKA), and below the knee (BKA) also
known as transtibial. Transmetatarsal amputations
(TMAs) are considered minor lower-extremity amputations. If amputation is necessary for patients with
distal gangrene, a TMA is recommended over a transtibial amputation.¹² Despite a slower and lower rate of
healing, a patient who has received a TMA has an increased chance of maintaining stability while walking
independently.¹² A TMA is advantageous because it
eliminates the need for a prosthetic device; however, it
is associated with multiple adverse biomechanical
changes. For example, post TMA, patients present
with a shorter, more deformed foot, which results in
reduced gait velocity and decreased ankle moment.¹²
Data from Amendola et al. suggests that the likelihood
of successful healing of a TMA is approximately 4070%.¹² Amendola et al. also states that complications
associated with a TMA are more likely in individuals
with diabetes mellitus and vascular disease yet, when
comparing TMAs and transtibial amputations, TMAs
are better for diabetic patients because they allow for
more function and prevent the loss of an entire limb.¹³
According to Chaturvedi et al., mortality rates of
lower extremity gangrene-related diabetic amputees
were twice as high as the mortality rates of non-amputees, regardless of race, ethnicity, or geographical location.¹³ A study conducted by Huang et al. shows that
40% of patients with diabetes mellitus with foot gangrene-related amputations have a 5-year survival rate
post-surgery.¹⁴ Huang et al. also reported the following
findings in their study: chances of survival decrease
with a major lower-extremity amputation when compared to a minor lower-extremity amputation, the rate
of successful rehabilitation after a major lower extremity amputation is low, and long-term survival rates are
higher if the patient’s amputation occurs below the ankle.¹⁴ Post-surgical complications have also been reported following major amputations.

Volume 24, Page 100

Limb Salvage
Not only are form and function negatively impacted, but the patient's lifestyle is also affected.
Remes et al. found most patients that undergo a lower
limb amputation are unable to continue living alone
due to loss of function.¹⁵ In this study, 72% of patients
that returned home post-surgical amputation were
given a prosthetic after one year compared to 9% of
individuals living in nursing homes. ¹⁵
Depending on the level of amputation, some patients require the use of a prosthetic device that alters
their gait to retain mobility. Taylor et al. defined multiple preoperative factors that aid in the decision of
whether a prosthetic is needed: age, living status prior
to amputation, patient’s pre-surgical ambulatory status, smoking, a history of end-stage renal disease, and
level of amputation.¹⁶ Data from Taylor et al. reported
that individuals who received a TKA were more likely
to use a prosthetic, 66.7%, followed by a unilateral
BKA at 58.5%, bilateral BKA at 31.1%, and an AKA
presenting with 13.1% of amputees using a prosthetic
device.¹⁶ BKA amputations result in decreased walking speed and increased ankle range of motion (ROM)
of the unaffected limb.¹⁷
Taylor et al. also suggest that a patient’s independence prior to amputation influences the use of
prosthetics.¹⁶ Amputees that lived independently or
were ambulatory prior to amputation reported higher
usage of prosthetics compared to those who were bedbound or previously cared for.¹⁵⁻¹⁶Age was inversely
related to prosthetic use regardless of preoperative status.¹⁵⁻¹⁶ Patients were not given a prosthetic following
amputation if the patient had a short life expectancy, if
the amputation was an AKA and/or bilateral, or if the
patient presented with comorbidities such as paraplegia, dementia, or hemiparesis.¹⁵
CONCLUSION
Gangrene is important in the field of podiatry
as the risk of gangrene increases with occlusive vascular disease nd metabolic syndrome. Prior to amputation, methods such as antibiotic treatment, revascularization surgeries, and other conservative methods
should be employed; however, due to the rapid progression of gangrene from a localized to a more widespread infection, amputation may at times be the only
option. Most often, the course of action is dependent
on the type of gangrene, with wet gangrene leading to
more surgical interventions. After an amputation,
many patients are faced with decreased life expectancy, changes in gait, and increased need for additional medical care such as prosthesis or assisted living. Current literature suggests that the implications of
amputation and limb loss are costly yet sometimes
necessary to preserve life.
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Peroneocalcaneus Internus in Patients with Ankle Pain:
A Literature Review
Faiyaz Mohammad Rahman, B.A., Abdul Sami Ahmed, B.S.,
Ksenja Llazar, B.S., Kenneth Richard Wilhalme Jr., B.A.
ABSTRACT
Introduction: The Peroneocalcaneus internus (PCI) is
an uncommon accessory muscle of the ankle region.
Common pathologies include iatrogenic surgical complications if it is mistakenly identified as an FHL,
leading to erroneous incisions and increasing the risk
of neurovascular injury. The aim of this literature review is to evaluate the role of PCI in patients with ankle pain and determine its significance in predisposition to future pathologies.
Study design: Qualitative Review of Literature
Methods: A literature search was performed using
PubMed. The search was completed using the query
“Peroneocalcaneus internus AND ankle pain,” yielding six articles. After applying the inclusion and exclusion criteria, five articles were selected for review.
Results: The five articles were all case reports describing the effects of PCI in ankle pain. One article focused on MRI and US correlation with the muscle and
individuals experiencing ankle pain. The articles were
reviewed to identify how the presence of the muscle
may contribute to ankle pathologies and to identify
surrounding structures that must be considered prior to
treatment.
Discussion and Conclusion: MRI is the most effective
imaging technique to help determine the muscle’s
presence and level of impingement. However, it is essential to understand its anatomical relationship to the
FHL because motility issues may develop if surgeons
are unaware of the FHL when the PCI is removed.
Keywords: Peroneocalcaneus internus, flexor hallucis
longus, ankle pain, posterior ankle impingement
Level of evidence: Level 4
INTRODUCTION
The Peroneocalcaneus internus (PCI) muscle is an
uncommon accessory muscle found in the ankle region. The PCI is located in the posterior compartment
of the leg and travels to the posteromedial foot.2 The
PCI muscle belly is found deep to the deep aponeurosis and interdigitates with the Flexor Hallucis Longus

(FHL) muscle. PCI does not directly relate to the neurovascular bundle, as it remains lateral to the FHL and
becomes tendinous 2-3 cm above the tibiotalar joint.
Its tendon enters the calcaneal groove and travels with
the FHL under the sustentaculum.2 There are multiple
possible insertions of the PCI, from the medial or inferior sustentaculum tali to the calcaneal tubercle. 2,3,4
The PCI was first described in 1815 by Meckel,
and its anatomy was further expanded upon by Macalister in 1872. Hence the muscle is referred to as
Macalister’s muscle.1,4 In the past, anatomists have
compared the PCI to other phenomena, such as Thane,
who described the PCI as an ulnocarpal slip, or Testut,
who reported that the PCI was a reduced flexor accessory longus. PCI was also described as a homotype of
the flexor carpi radialis brevis in 1873 by Curnow. 4
The PCI is thought to be found in roughly 1% of the
population and is often found bilaterally. 1,3,6 PCI can
commonly be confused with other accessory muscles,
such as the accessory flexor digitorum longus
(AFDL), the fibulocalcaneus medialis, and the false
FHL.4,6 The PCI is innervated by a branch of the tibial
nerve which is related to the pathologies that can develop.4 Common pathologies of the PCI include posterior ankle pain, FHL tenderness, pain upon exertion,
swelling, and tibial nerve impingement.1,3,4,5,6 PCI can
cause surgical complications if it is mistakenly identified as the FHL, leading to erroneous incisions and increasing the risk of neurovascular injury. 2,5 The paper
reviews the role of PCI in patients with ankle pain and
its significance in predisposition to future ankle pathologies.
METHODS
A literature search was performed using PubMed.
The PubMed search was completed using the query
“Peroneocalcaneus internus AND ankle pain,” yielding six articles. Inclusion criteria filtered for articles
with human subjects published in English between
1/01/2000 and 10/21/2021. After applying the inclusion criteria, the search query yielded six articles.
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Exclusion criteria removed articles not discussing peroneocalcaneus internus in the title or abstract and
omitted articles discussing the normal variations of peroneocalcaneus internus in the population. After applying the inclusion and exclusion criteria, five articles

were selected for review.

Figure 1: Articles obtained after inclusion and exclusion criteria applied
RESULTS
Al-Himdani et al. reported a 21-year-old male
with bilateral flat feet who presented with chronic bilateral foot and ankle pain which worsened with physical exertion. He experienced continued left-sided medial hindfoot pain after the surgical release of the gastrocnemius bilaterally. MRI revealed an accessory
muscle belly posterior to the neurovascular bundle,
within the flexor tendon sheath—a PCI. PCI is one of
several accessory muscles that may be found with an
attachment to the medial ankle which is responsible
for posterior ankle impingement and FHL tenosynovitis.
Howe et al. describe the case of a 68-year-old
male with a history of ankle injuries sustained while
playing tennis, who presented with right ankle pain.
An MRI confirmed the presence of a PCI and facilitated differentiation of the fibers of his accessory

muscle and his FHL. The patient was diagnosed with
functional ankle instability and mild degenerative joint
disease. The patient was treated conservatively following activities as needed.3
Lambert et al. reported a 78-year-old Caucasian
female cadaver with a PCI that inserted into the inferior medial calcaneus surface distal to the coronoid
fossa. This is a variation of the classic insertion of PCI
which inserts into the inferior surface of the sustentaculum tali into the medial aspect of the calcaneus. An
MRI identifying the muscle and its fibers about the
FHL will increase the success of a procedure that attempts to relieve posterior ankle impingement or tarsal
tunnel syndrome.4
Phisitkul et al. describe two cases during a posterior hindfoot endoscopy that required the identification
of a PCI to avoid critical injury to the tibial nerves and
vessels. In the first case, a 24-year-old patient
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presented with pain in a twisted left ankle which worsened with full passive ankle plantarflexion. The surgeons needed to shave the FHL laterally to debride the
soft tissue from the os trigonum and resect the structure. During the procedure, the surgeons contacted the
tibial nerve due to an incorrect initial identification of
the FHL. The surgeons redirected their surgical plan to
avoid resecting the tibial nerve by shaving the region
using the posterior aspect of the subtalar joint is a
landmark. Successful resection of the os trigonum and
relief of symptoms for the patient were accomplished.
In the second case, a 19-year-old athlete presented
with chronic posterior left ankle pain and swelling
which worsened with full passive ankle plantarflexion.
The surgical treatment required debridement and release of the posterior ankle retinaculum to relieve the
posterior ankle impingement. A PCI was misidentified
as the FHL. The surgical plan was redirected by performing the dissection more anteriorly where the synovial sheath of the FHL responsible for the pain was
identified. The patient healed uneventfully, without
any symptoms, following surgery.5
Seipel et al. reported a 14-year-old patient who
presented with a 2.5-year history of pulling, aching,
bilateral posterior ankle pain which prevented him
from participating in sports and daily tasks. MRI revealed fluid distension of the FHL tendon sheath with
two distinct tendons traveling along the fibro-osseous
tunnel at the posterior margin of the tibial plafond and
talus—a PCI. There were no interdigitations between
the PCI and the FHL in its origin. Treatment required
excision of the PCI to release the FHL sheath. Despite
minimal postoperative discomfort, the patient returned
to playing sports without pain.6
DISCUSSION
The ankle anatomy may include accessory muscles. Although typically asymptomatic, these muscle
bellies may be the source of a related ankle pathology.
Identification and classification of these accessory
muscles may be critical in developing an appropriate
treatment plan. PCI is an accessory muscle identified
in the posteromedial aspect of the ankle. The PCI may
be responsible for ankle pain, especially with passive
full plantarflexion.1 In some patients with bilateral PCI
and posterior ankle impingement, there is marked fluid
distension of the FHL sheath above its fibro-osseous
tunnel with synovial debris.4 The ability to distinguish
PCI from the FHL may be critical to the prevention of
neurovascular injury.5
Al-Himdani et al. highlight the importance of anatomical identifiers (i.e., insertion and origin sites),
within or outside of the tarsal tunnel, and the location
with respect to the neurovascular bundle to determine
the identity of a PCI muscle compared to other accessory muscles. This data should be assessed in

conjunction with MRI, gender, and whether the accessory muscle presents unilaterally or bilaterally. The
PCI does not present with a specific gender predilection. However, the PCI does tend to present more often bilaterally. MRI is an ideal tool to identify a PCI
because it identifies the muscle in an aberrant anatomical location and more isointense, especially in the absence of other pathologies. The PCI may contribute to
ankle pain due to its close position to the FHL. As PCI
passes through the tarsal tunnel, it may displace the
FHL anteriorly, causing pressure on the neurovascular
bundle. The primary treatment for a symptomatic PCI
is excision, debulking, tendon release or fasciotomy to
relieve ankle pain and any pathologies secondary to
tarsal tunnel syndrome or posterior ankle impingement.1
Due to its proximity to the FDAL muscle fibers in
the medial ankle, PCI is often confused with this accessory muscle. However, the FDAL is more associated with the posterior tibial neurovascular bundle
which subjects it to more nerve impingement. The PCI
is also interposed by the FHL which prevents contact
with the neurovascular bundle. There may also be a fat
plane between the FDAL and quadratus plantae or
flexor digitorum longus which is absent in the PCI. 2
Howe et al. emphasize the advantages of using
MRI as opposed to other modalities in the imaging of
accessory muscles. The deep pathway of the muscle fibers of the PCI makes it difficult to isolate this accessory muscle using ultrasound alone. MRI outlines the
origin of the PCI from the medial aspect of the lower
third of the fibular diaphysis, isolating the PCI position as posterior and lateral to the FHL and identifying
the insertion on the calcaneal tubercle after passing beneath the sustentaculum tali. Howe et al. suggest that
MRI imaging is powerful in the differentiation of the
FHL and the FADL from the PCI. This helps in determining if the patient is suffering more from tarsal tunnel syndrome or posterior ankle impingement. 3
Posterior hindfoot endoscopy is important in the
treatment of a symptomatic PCI causing posterior ankle impingement. Phisitkul et al. emphasize factors to
improve the safety and effectiveness of this procedure.
These factors include the identification of anatomical
variation before surgery, alignment of the patient in
prone with the foot in the vertical plane, portal establishment techniques, identification of the subtalar joint
as a primary landmark, identification of FHL, and using the muscle to protect the neurovascular bundle.
Phisitkul et al. recommend using a shaver to reveal the
posterolateral aspect of the posterior subtalar joint
through a small capsulectomy. The presence of a PCI
may lead to a resection of the neurovascular vessels
which can create mobility issues in the patient.5
The PCI may also share common features with
other accessory. For example, even though the
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accessory soleus and the PCI both share attachments
to the posterior medial calcaneal cortex, the PCI muscle belly is deep to the deep aponeurosis. The PCI may
be misidentified due to variations in the normal muscle rather than the presence of an accessory muscle.
An example of this is an FHL muscle belly that has
two tendinous slips with one of them being confused
as a PCI. This may lead to the inability to use FHL as
a landmark in procedures, and the potential resection
of the neurovascular bundle. Furthermore, the shared
origin of the FHL with the interdigitating fibers of the
PCI may also contribute to the misidentification of a
PCI because the surgeon may be unable to distinguish
the fibers from two separate muscle bellies.2
Lambert et al. contend that the insertion of the
PCI is subject to anatomical variation. The muscle
may insert into the sustentaculum tali of the calcaneus
or onto a small tubercle on the medial surface of the
calcaneus, distal to the sustentaculum tali. Lambert et
al. also report the PCI may transverse inferomedially
in the distal leg which may displace the FHL muscle
belly anteriorly and medially leading to impingement
of the neurovascular bundle and causing tarsal tunnel
syndrome. These variations are important in providing
another layer of scrutiny for MRI of PCI-related ankle
pathologies.
In contrast to previous literature attributing PCIrelated ankle pain to both tarsal tunnel syndrome and
posterior ankle impingement, Seipel et al. present a
case of a 14-year-old patient with PCI whose symptoms of ankle pain were more consistent with posterior
ankle impingement than a tarsal tunnel syndrome. He
did not experience the typical symptoms associated
with tarsal tunnel syndrome. The patient did not have
FHL tendinitis or pain of movement with the great toe.
The etiology was more associated with a space-occupying lesion within the tarsal tunnel for other accessory muscles such as FDAL and tibiocalcaneus internus compared to the PCI. In addition to the effects of a
symptomatic PCI, posterior ankle impingement may
also be caused by os trigonum, enlarged posterior process of the calcaneus, hypertrophic capsule, calcified
inflammatory tissue, gouty os trigonum, soft-tissue
impingement, and posterior intermalleolar ligament.
MRI is critical to isolate the structures involved in
both tarsal tunnel syndrome and posterior ankle impingement because it enables the surgeon to see if the
pathology was induced by a variation in bone structure, tendon slips, or the presence of an accessory
muscle such as the PCI.6

CONCLUSION
The PCI is a rare and typically asymptomatic accessory muscle that may present with chronic ankle
pain. The use of MRI and identification of structures
are instrumental to the success of many different procedures. Conservative management is often not
enough in a patient suffering from a symptomatic PCI
and may require surgical intervention. The FHL must
be distinguished from the PCI to avoid the resection of
critical neurovascular bundles. This may be accomplished by tracing the insertion of the FHL and the
suspected PCI to determine the course of action most
effective to manage the posterior ankle impingement.
Further research should attempt to identify the anatomic variations of the PCI and how that may influence the role it may have on ankle pathologies such as
posterior ankle impingement and tarsal tunnel syndrome. The limitations of this literature review included a low incidence of the PCI muscle present in
the population and the cases presented in the literature
were primarily case reports. The studies referenced in
the literature were also limited to the last 20 years.
There should also be future investigation on the effects
of misidentifying a PCI as an FHL.. The overall understanding of the PCI muscle and its role in ankle
pain is still very limited.
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Ainhum (Dactylolysis Spontanea): A Literature Review
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ABSTRACT
Ainhum (dactylolysis spontanea), a rare disease
mostly affecting the fifth toe, is characterized by the
presence of constricting fibrous bands that wrap
around thedigit,leading to autoamputation if left untreated. Ainhum is most prevalent in African, North
American, South American, Central American, and Indian males; yet the incidence is exceedingly low in African countries at 0.015%. Ainhum is idiopathic and
mainly a clinical diagnosis of exclusion from pseudoainhum, which has an identifiable cause for the fibrous
constriction of the digit. This literature review documents the history, epidemiology, and histologic and
radiographic findings of ainhum. Sources were gathered by searching for “ainhum disease” in Google
Scholar and range from the initial discovery of the
condition in 1867 to 2021. A total of 13 sources were
used. The clinical findings of ainhum include soft tissue constriction of a digit, bulbous enlargement distal
to the constriction, and thinning or lysis of phalangeal
bones distal to the constriction. A thorough history and
clinical exam might enable physicians to intervene at
the earliest presentations of this rare disease. If the
clinical exam is unable to identify ainhum, radiography is useful in determining the degree of disease
progression and assists in developing a treatment plan.
We conclude this review with suggestions for further
research of this rare disease, primarily concerning the
effectiveness of various surgical interventions in the
early stages of the disease process.
BACKGROUND
The first reported cases of ainhum date back to
the early 1860’s in the Nagos tribe of Brazil. The disease was first described in detail in 1867 by Dr. JF da
Silva Lima, with his description, “the toe had taken the
shape of a small oval potato: the covering skin had become coarse and scabrous, and very tender to touch.
The toe itself was diverted from its position, could be
rotated without much pain, but not flexed or

extended”.3 In subsequent decades, cases reported in
India and Eastern Bengal provided more detailed clinical and histological descriptions. The term ainhum is
believed to originate from an African word meaning
“to saw.” 3 The most common toe affected is the 5th
digit, followed by the 4th and 3rd digits. 2 Fissures are
mostly localized to the proximal phalanx. Bilateral involvement has been well-documented, and the digits
often present at different stages of progression. Already a rare disease, ainhum is exceedingly rare in the
fingers.4
METHODS
Databases used for the literature search include
the Journal of Foot and Ankle Surgery, Journal of
Bone and Joint Surgery, and Google Scholar. Keywords used include ainhum disease, pseudoainhum,
autoamputation of digit, dactylolysis spontanea. The
search was conducted in October 2021. Due to limited
ainhum disease publications, we expanded the search
to include original research,articles presenting novel
information, and articles describing established or
novel treatment options. Sources ranged from years
1965-2021, with original research from 1886. Low
level duplicative studies and case reports that did not
present information not previously described in the literature were excluded.
DISCUSSION
Epidemiology
Reported incidence ranges from 0.015% to 2% of
the population.2 A radiographic survey of 6,000 African American patients in the Chicago area from 1977
to 1983 found an incidence of 1.7%.5 The disease has
a high predilection for males with darker skin with
cases reported in Africa, India, North America, Central America, and South America. It is presumed that
this is due to the fibrogenic tendency of these individuals.5
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Histology
Histologically, ainhum and pseudoainhum have
indistinguishable findings,furthering the need for clinical and historical correlation. Histologic findings include epidermal hypertrophy, furrow formation, and
chronic dermal and subdermal inflammation with hyperplasia of fibrous tissue.6

Clinical Presentation
Clinical features vary depending on the stage of
the disease. Ainhum is a slow progressive disease that
takes months to years to fully manifest.2,7 However,
the main feature is a circumscribed fibrotic ring at the
level of the phalanx of the toes, with less predisposition to the fingers. The 5th toe is most affected and bilateral involvement may be seen. Clinical findings are
very similar to radiographic findings, which consist of
soft tissue constriction, bulbous distal enlargement,
and distal thinning or lysis of phalangeal bones with
potential for exposed bone, depending on the depth of
the fissure.2 Patients may complain of pain in the fissure. Epicritic and protective thresholds are usually intact in early disease stages. Vascular status remains intact to unaffected areas of the foot. However, the capillary refill time to the affected toe will be greater
than 5 seconds in most cases.13

Radiographic Evaluation
Radiographic evidence shows development of a
circumferential fissure within soft tissue that ultimately resembles a deep sulcus. Later in the disease’s
progression, the portion distal to the band becomes
bulbous or globular. This is secondary to reduced
lymph and venous drainage with arterial stenosis,
which results in an increased volume distal to the
band.2
The affected bones take on an “hourglass” shape
with medial and lateral cortical margin thinning. As
the disease progresses, the bone progressively thins
until autoamputation occurs.2,7
Table 1. Classification of Ainhum
Stage I
Small area of hyperkeratotic tissue resembling a
Clinical Findcallus emerges; later
ings
forming a groove or fissure.²,⁹ Scar tissue formation begins.¹⁰ ,¹¹

Radiographic
Findings

None

Stage II

Stage III

Stage IV

Fissure deepens
and begins to take
on an ulcer-like
appearance.⁹

Patient-reported
pain and tenderness
on palpation commonly presents.

Spontaneous and
bloodless autoamputation

Soft tissue edema
and constriction
may be visible.

Phalangeal bones
take on an “hourglass” shape with
medial and lateral
cortical margin
thinning. Portion
distal to fibrotc
band becomes
bulbous or globular.²

Progressive thinning
and lysis of phalangeal bones occurs
prior to autoamputation.² ,⁷

Diagnosis
Ainhum is an idiopathic disease, and diagnosis is made through correlation of clinical and historical findings. While it is difficult to pinpoint an exact
cause of this disease, previous reports suggest that lack
of footwear could be a potential cause. There is a
higher tendency for individuals to walk barefoot in the
regions with the highest incidence of ainhum. Most affected individuals share a common period of extensive
shoelessness for some years prior to the onset of the
disease. If an etiology is determined, then a diagnosis
of pseudoainhum should be made instead of ainhum.
Identifiable causes for pseudoainhum are congenital

diseases such as Vohnwinkel syndrome (hereditarium
mutilans), Streeter’s dysplasia, and Hansen’s disease.
Secondary causes are diseases such as amniotic band
syndrome, diabetes mellitus, psoriasis, neuropathic
plica, porokeratosis of Mibelli, Raynaud’s disease,
scleroderma, systemic sclerosis, leprosy, tertiary syphilis, yaws, syringomyelia, spinal cord tumors, and/or
trauma.2,8
Obtaining a thorough patient history is important for diagnosing ainhum in the clinical setting.
Histologic and radiographic evaluations are not required for diagnosis; however, they can be useful to
exclude other diseases, determine the level of disease
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progression, and possibly aid in treatment. After excluding identifiable causes for the fibrous constriction,
a diagnosis of ainhum should be made and treatment
should begin. The classification of ainhum closely
mirrors the radiographic findings. The disease is divided into four stages as presented in the chart below.
Treatment
No established treatment for ainhum exists. Few
reports suggest treatment of early-stage lesions with
topical or intralesional steroids,12 salicylates, and/or
retinoids. Other studies suggest that in the early stages
of the disease (stages I & II), the constricting rings of
fibrous tissue may be treated similarly to scars and
contractures via resection of fibrous tissue and Zplasty.2,12 For stages III and IV, waiting for autoamputation or surgical amputation are the common treatment options.2 Due to the complaint of pain, surgeons
may opt for early surgical amputation rather than waiting for the digit to auto amputate. Surgery also provides the added benefit of additional fibrous tissue resection, should it be present. Pain management, wound
care, and waiting for autoamputation can be considered conservatively.13
CONCLUSION
Ainhum is a rare disease resulting in fibrous tissue
constriction of the digits, most commonly to the 5th
toe. This is a rare condition affecting mainly darkskinned males who are native to tropical climates
which include, but are not limited to Africa, North
America, South America, Central America, and India.
Even though amputation is the current treatment for
later disease stages, conservative treatment measures
should be further explored to assist in treatment of
early stages of ainhum. Reports suggest a variety of
treatment approaches, but attention should be directed
at finding a reliable and viable treatment option for
early-staged ainhum. One report to date mentions the
success of z-plasty; thus, additional research detailing
the nature of the procedure, intraoperative findings,
and techniques resulting in satisfactory outcomes is
warranted. Even though incidence of ainhum is quite
rare, it is helpful for the clinician to be aware of this
disease along with its presentation and treatment in an
effort to provide patients with the best care.
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