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A Note from the Editors

“While writing your research paper, don’t forget that you are crafting a small piece of
history. Your work, no matter how humble or grand, contributes to the legacy of human
understanding.”

-Carl Sagan

Podiatry is a unique field that is fortunate to benefit from the dedicated and skilled contributions
of both women and men in the realm of podiatric research. The Podiatric Medical Review (PMR)
has a long-standing history of consistently producing top-notch publications based on
evidence-based medicine over the years. It is with a great sense of pride and honor that we bring
you Volume 31 of our journal.

We wish to express our utmost gratitude, with sincere modesty, to the senior editors, junior
editors, peer reviewers, and the faculty members of the New York College of Podiatric Medicine
for their commendable dedication to this journal. Without your contributions to Volume 31, the
progress of podiatric research would not have been possible, and this progress is essential for the
well-being of our future patients. Our aspiration is to inspire all our readers to recognize the
critical role of podiatric research in shaping the podiatric clinicians they aspire to become.
Engaging in podiatric research is integral to staying current in understanding effective diagnoses
and treatment outcomes for all our patients. The ultimate objective should be to enhance the
health of our patients, as well as that of all podiatric medical students, residents, and attending
podiatrists as we all advance in our noble careers.

With a tremendous amount of enthusiasm, we are delighted to present to you the forthcoming
edition of the Podiatric Medical Review, Volume 31 edition.

Faiyaz Rahman Kunali Patel




Congratulatory Note from our Faculty Advisor
Dear Readers of the NYCPM Podiatric Medical Review,

It is with great pleasure that I take this opportunity to congratulate and
recognize all who contributed to the 2023 NYCPM Podiatric Medical
Review. In addition, with the guidance and leadership from our Editor-in-
Chief Faiyaz Rahman, and Co-Editor-in-Chief Kunali Patel, along with
their editorial staff, and all those who contributed articles to the Review,
including their clinical faculty reviewers...Thank you!

This publication is a tribute to the dedication and hard work of all who
were involved in its preparation. The journal offers student written
literature reviews, case reports, and original research...

In addition, the goal of publication is to steer students towards research and to get them
comfortable with analyzing medical and scientific works. This enhances the education at
NYCPM and helps to create well- rounded clinicians in the near future.

The Volume 31 NYCPM Peer Medical Review will reach a large audience. It will be distributed
to many Podiatric Residency Programs and to other schools of Podiatric Medicine. The Review is
a testament to the kind of outstanding work our students are capable of, and we are so pleased to
see them all very accomplished.

Again, warmest congratulations on your achievements and to all who have been involved in
making this publication a tremendous success.

Fraternally submitted,

Anthony R. Torio DPM, MPH
Faculty Advisor NYCPM PMR



A Systematic Review of the Risk Factors and Current Measures to Prevent Foot Blisters in
Military Personnel

Julia Reczek, BS
ABSTRACT

Introduction

It is commonplace for members of the armed forces to perform physically demanding marches at
some point in their career. Friction blisters developed during these marches may seem
inconsequential but can lead to debilitating pain or further disease if not treated properly. The
purpose of this paper is to evaluate the current methods for reducing incidence of foot blisters
and investigate the risk factors for developing blisters in a military environment.

Study Design
Systematic review of literature

Methods

A PubMed MeSH terms search with the query “(military personnel) AND (blister) AND
(injury)” yielded a result of 14 articles. The inclusion criteria for selection were articles written
in English and utilizing human subjects. Exclusion criteria were papers which focused on
warfare blistering agents, blistering diseases, or those that investigated treatment of blisters and
not their development. These criteria designated 10 articles to be reviewed.

Results

Each paper investigating the effectiveness of different sock materials determined that utilizing a
sock made from synthetic fibers significantly reduced the incidence of blisters. The most
effective type of synthetic material was not conclusively identified, with socks made from
polyester, polypropylene, or BLEND (50% Merino wool, 33% polypropylene and 17%
polyamide) all proving to reduce blisters compared to standard wool socks. The major risk
factors for developing foot blisters were white ethnicity, female sex, using tobacco, pes planus,
and younger age.

Conclusion

Synthetic sock fabrics have been shown to effectively decrease the number of blisters developed
on marches. Other preventative measures such as antiperspirants are not recommended due to
frequent skin irritation. Additional research should be done to ascertain the sock fabric which
would put soldiers at lowest risk for forming foot blisters.

Keywords: Military personnel, blisters, socks, injury

Level of Evidence: Level 4



INTRODUCTION

Friction blisters are a skin pathology which
are commonly experienced by people from
all walks of life but are especially relevant
and concerning among athletes. From
runners to ballerinas, enduring a blister on a
weight bearing surface can inhibit the level
of performance and even lead to further
injury or infection. A specific population in
which foot blisters can be especially
debilitating is among military personnel'.
The unique working conditions and physical
demand put upon soldiers makes them an
important demographic to assess for the
innovation of new injury prevention
measures, which is the aim of this paper.

Blisters are a type of painful skin pathology
which can arise from many sources.
However, those_from marching are caused
by friction. Shearing forces acting upon the
skin, such as a boot or sock moving against
the sole of the foot, can cause separation of
the epidermis into layers. This separation
often occurs near the mid-Malpighian layer
(stratum  basal and spinous layers
combined), leaving an overlying blister
made of the stratum granulosum, spinosum
and corneum.”?® The newly formed space
between the separated skin has a lower
pressure  than its  surroundings, so
hydrostatic force creates an accumulation of
transudate, exudate or blood here.”? While
this blister is currently sterile, continued
frictional forces can cause a break in the top
layers and the release of any fluid inside.
The now open wound is at risk for
infiltration by bacteria or any other foreign
substances, which in a larger blister could
cause serious consequences, such as sepsis
or ulceration if not treated properly.?

Soldiers are often tasked with marching long
distances while wearing ill-fitting boots and
carrying heavy loads, which can promote the

formation of numerous foot pathologies,
including blisters. Moreover, the
development of new weapons and armor
technology over the years has caused
soldiers to increase the weight of the loads
they carry. Recently during the war in
Afghanistan, soldiers carried up to 127
pounds of weight at once. This may not only
increase the force applied to the feet, but
also potentially affect the way the soldier
walks, leading to more pathology.!

The negative effects of foot blisters on
military personnel have been studied
extensively, yet their development is still
very common today. According to Brennan
et al.,, a 1972 study stated that 10% of the
admissions to Walson Army Community
Hospital in New Jersey had a primary
complaint of lower extremity skin lesions.
Of this 10%, over half were noted to be
friction blisters, thus indicating the presence
of blisters severe enough to seek medical
attention.> A different study reported that,
after completing a 161-kilometer march over
five days, 21% of the soldiers from Fort
Liggett, California sought medical treatment
for friction blisters.> This value is even more
significant when studied from a monetary
perspective. Brennan et al. continued to
report a study which stated that blisters were
seen among 5.4% of the US Marine Corps
recruit training program members, which
effectively cost the organization nearly
$700,000 due to the injured recruits
performing only light duty for several days
while recovering.’

Clearly, foot blisters are a very common
medical problem among active members of
the military and should not be discounted as
an inconsequential injury. Further work still
needs to be done to advance current
technologies to prevent the formation of foot
blisters amidst the high physical burdens put
upon soldiers today.* The common



modalities used today to reduce foot blister
incidence are fitting boots properly,
performing physical training in preparation
for marches, using topical antiperspirants,
and providing socks that function to reduce
moisture and friction against the skin.’
Throughout this paper, these methods will
be assessed to determine which, if any,
should be considered most effective in
preventing foot blister formation, and the
direction of any necessary further research
in this field will be indicated.

METHODS

A MeSH terms search in PubMed with the
query “(military personnel) AND (blister)
AND (injury)” yielded a result of 14 articles.
The inclusion criteria for article selection
involved human subjects and studies
published in English. Of these articles, three
were excluded based on exclusion criteria
outlined in Figure 1. Finally, this yielded 10
articles included in this literature review.

v

Figure 1: PubMed Article Search with inclusion and exclusion criteria

RESULTS

In his paper, “Injuries and Prevention
During Foot Marching”, Knapik analyzed
the results of two studies focused on the
incidence of injuries during road marches.!
The first study was conducted following a
20-km march where 335 soldiers carried a
load of 101 pounds, and in the second study
218 soldiers carried a 104-pound load for
the duration of a 161-km march which took
place over the course of five days. The total

incidence of foot blisters in the first study
was 35%. This made foot blisters the most
common injury incurred from this march.
Back pain was the second most prevalent
injury, at 23%, followed by metatarsalgia at
12%." In the second study, 50% of the
soldiers experienced foot blisters, with three
soldiers discontinuing their march before
completion due to this injury. The second
most prevalent injury was metatarsalgia at



17%, followed by knee pain at 7%. Knapik
continued by giving recommendations to
prevent the development of the most
common injuries from each study. When
discussing foot blisters, he stated that
because  blisters develop from the
combination of moisture on the skin and
applied friction, if these conditions were
reduced, blister formation should be
avoided. Possible measures to reduce
friction and moisture included fitting issued
boots properly, conditioning the feet for
marches through athletic training, using
socks made of a material that wicks away
moisture, or applying antiperspirant to the
feet.!

In another article by Knapik, entitled
“Prevention of Foot Blisters”, there was a
more detailed explanation of methods to
reduce the formation of blisters. Knapik
stated that “blisters occur most often in feet
that have not been properly conditioned”.®
As the skin builds tolerance to frictional
forces, it grows thicker with stronger
adhesion between layers and renewal of the
outermost layer of skin more frequently. The
two other measures examined to prevent
blisters were sock  choice and
antiperspirants. Regarding socks, Knapik
discussed a study done by the Marine Corps,
where the effectiveness of three different
sock systems at preventing blisters was
examined. The first sock was a standard
issue sock made of a mixture of wool,
cotton, nylon, and spandex. The second sock
was the same standard issue material but had
a liner worn underneath made of polyester;
the intention being to increase the wicking
moisture away from the skin. The third sock
was made of a mixture of wool and
polypropylene material, and also used the
liner introduced in the second sock system.
Blisters were later seen in 24% of soldiers
wearing sock system one, 11% of soldiers in
system two, and 9% in system three.> The

author states that the function of the liner
was likely to reduce frictional forces on the
skin, while the fabric blend used in the third
system dispersed moisture from the skin
surface.’

When discussing the use of antiperspirants,
this same study by Knapik detailed a study
done at the West Point military academy
while cadets prepared for a 21-km road
march where they would be also carrying a
load of 72 pounds.® There were two groups
in the study, with the first group applying an
antiperspirant containing 20% aluminum
chloride hexahydrate to their feet, while the
second group received a placebo. After the
march, 21% of the test group experienced
blisters compared to 48% of the placebo
group. While this was a significant result,
the test group also had the undesirable side
effect of skin irritation in 57% of their
group, while the placebo group had 6%
chance of skin irritation.’ It was determined
that while the antiperspirant was successful
in reducing blisters, the skin irritation from
the aluminum chloride makes it less
advantageous than other potential measures.’

A study done by Van Tiggelen et al.
highlighted specifically the effect sock
choice could have on the formation of foot
blisters. In this prospective case control
study, six platoons (189 officer cadets) of
the Belgian Royal Military Academy were
separated into three groups and given
different sock systems to wear.? The first
group wore padded polyester socks made of
a blend of 88% polyester, 11% polyamide,
and 1% elastane material. Group two was
given two pairs of socks to wear
simultaneously. The inner sock was
composed of a thinner material made from
45% polyester, 45% viscose, 8% polyamide
and 2% elastase material. The thicker outer
sock was made from a blend of 40% cotton,



40% wool, 18% polyamide and 2% elastane.
The final group was the control, who were
given standard army socks made of a 70%
wool and 30% polyamide blend. 2 The socks
were worn throughout a six-week long
training program, and all participants
experienced the same schedule, activities,
and environment. When comparing the
efficacy of different sock systems, it was
found that the cadets who wore the first sock
type, padded  polyester, developed
significantly less blisters than those in the
double layer socks (p=0.007) and the control
group (p<0.001). 2 When comparing the
double layer to the control group, no
significant change in blister formation was
found. An assessment of risk factors among
the cadets was also incorporated into this
study in the form of a questionnaire. Cadets
selected which risk factors applied to them,
such as smoking, alcohol, recent lower
extremity injuries, use of topical anti-blister
treatments like antiperspirants, and prior
military or athletic experiences. The only
significant risk factor (p<0.001) was race,
where Caucasians were at a much higher
risk compared to those with an African
background. The author noted other
associations between Dblisters and pes
planus/pes cavus foot types, and a slight
correlation between female soldiers and
increased blister incidence. 2

In their retrospective cross-sectional study,
Brennan et al. focused on highlighting risk
factors and preventative qualities for foot
blister development among soldiers who
visited the 28" Combat Support Hospital in
Baghdad, Iraq. * Soldiers receiving medical
care in this hospital were asked to fill out a
questionnaire concerning their activity level
in the military and free time, if their boots
had been broken in, their tobacco use, any
blister history or measures used to prevent
blisters. In total 872 of these questionnaires
were completed and analyzed. Since the

start of their time in Baghdad, 33% of the
soldiers reported foot blisters and 11% of
them received medical care for these
wounds. The risk factors noted to increase
the likelihood of developing blisters were
being female, ages 26-34, not having boots
broken in, and history of blisters on past
deployments. Tobacco use and
athletic/running activities did not show
significant risk for blister development or
avoidance.?

A different experimental study focusing on
sock type was conducted by Bogerd et al.,
where 12 male military recruits wore
specific socks while being asked to walk on
a treadmill. Each participant carried a load
of 21kg, consisting of their clothing and
equipment. ® The first sock was made of a
99.6% polypropylene and 0.4% elastane.
The second sock, called BLEND, was
composed of 50% Merino wool, 33%
polypropylene and 17% polyamide. Some
participants were instructed to wear the
polypropylene sock on their left and
BLEND on their right, while others were
told to do the opposite. Skin temperature
sensors were applied to each soldier’s boots
at five locations: near the medial cuneiform,
distal to the phalanges, distal edge of the
lateral malleolus, the dorsum of the third
metatarsal and the distal anterior tibia. ©
After analyzing the temperature sensors,
there was a significant difference in
temperature at the dorsum of the third
metatarsal and distal anterior tibia locations
among the two sock types. The BLEND
material showed higher temperature for the
former, while the polypropylene sock had
higher temperatures for the latter. The other
three locations did not show any significant
temperature differences. ® Skin moisture data
showed that the polypropylene socks
absorbed less moisture than the BLEND
socks (p<0.01), however the boots worn by
soldiers were able to absorb more moisture
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when worn with the polypropylene sock.
Overall, these moisture differences led the
authors to conclude there was no clinical
difference in moisture absorption between
the socks tested. ¢ In a second paper by
Bogerd, the same two sock materials were
retested in a cohort of approximately 37
recruits, this time focusing on variations in
moisture,  temperature, and  comfort
perception. 7 Participants rated the BLEND
sock to be more comfortable due to
decreased temperature, dampness, and
friction. Skin hydration was measured at
three locations: plantar distal phalanx of the
hallux, posterior calcaneus, and dorsal
surface of the third metatarsal. The first
location showed no difference in hydration
between sock types, while the second two
were both drier with the BLEND sock. ’
BLEND socks also absorbed 2.9+1.3 times
more moisture than the polypropylene sock.
This led the authors to recommend usage of
the BLEND sock material in military
settings. ’

In a paper by Bush et al., a prospective study
was performed to exemplify the prevalence,
physical effects, and monetary cost of foot
blisters among US Marine Corps recruits.
There were 2,130 participants in this study,
with the mean age being 18.4 years old.®
These soldiers completed an 11-week course
where they underwent intensive physical
training for up to 20 hours each day. During
training, 116 recruits received medical
treatment for blisters, which were noted as
the most frequent soft tissue injury and
made up 10.7% of all diagnoses. Recruits
being treated for a blister were likely to have
other foot and ankle injuries as well.®
Overall, blisters among these Marine Corp
Recruits led to a total of 103 days of
assigned light duty, 177 lost days of training,
and 159 clinic visits. For this training
program, it was estimated that blisters cost
approximately $29,529. # Bush et al. stated

that increasing educational measures about
foot health could reduce the incidence of
blisters. They also recommended breaking in
boots properly before training and wearing
100% acrylic socks to reduce moisture on
the skin surface. Finally, the authors noted
an association between foot blisters and the
development of subsequent severe injuries
to the lower extremity. This may be the
result of compensatory modifications to
normal biomechanics when dealing with a
painful blister. Therefore, Bush et al.
emphasized the comprehensive significance
of reducing blister incidence from a health
and monetary perspective. 8

Reynolds et al. performed a study on 218
soldiers while completing a 161-km march
with a load of approximately 47kg.” Out of
the 98 total injuries, 48% were from foot
blisters which resulted in 10 total light duty
days assigned subsequently. Soldiers also
completed questionnaires before the march
about their tobacco history as well as
information about the footwear they would
be using. Demographic data showed that
white soldiers, soldiers younger than 24
years old, those who smoked cigarettes, and
those with a lower body mass (<70.6kg)
developed blisters more commonly.” There
were no significant differences noted among
different sock blends (standard issue wool
versus cotton blend) or boot model.’

Birrell et al. conducted an experimental
study to determine the types of injuries and
level of discomfort experienced by soldiers
during a two-hour treadmill march.* The
participants each carried a load of 20-kg and
were either interviewed about their
experience (8 soldiers) or filled out a
questionnaire (10 soldiers). 63% of the
soldiers interviewed and 60% of those who
completed a  questionnaire  reported
development of foot blisters after the
march.* The majority of the soldiers who
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experienced blisters also reported that their
boots felt adequately broken in, which led
the authors to conclude that blister formation
is dependent on other factors such as the
load carried, stride length, distance marched,
and speed.*

In a 1999 study by Knapik et al., the risk
factors leading to foot blisters were assessed
among 339 students beginning basic training
at the US Military Academy.! The
participants all filled out a questionnaire
with demographic questions as well as those
about  foot  type, prior illnesses,
tobacco/alcohol usage, and previous military
history. The cadettes then performed a
21-km road march while carrying a load of
approximately 33kg. After the march,
researchers determined that 44% of the
participants developed new blisters while
marching.!” When investigating risk factors,
it was found that being of black ethnicity
reduced the risk of forming foot blisters
compared to those of white (»p=0.02), Asian
(p=0.02), and Hispanic (p=0.08) ethnicities.
When comparing individuals with pes
planus to those with normal feet, the former
had a higher incidence of blisters (p=0.05).!°
It was also found that individuals using
smokeless tobacco products daily, those with
no prior military experience, and those who
experienced an illness in the past 12 months
were at a higher risk of developing foot
blisters.!°

DISCUSSION

Foot blisters are a very common and often
debilitating injury that have unfortunately
become commonplace in military settings.®
The distance which soldiers are required to
march, as well as heavy loads of clothing
and equipment put high levels of strain on
the feet, which ultimately leads to friction
blister formation.* There are several risk
factors that have been identified as putting

soldiers at a higher risk of forming blisters,
which is information both healthcare
providers and military personnel should be
aware of. In their assessment of risk factors,
Van Tiggelen et al. found that race was a
significant risk factor for blisters.?
Caucasians had a much higher risk of
developing blisters, compared to individuals
with an  African background. This
information is supported by the work of
Reynolds et al. and Knapik et al. in their
respective studies.”!? Soldiers of a younger
age were also found to be more likely to
experience foot blisters.>? Foot
biomechanics and the locations where the
foot interacts with the ground can have a
great effect on the integrity of the foot’s
skin. This was exemplified in two studies
where individuals with pes planus were
found to be at a greater risk for blisters than
those with normal feet.>! While Van
Tiggelen et al. or Brennan et al. did not find
a significant correlation between
smoking/alcohol use and the likelihood for
developing foot blisters, two other sources
stated that tobacco products should be
considered a risk factor.>**!® Two studies
reported that females were at greater chance
for developing blisters than males, and
several reported the importance of having

well fitting, broken in boots to march
in'1,2,3,4,8

All soldiers, especially those determined to
be at higher risk, should be aware of
effective methods to prevent the formation
of foot blisters. One such measure that can
reduce blister incidence is choosing socks
that reduce moisture and temperature on the
skin surface.!®> The 2014 study performed by
Knapik proposed that a sock system made of
a mixture of wool and polypropylene
material plus a polyester liner reduced
blister formation by 15% compared to a
standard issue wool blend sock.” In Van
Tiggelen’s sock study, they found that a
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padded sock made of a blend of 88%
polyester, 11% polyamide, and 1% elastane
material was significantly more effective at
preventing blisters compared to a double
layer and standard issue sock.? While
Bogerd et al. completed two studies focused
on sock material, only one showed a
significant ~ difference  between  the
effectiveness of socks tested. There was no
control utilized in these experiments, such as
a standard issue sock, so any changes in
temperature and skin moisture were only
compared between the BLEND (50%
Merino wool and 33% polypropylene and
17%  polyamide) and the  99.6%
polypropylene and 0.4% elastane sock.® In
their second study, Bogerd et al. found that
BLEND socks absorbed approximately three
times as much moisture than the
polypropylene sock, which led to their
recommendation that BLEND material
should be used in the military.” Bush et al.
advised for the use of 100% acrylic socks
due to their moisture wicking ability, but did
not perform trials on this material’s
effectiveness.® While there is no overall
consensus as to which sock material is
superior for reducing blister incidence, each
paper proposed a new synthetic blend
instead of the standard issue sock, which is
made of mostly natural fibers.!2>67
Synthetic materials distribute moisture and
heat more evenly to help promote
evaporation and create an more comfortable
environment within the shoe.®’ In order to
determine which of these sock materials is
most  effective at  preventing  the
development of blisters, further comparison
studies should be performed.

While several papers mentioned the use of
antiperspirants to reduce friction blisters,
one study showed a detrimental side effect
that could negate their purpose for
increasing foot comfort in soldiers.!?>
Knapik  stated that while topical

antiperspirants did lead soldiers to
experience 27% less blisters than those
using a placebo, 57% of individuals in this
test group also experienced skin irritation
from the chemicals.

There are several limitations in this literature
review. First, while the studies focused on
risk factors often had large sample sizes, the
experimental tests on sock types were
performed in limited groups of soldiers.
More studies that include statistical analysis
on the efficacy of sock material at reducing
blister formation should also be performed.

CONCLUSION

Blisters are a very common injury to the feet
of military personnel around the world yet
are frequently overlooked because they are
often self-limiting. Before partaking in long
distance marches, soldiers should be
informed of the various risk factors for
developing blisters such as white ethnicity,
pes planus, younger age, using tobacco
products, and not breaking in boots.
Additionally, there should be preventative
interventions implemented by military
organizations to keep at-risk individuals
from forming debilitating blisters. While
synthetic blend socks have been shown to
create an environment that makes the foot
more resistant to blister development, it is
not yet clear which material is most
effective in doing so and thus requires
further investigation. The use of topical
antiperspirants has been considered another
effective measure to reduce Dblister
incidence, but the skin irritation associated
with the active ingredients likely invalidates
any benefit they could provide soldiers.
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A Systematic Review of the Efficacy of Pegloticase as a Treatment for Chronic Gout

Surujdevi Singh, BS and Samantha Owens, BS

Abstract
Introduction

Gout is a medical condition defined as an abundance of uric acid that leads to its deposition in
the joints. These deposits, most found in the 1% metatarsal phalangeal joint, lead to inflammation
and pain. If untreated, Gout can cause destruction to the 1% metatarsal phalangeal joint and cause
gait disorder and pain on ambulation. Gout attacks can arise suddenly and commonly occur at
night. The first line of treatment for gout includes nonsteroidal anti-inflammatory drugs and
corticosteroids. Patients that do not respond well to first line treatment methods or patients with
chronic gout may benefit from receiving an intravenous therapy of pegloticase. Pegloticase
works by lowering uric acid levels in the body. The methods of Pegloticase treatment for chronic
gout will be reviewed and assessed utilizing clinical research articles. The effects of co-therapy
with other gout medications, such as Methotrexate, Azathioprine, and Mycophenolate Mofetil
will also be discussed. To analyze the efficacy of Pegloticase as a treatment method, the
frequency of gout flares, changes in serum uric acid levels, adverse effects, withdrawal, and
death will be evaluated.

Study Design: Systematic Literature Review
Methods

Utilizing the PubMed Database, a search was conducted for the phrases “gout” AND
“pegloticase.” The primary search query produced 183 articles. The Inclusion Criteria required
that the research articles were English language systematic reviews published between 2010 and
2022, with human subjects. After the application of inclusion criteria, 11 articles were obtained.
Two results were excluded from the search because they were repeated submissions for the same
publication. One result was excluded because it did not discuss Pegloticase. The search yielded 8
articles.

Results

Most of the data published on the efficacy and safety of pegloticase, under the brand name of
KRYSTEXXA®), was derived from the studies done by Botson et al. and Sundy et al. Studies
have been performed on this drug with sample sizes of less than 50 patients. In the study done by
Sundy et al., the confidence intervals were low, and although the p-value shows the data was
statically significant, the research trials should be replicated with multiple trials. In research
studies such as Sriranganathan et al. and Kydd et al, findings demonstrated that there were
frequent events of adverse effects and infusion reactions that negatively affected patients and
caused intolerance. Pegloticase has shown efficacy in treating refractory gout, but due to the
intolerance of the drug more clinical research should be conducted to confirm the safety.
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Conclusion

Pegloticase has been found to decrease urate concentration, reduce inflammation, and improve
quality of life, making it a promising new drug for the treatment of chronic gout. Findings show
that patients tolerated pegloticase better when receiving the drug monthly. Administration of
pegloticase biweekly, however, resolved tophi with greater efficacy, but with higher occurrences
of infusion reactions. Pegloticase has also shown efficacy in treating refractory gout but, due to
the intolerance of the drug, more clinical research should be conducted to confirm the safety.

Keywords: Chronic gout, Pegloticase

Level of Evidence: Level 4
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INTRODUCTION

Gout is a painful joint inflammation that
often affects the 1% metatarsal phalangeal
joint of the foot. Elevated uric acid levels in
the blood contribute to the formation of
urate crystals between joints which cause
arthritic pain. Tophus, which consists of
monosodium urate crystals, is a major
symptom of gout. Oftentimes this is very
painful for the patient suffering from gout. !
Gout attacks or flares can occur suddenly
and can last from days to weeks. ! Treatment
of acute gout flares typically consist of
non-steroidal anti-inflammatory drugs to
relieve pain and inflammation. *

Attacks may subside for months or even
years; however, if left untreated, it can lead
to chronic gout. To prevent chronic gout, the
patient’s diet and lifestyle habits should be
assessed after an acute attack. * Additionally,
medication is also commonly prescribed.
One medication commonly used to prevent a
recurrence of gout is allopurinol, although
not all patients respond well to this
treatment or to other medications currently
available. The risk of gout increases when
the uric acid levels in the blood exceed 7
mg/dL. Allopurinol, along with proper diet
and lifestyle changes can keep uric acid
levels below 6 mg/dL. Despite strict uric
acid control, patients can still undergo gout
flares and may have to continue to take
medication for many years or for the rest of
the patient’s life. New medications such as
Pegloticase are currently being researched to

treat chronic  gout.  Pegloticase s
administered as an injection every 6 months,
converting the urate crystals into highly
water soluble allantoin that is more easily
excreted. 2

Pegloticase is currently indicated for
patients with chronic gout that have shown
intolerance to other treatments for lowering
urate levels. Efficacy and safety research has
shown that pegloticase decreases urate
concentration, reduces inflammation, and
improves quality of life making it a
promising new drug for the treatment of
chronic gout. Pegloticase was FDA
approved in 2010 and has been utilized in
treatment of chronic gout, under the drug
name KRYSTEXXA®.

METHODS

Utilizing the PubMed Database, the research
topic search query was conducted using the
phrases “gout” AND “pegloticase.” The
search query produced 183 articles. The
Inclusion Criteria required that the research
articles were English language systematic
reviews published between 2010 and 2022,
with human subjects. After the application
of inclusion criteria, 11 articles were
obtained. There were 2 results excluded
from the search because they were repeated
submissions for the same publication. One
result was excluded because it did not
discuss Pegloticase. The search yielded 8
articles.
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"Pegloticase"

PubMed Database Search: "Gout" AND

183 Articles

Inclusion Criteria:
Systematic Review
Language: English

Species: Human

Exclusion Criteria:

Repeated Articles

Published in 2010-2022

Lacks data on Pegloticase

Figure 1: Summary of article acquisition with inclusion and exclusion criteria

RESULTS

In the systematic review by Richette et al.,
treatment guidelines were stated in relation
to the severity of gout and the frequency of
flares. In patients with gout flare, NSAIDs,
colchicine, or steroids were recommended.
In patients with frequent flares, NSAIDs,
colchicine, or steroids were recommended
with the addition of interleukin-1 blockers.
Richette et al. also recommended that urate
lowering therapy be initiated and serum uric
acid monitored. SUA levels should be
maintained at <6 mg/dL (360 pmol/L) and
<5 mg/dL (300 umol/L) in those with severe
gout. ¢ Allopurinol was recommended as a
primary urate lowering therapy and its
dosage adjusted according to renal function.
If the SUA could be lowered to the
recommended range with allopurinol, then
febuxostat or a xanthine oxidase inhibitor
should be prescribed. For patients with

refractory gout,
recommended. ¢

pegloticase was

It is possible for patients to develop
antibodies against Pegloticase causing
concern that infusion reactions or an
anaphylaxis response may occur. In a
systemic review by Schlesinger et al, 6.7%
of infusion reactions were reported in
patients treated with intravenous
Pegloticase.* The majority of these infusion
reactions were considered mild to moderate
and 0.35% of them were classified as
anaphylaxis.* Despite Pegloticase having
potential for immunogenicity, it still had
significant efficacy in lowering serum urate
levels, reducing tophi, decreasing pain,
decreasing blood pressure, and improving
the quality of life in patients with chronic
refractory gout.*

To combat the immunogenicity properties of
Pegloticase, treatment with an additional
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agent might be beneficial. In the systematic
review by Keenan et al., they found
administering Pegloticase with an additional
immune suppressing drug or
immunomodulatory agent benefits patients’
response to Pegloticase. 2 Specifically, 42%
of patients treated with Pegloticase alone
responded to treatment compared to 82.9%
treated with Pegloticase with additional
immunomodulation.? The
immunomodulatory agents listed in order of
successful ~ response  rates  included
Methotrexate, =~ Mycophenolate =~ Mofetil,
SubA  Methotrexate, Leflunomide, and
Azathioprine. The proportion of patients that
responded to  pegloticase  with an
immunomodulatory agent ranged from
90.3% to 63.6%, all well above 42%.?
Research has also shown that Pegloticase
could have a higher efficacy when taken
with methotrexate, highlighting that a
cocktail of drugs might be beneficial for
patients with chronic gout. > Studies have
found that Pegloticase is effective with
administration with methotrexate but has
been contraindicated in patients with G6PD
deficiency. In randomized clinical trials,
71% of patients receiving Pegloticase with
Methotrexate showed improvement and 39%
of patients receiving only Pegloticase
showed improvement. °

As mentioned above, Methotrexate was
found to be the most beneficial
immunomodulatory agent when
administered with Pegloticase and increased
patients' response rate to treatment
compared to Pegloticase alone. Boston et al.
performed a clinical trial to study the
efficacy and safety of using methotrexate in
combination with pegloticase. Methotrexate
was administered orally along with folic
acid for four weeks before starting treatment
with Pegloticase and continued throughout
treatment. They reported 78.6% (11 out of
14) of patients still responded to pegloticase
at the sixth month mark.> Gout flares at the

three-month mark were reported as an
adverse side effect but were less likely as
treatment progressed. > No other adverse side
effects were found in association with the
combined treatment.

In the study by Sundy et al., the data had
low confidence intervals and was one of the
main referenced research articles for
pegloticase. Two randomized clinical trials
were conducted to observe the efficacy of
pegloticase in decreasing serum uric acid
levels below 6 mg/dL. when administered
biweekly or monthly. The primary end point
was achieved in 36 of 85 patients in the
biweekly group (42%; 95% CI, 32%-54%),
29 of 84 patients in the monthly group
(35%; 95% CI, 24%-46%), and 0 of 43
patients in the placebo group (0%; 95% CI,
0%-8%; P < .001 for each comparison). ®
The confidence intervals were low for each
group, but the p- value showed that the data
could be replicable and was statically
significant. Among patients with chronic
gout, elevated serum uric acid level, and
allopurinol intolerance or refractoriness, the
use of pegloticase 8 mg either every 2 weeks
or every 4 weeks for 6 months resulted in
lower uric acid levels compared with
placebo. ® Additional research trials and a
larger sample size would help to further
corroborate these findings.

The efficacy and adverse effects were also
investigated in Sriranganathan et. al. The
study found that 14 % of patients had
resolution of one or more tophi after
receiving six months of treatment with
pegloticase monthly compared with placebo.
3 The results showed 100% of people
receiving pegloticase had adverse effects
and 95% of people receiving the placebo
had adverse effects. 3 Findings showed that
patients tolerated pegloticase better when
receiving the drug monthly. Monthly dosage
had less infusion reactions than the biweekly
dosage. However, receiving pegloticase
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biweekly resolved tophi with higher
efficacy. The drawback of pegloticase is
seen in the gout flares that can occur when
beginning this drug as well as the increased
probability of an infusion reaction when
receiving the injections of pegloticase.

To further compare the efficacy and safety
of serum wurate lowering therapies, a
systematic review by Kydd et al. was
referred.  Allopurinol, febuxostat, and
pegloticase were all effective at lowering
serum urate compared to placebo, and
febuxostat (> 80 mg) was more effective at
lowering serum urate than allopurinol. ’

DISCUSSION

Guidelines state that serum uric acid levels
should be maintained at <6 mg/dL and
<Smg/dL in those with severe gout.
Therefore, urate lowering therapy should be
initiated and serum uric acid level should be
monitored appropriately. Allopurinol is the
first line drug used for urate lowering
therapy and should be adjusted according to
renal function. If allopurinol fails to lower
the serum urate concentration to appropriate
levels, then febuxostat or a xanthine oxidase
inhibitor should be prescribed.® Primarily,
analgesics are used to treat discomfort, but
with continuing frequency and severity,
interleukin-1 blockers and pegloticase are
prescribed.

One concern surrounding Pegloticase is its
immunogenicity properties or the patient’s
ability to form antibodies to the medication.
Infusion reactions were of specific concern
considering the dangerous and severe nature
of anaphylaxis reactions. In the systematic
review by Schlesinger et al, it was found
that Pegloticase treatment sometimes
resulted in infusion reactions. Specifically,
113 infusion reactions occurred in 1695
infusions of pegloticase intravenously.* Out
of these, 0.35% (6) were classified as

Regarding acute gout attacks, pegloticase
and febuxostat (> 120 mg) resulted in more
acute attacks than placebo. ” These findings
show that pegloticase has a higher chance of
causing the patient discomfort and pain than
as seen in allopurinol. Pegloticase was
effective as a refractory gout treatment but
was associated with more withdrawals due
to adverse events and infusion reactions.
This led to patients having lower tolerance
to the drug and the need to change to an
alternative.

anaphylaxis reactions.* They were classified
as mild to moderate hypersensitivities and
no fatalities were reported. Given this
decently large sample size, infusion
reactions and anaphylaxis do not seem to be
a legitimate concern for treatment with
Pegloticase. It has been seen that infusion
reaction causes patients additional pain and
intolerance to Pegloticase and can lead to
the need to change medications.

Along with safety, the efficacy of
Pegloticase was also a concern. Some
patients developed antibodies against the
medication and no longer responded to
treatment; therefore, serum urate levels
could not be lowered to less than 6 mg/dL.
With that said, benefits were reported in
patients who continued therapy despite
developing immunogenicity. Gout flares
were less common when Pegloticase was
administered  bi-weekly = compared to
monthly in patients who responded to
Pegloticase and those who no longer
responded. Pegloticase seems to have the
ability to improve a patient’s quality of life
despite its immunogenic properties. In order
to combat the immunogenicity of
Pegloticase, treatment with an
immunomodulator may be beneficial.
Specifically, co-treatment with Methotrexate
shows promise. Boston et al. found 78% of
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patients co-treated with Pegloticase and
methotrexate still responded to treatment at
6 months.> One limitation to this clinical
trial, however, was the small sample size of
14 patients.

Pegloticase was seen to resolve tophi and
reduced serum uric acid levels below 6
mg/dL  more effectively when given
biweekly, although it causes a higher
occurrence of adverse effects. When looking
at the studies performed to test the
effectiveness and safety, most of the data
published on KRYSTEXXA® was derived
from the studies done by Botson et al. and
Sundy et al. This novel drug has had
research performed using sample sizes less
than 50 patients per trial group. In the study
done by Sundy et al., the confidence
intervals were low and although the p-value
shows the data is statically significant, the
research trials should be replicated with
multiple trials. In research studies, such as
Sriranganathan et al. and Kydd et al,
findings demonstrate that there are frequent
events of adverse effects and infusion
reactions that negatively affect patients and
cause intolerance. Although these results
show pegloticase as an unsafe drug option,
the dosage period should be taken into
consideration.  Pegloticase has  shown
efficacy in treating refractory gout, but due
to the intolerance of the drug more clinical
research should be conducted to confirm the
safety.

CONCLUSION

Pegloticase is a novel treatment option for
patients with chronic gout that have shown
intolerance to other treatments for lowering
urate levels. It has been shown that
pegloticase decreases urate concentration,
reduces inflammation, and improves quality
of life making it a promising new drug for
the treatment of chronic gout. Findings show
that patients tolerated pegloticase better
when receiving the drug monthly. However,
receiving pegloticase biweekly resolved
tophi with higher efficacy. Pegloticase has
shown efficacy in treating refractory gout,
but due to the intolerance of the drug more
clinical research should be conducted to
confirm the safety.
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Common Etiology, Pathogenesis and Potential Effective Treatments for Calcaneal Fat Pad
Deterioration: A Literature Review

Harneet Jaswal, BS and Jessie Laffey, BA
ABSTRACT

Introduction

The calcaneal fat pad plays an important cushioning role in walking: one step has an impact of
110% of a person’s mass and the fat pad can absorb around 80% of this movement (Balius et al.,
2021). Two of the most common causes of plantar heel pain are calcaneal fat pad atrophy and
plantar fasciitis (Yi et al., 2011). The calcaneal fat pad offers cushion, shock-absorption, and
diffuses pressure while weight-bearing (Chang et al., 2022). It is located on the posterior plantar
surface of the calcaneus and is composed of adipose tissue tightly packed into a collagenous
septum with elastin fibers (Saad et al., 2021). To tell plantar fasciitis from fat pad atrophy, an
ultrasound or magnetic resonance imaging (MRI) should be used (Balius et al., 2021). The
purpose of this paper is to review how heel pad atrophy occurs and evaluate potential mitigation
measures and treatment for it.

Study Design: Systematic Review of Literature

Methods

Five literature searches were conducted on the PubMed database using the key phrases “heel fat
pad atrophy”, “heel fat pad”, “treatment heel pad atrophy” and “heel pain treatment” and
“calcaneal pad atrophy obesity”. The inclusion criteria consisted of articles related to heel fat pad
atrophy and treatments for heel fat pad deterioration, while exclusion criteria included articles
that didn’t mention heel pad atrophy and those written before 1990. After applying the inclusion

and exclusion criteria, 19 articles we available for review

Results

There are many causes of heel pad atrophy, such as aging, injury, prolonged and repetitive
weightbearing, peripheral neuropathy, rheumatoid arthritis, and improper footwear (Chang et al.,
2022). In addition, micro-traumas and repeated corticosteroid injections used for plantar fasciitis
treatment are also common causes (Allam & Chang, 2022). Symptoms of heel pad atrophy
include aching pain, tingling, burning and cold sensations, pain after a long walk, pain at night,
and pain while resting (Yi et al., 2011). It is commonly seen in patients older than 40 years old as
bilateral plantar heel pain (Yi et al., 2011). Some studies have found that fat grafting can be
relatively successful in reducing pain and improving function (James et al., 2021). Pedal fat
grafts can also act as preventative measures to prevent further deterioration (Minteer et al.,
2018). Other treatments include manual therapies, foot orthotics, and taping (Salvioli et al.,
2017).

Conclusion

Calcaneal fat pad atrophy is commonly seen with plantar fasciitis and can be due to a variety of
causes. Although not as effective as an intact heel pad, there are various treatments for replacing
the deteriorated adipose tissue. Additional methods are in the process of development and will
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allow for more function and less pain for patients. Although it is difficult to circumvent heel pad
atrophy altogether, the treatments listed here, as well as conservative measures, will allow
patients to either improve or detain the progression of the degeneration.

Keywords: heel, atrophy, fat pad, calcaneal

Levels of Evidence: 4
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INTRODUCTION

A notable advantage human beings obtained
through evolution was the ability to move in
a bipedal manner. This allowed for
movement with only the lower extremities
instead of all four limbs, expediting not only
the ability to walk but also the potential to
run long distances. Although standing
upright allowed new and additional
movements when compared to our
four-legged ancestors, this new design
arrived with imperfections. One example is
the effect our body weight has on our feet,
more specifically on our heels.

The calcaneal fat pad bears the biggest load
when compared to other parts of the foot
while a person is standing (Chanda &
McClain, 2019). The fat pad is located
below the calcaneus and mitigates the force
the ground has on the foot_when taking a
step (Chanda & McClain, 2019). The fat pad
is arranged into superficial and deep
U-shaped septa, filled with adipose tissue
and reinforced with elastic fibers
(Lopez-Lopez et al., 2019). It contains
19-25% more unsaturated fatty acids than
adipose tissue elsewhere in the body, which
contributes to its unique function as a shock
absorber and dissipater (Lopez-Lopez,
2019).

When initiating the gait cycle, the heel hits
the ground during the first strike, leading to
a constriction of the pad. Consequently, the
fat pad absorbs just under 25% of the impact
when walking. Due to its vital role, heel pain
occurs more commonly than other types of
foot pain (Chang et al., 2022). Around
3.6-7.3% of adults over the age of 18 have
dealt with this affliction, and the number
increases once a person passes middle age
(Chang et al., 2022).

There are multiple factors that contribute to
heel pain (Ozdemir et al., 2004). One main
physiology of calcaneal fat pad atrophy is a
loss in elasticity of the tissue, leading to
increased compressibility and consequent
heel pain (Balius et al., 2021). Calcaneal fat
pad atrophy occurs in adults participating in
sporting activities, those using improper
footwear, and during any activity involving
prolonged weight-bearing (Balius et al.,
2021). Diabetic patients and the elderly also
exhibit heel pad atrophy (Lareau et al.,
2014). A combination of aging, weight, and
increased physical activity can cause a
decrease in water retention, collagen, and
elastin from the fat pad, resulting in atrophy
and decreased protection of the heel (Balius
et al., 2021).

Heel pain experienced from calcaneal fat
pad atrophy worsens during prolonged
standing and increases at night (Yi et al.,
2011). It often occurs alongside plantar
fasciitis, however pain due to fat pad
atrophy is more often bilateral when
compared to plantar fasciitis (Yi et. Al
2011). The plantar surface of the calcaneus
is tender and pressing on the heel will
exacerbate the pain (Choo et al., 2020). The
central weight-bearing plantar surface of the
calcaneal tuberosity is where the most pain
is felt and is not exhibited with open chain
motion of the foot, ankle, or toes (Lareau et
al., 2014).

Treatment of pain from heel pad atrophy
includes non-steroidal anti-inflammatory
medications, rest, ice, and orthoses. Since
pain from heel pad atrophy is commonly
seen with plantar fasciitis, symptoms can be
difficult to mitigate.

METHODS

Five literature searches were conducted on
the PubMed database using the key phrases
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“heel fat pad atrophy”, “heel fat pad”,
“treatment heel pad atrophy” and “heel pain
treatment” and “calcaneal pad atrophy
obesity”. The inclusion criteria consisted of
articles related to heel fat pad atrophy and
treatments for heel fat pad deterioration,
while exclusion criteria included articles that

search for “heel fat pad” resulted in 217
results. The third search, “treatment heel pad
atrophy” resulted in 16 articles. The fourth
search, “heel pain treatment” resulted in
1,764 articles. Lastly, the search “calcaneal
pad atrophy obesity” resulted in 1 result.
After applying the inclusion and exclusion

didn’t mention heel pad atrophy and those criteria, 19 articles were available for
written before 1990. The search for “heel review.
fat pad atrophy” resulted in 24 results. The
PubMed Database
Search 1: Heel Fat Search 2: Heel Trei::::tileel Search 4: Heel Search 5:
Pad Atrophy Fat Pad P Absach Pain Treatment Calcaneal Pad
4e00phy Atrophy Obesity
Exclusion
Criteria: J
rclated o Inclusion Criteria:
heel pad Articles restricted to
atrophy as calcaneal fat pad
well as 5 atrophy and human ¢
Bifitles subjects
written
before the
Year 1990
v v v

Search 1: 4 Articles
met the Inclusion
and Exclusion
Criteria

Search 2: 9 Articles
met the Inclusion
and Exclusion

Criteria

Search 3: 2 articles
met the Inclusion
and Exclusion

Criteria

Search 5: 1 Article
met the Inclusion
and Exclusion
Criteria

Search 4: 3 articles
met the Inclusion
and Exclusion
Criteria

Figure 1: Articles yielded after the application of the inclusion and exclusion Criteria

RESULTS

Gait Cycle

Although many factors can affect the
calcaneal fat pad, the presence of plantar
heel pain is thought to have an association
with the human gait cycle. The parameters
for this mechanical cycle start and end when

the heel contacts the floor, but the maximal

amount of heel pain occurs in the stance

phase, when the entire plantar aspect of the
foot touches the floor (Alfaro-Santafé et al.,
2021). This part of the cycle is also levying
the most mechanical stress onto the foot,
causing increased pronation, a reduction in
the arch of the foot, and increased ankle
dorsiflexion (Alfaro-Santafé et al., 2021). In
an analysis completed by Aflaro-Santafe et
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al., two groups of subjects - one with foot
pain and one without - had their gait cycle
studied as they stepped into stance phase to
quantify and graph any pain they felt. These
representations showed that when compared
to the control group, the group with heel
pain walked with a lesser physical force
(Alfaro-Santaf€¢ et al., 2021).

Clinical Presentation

Heel pad atrophy is commonly seen with
plantar fasciitis, however pain due to
calcaneal fat pad atrophy is usually more
diffuse and on the plantar aspect of the heel
(Aldridge et al., 2006). Fat pad atrophy is
also more common in patients who are
elderly or obese (Aldridge et al., 2006).
When compared to plantar fasciitis, heel
pain due to calcaneal fat pad atrophy
worsened with prolonged standing, pain at
night, and pain on both heels as opposed to
unilaterally (Yi et al., 2011). Patients older
than 40 years also showed an increase in
calcaneal fat pad atrophy (Yi et al., 2011).

Etiology:

Age/ Gender/ Race

In the study completed by Lopez et al.,
statistically significant differences were
found between women and men in terms of
weight and height, but factors such as BMI
and fat pad density were found to have
statistically insignificant differences. Due to
the insignificant p value (P= 0.941) for the
calcaneal fat pad denseness, the study found
that gender did not determine whether a
person would have heel pain (Lopez-Lopez
et al., 2019). Within each gender, however,
the study did find that heel pain was
indicated based on the thickness of the heel
pad. Both men and women in the group
experiencing heel pain had a thinner pad
when compared to the control group. Men in
the control group had a calcaneal fat pad
with a mean (M) of 8.58 mm and a standard
deviation (SD) of 3.43mm while women had

a M of 10.13mm with a SD of 1.78mm.
With the group that experienced pain, the
heel had a M of 7.37mm and a SD of 1.33
for men and a M of 7.09mm and SD of
1.44mm for women (Lopez-Lopez et al.,
2019).

Calcaneal fat pad atrophy is a component of
a broader term used to describe heel pain
known as Heel Fat Pad Syndrome (HFPS).
The primary criteria consists of the heel
being less than 3 millimeters in density, but
secondary criteria such as deviation in pain
is also considered. In one of the studies
reviewed by Chang et al., a statistical
difference was found between races (HFPS
was found more commonly in Hispanic/
Latino people), but no difference was found
between the genders (Chang et al., 2022).

Rheumatoid Arthritis

11 patients with rheumatoid arthritis were
compared to 8 controls to determine
calcaneal fat pad atrophy. 20mg of fat was
surgically removed from the heels of each
patient and compared for compositional
differences. Patients with rheumatoid
arthritis were found to have heel fat pads
containing increased saturated fatty acids
and decreased unsaturated fatty acids when
compared to controls. This compositional
difference can affect the inherent qualities of
the fat pad, making it more viscous in
rheumatoid patients. The increase in
viscosity reduces the ability of the calcaneal
heel pad to dissipate the force put on the
heel upon heel strike, increasing heel pain.
Over time, this can break down the septal
organization of the fat pad, resulting in
atrophy (Resnick et al., 2016).

Diabetes Mellitus

It is well known that patients with diabetes
mellitus can often develop neuropathy of the
foot, leading to dangerous foot ulcers and
potential amputations if their blood glucose
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levels are not controlled. Kao et al.,
conducted a study on the feet of 16 cadavers
from patients with and without diabetes, as
well as 8 living diabetic patients and 8
controls. The study performed MRIs on each
foot to examine the effect diabetes has on
the composition of the calcaneal fat pad. The
three images taken were spin lattice (T1),
spin-spin (T2), and magnetization transfer
(MT). All three of these measurements
revealed a statistically significant difference
between diabetic and non-diabetic feet. The
increase in relaxation time of T1 in diabetic
feet, when compared to controls, suggests an
increase in water and a decrease in fat
content within the heel pad (Kao et al.,
1999). The increase in T2 revealed the
opposite effect and the author notes that
additional studies need to be conducted to
clarify this difference. The MT activity was
increased in diabetic patients, supporting
previous research that states this measure is
increased in  diabetic  patients  with
neuropathy (Kao et al., 1999). The increase
can be due to the increased collagen in the
fat pad, more availability of collagen due to
degeneration of the fibrous septa, or
increased water content in non-diabetic feet
(Kao et al., 1999).

DISCUSSION

Treatment

Treatment for this condition includes insoles
or heel cushions in the patients’ shoes. In
addition, low-dye taping has been seen to
reduce heel pain by decreasing the peak
plantar pressure of the hindfoot in patients
with heel pad atrophy (Chae et al., 2018).
Laser therapy and diathermy therapy has
been successful when treating soccer players
with a 57 +/- 37 days for return to play time
(Saggini, 2018). Other conservative
measures include off-loading, icing, and

anti-inflammatory drugs such as NSAIDs
(Choo et al., 2020).

The limitation of conservative treatment is
that they only treat the symptoms of pain
without fixing the root cause: more research
is being done on how to stop the degradation
of the fat pad itself, such as the effect of
surgery. Surgical interventions for heel pad
atrophy includes autologous fat grafting.
When compared with other fillers such as
liquid silicon or hyaluronic acid, fat is safer
and more permanent, respectively (James et
al., 2021). In addition, it is a relatively easy
procedure, and the patient does not have a
lot of self-maintenance. Studies have shown
that this procedure ultimately increases
dermal thickness of the heel, significantly
reducing heel pain in patients who undergo
the grafting both 6 months and 12 months
after the completed procedure. This fat graft
allows for a better foot function when
compared to the control group, which had
increased foot pain during that same time
(James et al., 2021). Patients who had
undergone the surgery had evidence of fat
resorption yet surprisingly, they still stated
that they had improvements with their heel
pain. Although not certain, it is thought that
this may be due to an area of the heel being
less compressive after the procedure, even
with the injected fat dispersion (James et al.,
2021). Similar results were found in another
study, although the sample size was much
smaller. It was found that although the fat
grafts returned to the original thickness a
few months after the operation, functionality
was improved up to the 24-month mark
when the study was completed (Minteer et
al., 2018).

Limitations to the study

One limitation of this subject is that there is
not enough research nor a large enough
sample size to conclude how long fat grafts
can provide pain relief. Additionally, it
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would benefit the study conducted by James
et al. if the follow-up time was increased, so
that the progress of the lipo-transplantation
could be followed for many years in the
future.

CONCLUSION

Calcaneal fat pad deterioration is the second
most common cause of foot pain in adults
worldwide. Current research suggests this
degradation can be due to several different
causes, such as obesity, diabetes mellitus
and rheumatoid arthritis. Although there are
many conservative measures that patients
can use, they are cumbersome and time
consuming. Due to this, patients may

struggle with adhering to their treatment
plan. Although more research needs to be
done, early experiments show that fat grafts
may be the better option. Not only do they
fix the underlying pathology that causes
pain, but it is easier for the patient to adhere
to the post-operative instructions.
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ABSTRACT

Introduction

Rheumatoid arthritis (RA) is an autoimmune multi-systemic disease characterized by
inflammation of tissues lining joint cavities. Changes in innate and adaptive immunity lead to
altered immunological production of cytokines and autoantibodies, which pathologically result in
synoviocyte and osteoclast mediated cartilage and bone destruction. Periarticular and
musculoskeletal manifestations, as seen on MRI and other imaging modalities, include synovitis,
bone marrow edema, and bone erosions. If RA is not managed properly, it can cause chronic
disability in the functionality and mobility of affected joints. The goal of this study is to assess
how each treatment modality manages inflammation, reduces overall foot and ankle pain,
enhances mobility, and overall improves the quality of life of those suffering from RA.

Study Design: Qualitative Systematic Review of Literature

Methods

A search query of “(Rheumatoid Arthritis) AND (foot pain) AND (therapy)” in PubMed yielded
a total of 479 articles. The inclusion criteria factors of certain publication types (such as RCT,
SR), publishing date within the last 5 years, and English language, yielded a total of 22 articles.
Subsequently, with the exclusion criteria factors of relevance to RA, tangibility of results, and
with additional manual filtering, a final total of 9 articles were utilized in this study.

Results

It was proven with statistical significance that the use of footwear interventions such as thin
customizable insoles and soft custom foot orthoses resulted in immediate relief in
walking-induced forefoot pain. It could not be statistically proven, however, that foot orthoses
alleviate the overall burden of pain and disability in RA patients. Nonsurgical and
nonpharmacological interventions such as physical exercise and psychosocial interventions aid in
reducing the global impact burden of RA, though the extent of effectiveness is unknown. HA and
PRP injections appeared to alleviate ankle pain in the short term, though statistical significance
was weak due to small sample size and variability in patient population. Imaging modalities
proved that biologics have the added benefits of not only reducing pain, but also enhancing
function and preventing further joint destruction.

Discussion and Conclusion

There are a variety of treatments utilized in order to control the painful symptoms of RA of the
foot and ankle, ranging from biological agents to foot orthoses to other physical footwear to
non-pharmacological interventions. The majority of the publications included in the study
utilized the Visual Analog Scale (VAS) for measuring pain, and the Foot Function Index (FFI)
for measuring functional disability. There is a plethora of research discussing experimental and
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novel treatment modalities for improving the quality of life for patients diagnosed with systemic
RA; but very few focused specifically on the foot and ankle. While a few articles did statistically
prove that a particular treatment modality has the potential to alleviate pain or improve function;
there is scarce evidence to suggest one is superior at improving quality of life compared to the
others, minus established biological agents.

Key Words: Rheumatoid Arthritis, foot and ankle, foot orthoses, biologics, intraarticular
injections, insoles, non-pharmacological interventions, foot pain, foot function, quality of life

Level of evidence: 3
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INTRODUCTION
Rheumatoid  Arthritis (RA) is a
predominantly autoimmune condition

characterized by inflammatory changes of
the synovial tissue lining joint cavities, and
subsequent destruction of cartilage and
bone.! It is marked by synovial hyperplasia,
intense thickening of the synovial lining,
which results primarily due to the invasion
of macrophage-like cells and the marked
proliferation of  resident synovial
fibroblasts.!  Degree of this visible
hyperplasia and disease activity status
directly correlates with the severity of
cartilage erosion andformation of an
inflammatory pannus, which attaches to and
invades nearby joint cartilage. Osteoclast
activation that happens simultaneously
erodes surrounding bone.!

Risk factors

The systemic manifestations of
inflammatory cytokines, arachidonic acid
metabolites, and rheumatoid factor and
anti-cyclic citrullinated peptide (anti-CCP)
autoantibodies are high RA risk factors.?
The rheumatoid factor is increased in people
with genetic haplotypes VKA and SKR.?
Production of the anti-CCP antibody is
associated more with genetic haplotypes
VKA, VRA, and LRA. Another gene,
protein  tyrosine  phosphatase = N22
(PTPN22), has been indicated to increase
the citrullination of proteins and cause
hyperreactivity of T and B cells, which leads
to the synovial inflammation seen in patients
with RA.? Risk factors include a morbid
body mass index, tobacco exposure, female
gender, and the genetic haplotype HLA-DR
beta, which is exacerbated by smoking.?
Consequently, the  development  of
comorbidities such as lung cancer and
lymphoma are of serious concern.®

Foot and ankle pain
The incidence of developing foot and ankle

pain in patients with preexisting RA is
significantly high. Epidemiological studies
point to serious foot pain in nearly 90% of
patients with RA.* Previous studies suggest
a prevalence rate of ~ 70% of foot joint
arthritis, pain, and walking disability in
patients with early stages of RA or
arthralgia.” Pain is especially localized to
areas of functional movement and can
persist even when the disease is not
clinically apparent. Therefore, it is crucial
for health professionals to continually assess
foot health while monitoring RA in a
patient, especially in at risk joints of the
forefoot, such as the metatarsophalangeal
joint and other symmetric joints. The foot
functioning index is a clinical instrument
utilized for scoring foot pain, related
disability, and activity limitation in patients
with debilitating disease conditions.> This
index can assess the risk for slower and
unstable gait patterns, abnormal foot joint
rotations and altered plantar pressure
loading characteristics of the foot and ankle
in patients with RA.> Health professionals
should do a more comprehensive exam by
inquiring about foot symptoms in every
patient with RA and examine joint function
in the foot and ankle in addition to joints of
the hand to enhance rheumatological
management of RA.

Treatment considerations

Chronic inflammation is a predominant
etiology but also a concerning side effect of
RA in the foot and ankle. Novel treatments
of RA are now more focused on
management of the synovial inflammation
and vascularization.® NSAIDs are commonly
used to manage RA symptoms, however
they do not prevent progression of the
disease. In contrast, conventional
disease-modifying  anti-rheumatic  drugs
(DMARDs) such as methotrexate (MTX),
sulfasalazine (SSZ), and leflunomide have
the capacity to slow disease progression by
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suppressing the immune system.*!'* If
DMARD:s are used early in the RA process,
it can enable better long-term outcomes.
Biologics, a special type of DMARDs, can
further limit joint destruction because they
block specific parts of the immune system
which promote inflammation. Despite 90%
of the respondents on biologics discussing
foot pain with their rheumatologist, only
70% received adequate podiatry care.* A
previous systematic review concludes that
compared with DMARDs alone, biologics,
in combination with DMARDs achieve a
50% reduction of joint destruction.'* Patients
receiving anti-TNF alpha biologic therapy
are significantly more likely to be affected
by foot pain, stiffness, swelling, and
numbness in comparison to patients
prescribed traditional DMARD therapies.
Results of previous clinical trials with
anti-TNF alpha drugs show dramatic
reductions in visual analog scale (VAS) pain
scores.* Counter-intuitively, studies have
shown that a greater proportion of patients
not on anti-TNF alpha therapy are receiving
podiatric care compared to patients on
anti-TNF alpha therapy due to more
advanced foot impairment.*

For some RA affected feet and ankles,
systemic therapies may pose an unnecessary
risk in overriding immune regulation,
compared to local therapies designed to
alleviate symptoms. The use of conservative
semi rigid foot orthotics is thought to
stabilize the functional movements in joints
of the foot and ankle, and therefore reduce
the associated pain, compared to insoles.’
However, the effectiveness in substantially
reducing pain in joints of the foot and ankle,
in addition to improving long term function,
is disputable. Non-traditional methods such
as exercise interventions are also being
considered, with multicomponent and single
component exercise regiments proving to
alleviate the global impact of RA on an
individual. The increasing usage of

non-operative therapies such as systemic
analgesics, or oral non-steroid
anti-inflammatory drugs have potential
undesirable side effects and can lose potency
with repeated use.'> Further research is
required in order to help patients manage
their symptoms without surgical intervention
or to preserve the RA affected joint if future
operative intervention becomes necessary. !>
This literature review aims to evaluate
various RA treatments and their efficacy in
minimizing  inflammation and  joint
degradation in the foot and ankle.

METHODS

A preliminary search of "Rheumatoid
arthritis therapy" on PubMed revealed 1691
results, with the majority of studies
reporting results of immunological clinical
trials. There were, however, a noticeable
number of published articles discussing
other therapeutic remedies for Rheumatoid
Arthritis (RA) such as dietary modifications
or exercise interventions. Since the question
posed a comparison amongst therapies, all
aforementioned results needed to be part of
the final inclusion criteria. However, the
vast majority of those studies were focusing
on the wrist, neck, and hip joints rather than
on the foot and ankle. The search query was
therefore modified to be “(Rheumatoid
Arthritis) AND (foot pain) AND (therapy)”,
with the inclusion filter limit only allowing
publications from the past 5 years. Once the
inclusion and exclusion filters were applied,
manual filtering eliminated two more
articles because they were simply protocols,
but were utilized for the Introduction section
as a source for epidemiological statistics.
One more article was eliminated because it
was declared that the first author had a
conflict of interest. An additional 4 articles
not included in this search criteria were
utilized as sources for the Introduction,
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mainly for citing disease pathogenesis, and
risk factors.

Preliminary searches of the Cochrane
Library were also conducted. A simple
query of “RA ankle” revealed 2 results,
while another simple search query of “RA
foot” revealed 36 results. However, all of
these articles were entirely unusable, either

PubMed Database Search:
“Rheumatoid Arthritis” AND
“therapy” AND “foot pain”

479 Articles

because they were repeats of PubMed
articles or because the trials were stopped
midway or the authors failed to publish the
results. One article was eliminated because
the study was an experiment on
arthritis-induced mouse models and the
results could not be extrapolated to humans.

22 articles

Meta Analysis, RCT,

( Inclusion criteria: Clinical Trial,

filters, Publication within 5
years, English language

tSystematic Review PubMed

9 articles

+ Manual filtering

Exclusion criteria: Articles not
in English, non applicable to
topic, not maintaining a clear
link to RA, no results reported,
not credible

Figure 1: Articles yielded after the application of the inclusion and exclusion Criteria

RESULTS

Ramos-Peterson et al. conducted a
systematic ~ review  of  RCTs and
observational studies that assessed the use of
biologics in the feet of patients with RA.
Individual RCTs conducted by Van
Vollenhoven et al., Huizinga et al., and Van
Herwaarden et al. revealed similar but
positive findings that biologics will lessen
the extent of RA progression as evidenced

by X-ray imaging. Van Herwaarden et al.
conducted a RCT that assessed the efficacy
of biologics and dose reduction vs usual care
without dose reduction on 180 total patients
with RA. The biologics group showed
significantly better global assessment of foot
health as measured by the DAS28 metric
and health assessment disability index at 18
months. In regards to foot outcomes, the
biologics group also presented with shorter
lived flares and minimal radiological
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progression. Huizinga et al. conducted a
RCT in 2015 that assessed the efficacy of
methotrexate + tocilizumab combination
therapy vs tocilizumab + placebo on 556
total patients with active RA. The
tocilizumab group showed significantly
better global assessment of foot health as
measured by the DAS28 metric and RA
Quality of Life index post 2 years, with even
50.4% achieving remission. Conversely, the
addition of biologics to conventional
DMARD methotrexate treatment resulted in
minimal further progression of structural
joint damage. Van Vollenhoven et al.
conducted a RCT in 2012 that assessed the
efficacy of conventional DMARD treatment
vs biologics on 487 patients with RA whose
treatment with methotrexate failed. The
biologics group showed significantly lesser
radiological disease progression as measured
by the DAS28 metric and health assessment
disability index at 24 months. However, it is
important to note here that the initial
response to the different therapies was
indistinguishable.!*

Santos et al. conducted a systematic review
of RCTs and observational studies to
determine the effectiveness of
non-pharmacological and  non-surgical
interventions on disease impacting domains
of pain, function and fatigue. The
interventions  include = multicomponent
exercise, single exercise, psychosocial,
hydrotherapy and balneotherapy, and custom
orthoses of the foot. Cramp et al,
Rongen-van Dartel et al., Baillet et al. 2012,
Baillet et al. 2016 all conducted quantitative
RCTs on the effects of multicomponent and
single exercise interventions. Baillet et al.
2012 and Baillet et al. 2016 demonstrated
that there was a positive effect in lessening
pain and improving functional disability
(n=545). Cramp et al. showcased a small
positive effect in terms of improving fatigue,
while Rongen-van Dartel et al. concurred

this, but emphasized that this was only
beneficial in the short term (n=628).
Al-Qubaeissy et al., Verhagen et al.
demonstrated  that hydrotherapy and
balneotherapy produced an insufficient
effect for pain compared to usual care,
exercise, mudpacks, and relaxation therapy
(n=998). No significant conclusions could
be made in regards to the effect of
hydrotherapy for improving functional
disability. Knittle et al. illustrated that
psychosocial interventions had a small
positive effect on pain improvement
(n=1316) and functional disability (n=1180).
Cramp et al. illustrated that psychosocial
interventions had a small positive effect on
improving fatigue (n=1556). Hennessey et
al. showcased that custom orthoses of the
foot had a moderate effect on improving
pain (n=340), and a small positive effect on
improving functional disability (n=220).!3

Wang et al. conducted a RCT to determine
whether hyaluronic acid injections (n=24)
into RA affected feet and ankles can
improve foot function and reduce synovial
hypervascularization compared to lidocaine
injections (n=20). The injection site was
determined partially based on patient
assessment of pain and tenderness, but also
determination of active synovitis under
ultrasound imaging. The effects were
qualified through utilizing color doppler
ultrasound (CDUS), visual analog scale
(VAS), and FFI scores (subscales are pain,
functional limitation, and disability) at
baseline, four weeks, and twelve weeks.
Hyaluronic acid injections significantly
improved VAS score, FFlpain, FFliota at 4
weeks, and decreased CDUS values at 4
weeks (p = 0.005) and 12 weeks (p < 0.001)
compared to baseline. Since the result at 12
weeks is much more significant in
comparison, it was theorized that hyaluronic
acid injections mediated pain relief through
a cumulative effect. The lidocaine control
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achieved a 20% reduction response in
CDUS values; compared to the hyaluronic
acid variable which achieved a 54%
reduction response. However, the magnitude
of reduction was the same for both groups
and the reduction of CDUS values had no
correlation with clinical pain reduction or
functional improvement.

Synovial hypertrophy was evaluated in a
semiquantitative manner utilizing the Leeds
Score, with O representing none, 1
representing mild, 2 representing moderate,
and 3 representing severe.® Among the
participants responding to hyaluronic acid
injections, 80% had a high initial vascularity
assessment of Leeds Scores 2 and 3. This
initially suggested that hyaluronic acid had
the potential to reduce active synovitis,
however, the extent to which this is effective
needs to be confirmed with further testing.®
Clinically, HA injections are promising for
patients who do not respond to simple
analgesics or are not fit for surgery.
However, there is uncertainty as to which
patients, based on age or arthritis severity,
would benefit the most and required
dosage."®

Vannabouathong et al. conducted a
systematic review to evaluate whether the
efficacy of IA treatment modalities such as
corticosteroids (CS), hyaluronic acid (HA),
platelet rich  plasma (PRP), and
mesenchymal cells (MSC) which are more
commonly used to treat knee arthritic pain
applies to ankle arthritis as well. The clinical
outcomes of pain, joint function, stiffness,
quality of life, and disease-specific indices
such as swelling were recorded; in addition
to adverse side effects, patient satisfaction,
and tolerability outcomes. Furtado et al (98
patients) and Lopes et al (54 patients) both
found positive responses to CS therapy with
triamcinolone hexacetonide in individuals
with ankle RA, with regard to both pain and

swelling up to 4 weeks postinjection. A trial
on 100 ankle OA patients treated with
betamethasone (a maximum of 3 weekly
injections or until all  symptoms
disappeared) found just 35% of patients had
improvement in their symptoms, however
positive outcomes for CS injections were
found in patients without grade V disease
(totally disabled). Bossert et al found that
68% of patients treated with a combination
of HA plus mannitol were “very satisfied”
or “satisfied” and 94% of patients had “very
good” or “good” tolerability with the
injection. RCTs that utilized a 5-injection
regimen of Hyalgan, demonstrated that HA
injections improved pain, function, and
stiffness relative to placebo up to 26 weeks
postinjection, with the maximum effect at 6
months, as per the self-administered ankle
osteoarthritis scale (AOS) score. In contrast,
Schmid et al. concluded that CS injections
may only be useful for short term ankle
arthritis, maximum effect being up until 8
weeks.!> Fukawa et al and Repetto et al (20
patients each) reported that VAS pain when
administering PRP changed from 59.7 to
42 4mm (P=.02) at 24 weeks and from 7.8
to 2.6mm (P=0.001) at an average follow up
of 17.7 months, respectively. Repetto et al
also found that Foot and Ankle Disability
Index (FADI) scores also significantly
improved from 59.2 to 80.2 points
(P=0.001) and that 80% of their subjects
deemed themselves either “very satisfied” or
“satisfied” at their final follow up.!>

Tenten-Diepenmaat et al. conducted a
systematic review in which they aimed to
compare various types of foot orthoses (FO),
which differ on grounds of materials used,
functionality and modifications applied. The
effectiveness of these various types of FOs
were analyzed by looking at the primary
outcomes on foot function and foot pain,
secondarily the paper looked at physical
functioning, quality of life, compliance,
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adverse effects, overall costs, and patient
satisfaction. By applying pertinent research
parameters, a literature search was
conducted and 10 total articles were selected
to be a part of the literature review. Data was
meta-analyzed and when this couldn’t be
done, qualitative data analysis was
performed. Pooled scores pointed to a
medium, but statistically  significant,
immediate reduction of forefoot plantar
pressure-time integral, while looking at 28
study participants. Similarly, forefoot plantar
peak pressure was also studied in looking at
soft FOs but wasn’t statistically significant.
Pooled scores also showed a small
intermediate effect in favor of FOs with
metatarsal bars for reduction of forefoot
plantar  pressure but were deemed
insignficiant within this study; reduction in
plantar pressure vs. pressure time interval
yielded P = 0.58 and marking reduction in
plantar pressure vs. peak pressure yielded P
= 0.30. These pooled scores showed no
benefit in comparison between soft FOs and
semi-rigid FOs in regards to foot pain. Other
parameters of comparison, such as cost
effectiveness and patient satisfaction were
inconclusive as most studies mostly looked
at immediate effects and didn’t conduct the
respective studies for long-term.’

Frecklington et al. in a literature review
focused on the effectiveness of footwear on
foot pain, function, and ability to reduce
impairment for RA patients. Articles
selected to be analyzed were selected by
inclusion criteria and that led to the
inclusion of 11 articles for this review.
Footwear interventions studied in this paper
included off-the-shelf footwear, therapeutic
footwear and therapeutic footwear with foot
orthoses. Articles were grouped in regards to
foot pain, patient-reported outcomes, plantar
pressure and temporal-spatial parameters.
Significant between group reductions in foot
pain was seen when using newer therapeutic

footwear (d: 1.08 - 1.24; large effect) , and
extra-depth  footwear  with  semi-rigid
orthoses group (d: 0.45; medium effect).
One listed cross-sectional study also
reported a significant reduction in rearfoot
and forefoot peak plantar pressure (PPP)
when using athletic footwear. While this
study also examined gout and first MTP
osteoarthritis, there were many more
supporting articles that looked at study
participants with RA. Overall, many patients
reported that most efficient forms of
footwear intervention were associated with
extra-depth footwear and cushion to allow
for increased toe box volume. Cushioned
midsoles offer a significant reduction of
forefoot plantar pressure in RA patients.!?

Reina-Bueno et al. conducted a randomized
controlled clinical trial to test the effect of
custom-made foot orthoses in comparison to
placebo foot insoles in RA patients. There
was a group of 53 patients selected for the
trial and split into two groups for placebo vs.
custom orthoses. There was a statistically
significant difference between the groups of
P=0.048 proving that the custom-made
orthoses provided better pain relief in RA
patients. RA patients are more prone to
increased plantar pressure and structural
problems such as hallux valgus, rearfoot
valgus and subluxation of
metatarsophalangeal joints. Custom-made
orthoses were designed to tackle these
deformities and pain. Group A orthoses
were made of polypropylene layer phenolic
foam molds while Group B received the
placebo foot insoles. The procedure called
for participants to wear foot orthoses
assigned for a minimum eight hours per day
all week for three months. This was a
blinded research model and measurements
were taken on days 0,30, 60 and 90.
Variables discussed in the study were pain,
functionality, disability and quality of life.
The results table reflected that pain level on
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VAS scale went down in Group A (custom
orthoses) compared to Group B (placebo).
However, there wasn’t a significant
difference in foot function, disability or
quality of life. Overall, the study proved that
customized foot orthoses resulted in
reduction of pain in RA patients.!!

Gijon-Nogueron et al. performed a
systematic review and meta-analysis on the
effectiveness of foot orthoses in patients
with RA related to disability and pain. Of
the initial 118 studies considered 5 were
included in the final systemic review and
meta-analysis amounting to 301 participants.
Data used to measure the effectiveness of
foot orthosis included the visual analogue
scale (VAS) measured pain and the
Questionnaire of Foot Function index (FFI)
measured pain, disability and activity
limitation. The studies results were divided
into two groups, those obtained in long-term
( >6 months ) follow up and short-term ( < 6
months) follow up. The studies in the short
term group found improved foot pain
outcomes in patients with foot orthoses but
there was no statistically significant
difference between the intervention group
and control groups. In the long term studies
one study recorded no significant difference
between control and intervention group: the
other study did observe significant
improvements in foot pain at the end of
follow up, their results corresponded to
AUC analyses, once adjusted the results
obtained were not statistically significant.
When analyzing for disability the short term
follow up group found no statistical
significance  between intervention and
control groups. The long term follow up
group found no statistical significance when
analyzing for disability although the
meta-analysis detected a slight difference
from intervention and control groups.
Analysis of the articles selected for the study
found that there was no significant

difference in outcomes when using a foot
orthosis, another insole, or a placebo. The
lack of significant impact can be due to the
small sample sizes of the studies being
reviewed or in the limited sensitivity of the
FFI questionnaire to detect differences.’

Linberg et al. conducted a randomized
control study to investigate the immediate
effects of thin easily customizable insoles on
pain and walking ability in patients with RA
who have forefoot pain and to determine if
they were using the insoles 1 year later. The
study included 21 subjects recruited from an
outpatient clinic and inpatient ward of a
hospital for rheumatic disease. Inclusion
criteria included a definite diagnosis of RA,
>18 years of age, foot pain on walking, and
pain in at least one forefoot when assessed
for affliction of the MTP joints using the
Ganseln test. The insole used was a 4-mm
flat insole of a malleable plastic material
with a textile material on the upper side, it
was customized to provide support for the
transverse and longitudinal arches of the
foot. Patients' functional level was classified
into functional classes I-IV according to the
American college of Rheumatology 1991
classification of functional status. The foot
function Index (FFI) was used to determine
foot pain and disability. Walking ability was
assessed by the 6 minute walking test
(6MWT), foot pain was assessed after
walking with and without insoles by a
10-cm visual analogue scale (VAS). Patients'
satisfaction with insoles after 1 year was
assessed by a standardized questionnaire.
The study found a statistically significant
reduction in foot pain for the group using
insoles during the 6MWT. Walking distance
was increased in patients using insoles
during the 6MWT but it was not statistically
significant. 90% patients continued using the
insoles after the initial test in a 1 year follow
up. Results show an immediate forefoot pain
relief when walking using these insoles and
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that these insoles can be used to relieve
forefoot pain in patients not severely
affected by RA.!?

DISCUSSION

Many of the studies cited in this literature
review utilized the same measuring
variables. Pain was primarily measured by
the Visual Analog Scale (VAS) for pain,
fatigue was measured by Multidimensional
Assessment of Fatigue among others, and
functional disability was measured by
Health Assessment Questionnaire and Foot
Function Index (FFI).!»!* The outcome
variable of FFI also included three subscales
of FFLuins FFliaitys FFlunctiona limitation-. 1€
level of disease activity as measured by the
DAS28 metric has cutoff values of 2.6 for
remission, 3.2 for low, 5.1 for moderate, and
5.1+ for high.®

Ramos-Peterson et al. also asserted
secondary findings by Tada et al. and
Kubota et al. that biologics are not a risk
factor for post operative surgical site
infection (SSI) or delayed wound healing.
The exception is that Huizinga et al.
revealed the potential for serious adverse
effects and infections is  reduced
significantly in the methotrexate +
tocilizumab group compared to patients who
are being treated with biologics alone.'* This
data was measured by the DAS28 metric
and is significant because of previous
assumptions that DMARDs negatively alter
cytokine pathways that are necessary for
repair mechanisms. This review also
underlined the previous understanding that
RA is more common in women than in men
at a 3:1 ratio due to differences in
comorbidities and hormonal differences
between the sexes.

Multicomponent  exercise and  single
exercise were proven to reduce the overall

global burden of RA, as measured by the
RA Impact of Disease and global Quality of
Life metrics, while also lessening pain,
lessening fatigue and improving function.!
Psychosocial interventions and custom
orthoses were proven to lessen pain and
improve function.!* However, this study
demonstrated procedural bias since the
non-pharmacological interventions were
performed in a non-standardized manner at
non-standardized intervals, mostly
dependent on patient preferences. It is also
important to note that this systematic review
included studies that are not primarily
focused on foot pathology. The cited articles
also failed to mention the effects of RA on
the disease impact domains of sleep, coping,
emotional well-being and  physical
well-being.

Despite conventional treatments such as
DMARDs and corticosteroids  being
established as the standard for RA treatment,
research and resources are being devoted
towards uncovering new methods. Due to
the prevalence of corticosteroid side effects,
hyaluronic acid injections have emerged as
an alternative anti-inflammatory therapy.
The mechanism of action of hyaluronic acid
is thought to be desensitization of the
overactive nociceptive nerves, which are
characteristic in inflamed areas. Similarly,
lidocaine is thought to act by diluting
inflammatory mediators throughout the
body.8

Previous research conducted by Goto et al.
cited that five consecutive hyaluronic acid
injections to RA affected knees improves
pain upon ambulation by suppressing PGE2
inflammatory mediator levels in synovial
fluid. Saito et al. in an observational cohort
study, compared hyaluronic acid to steroids
and stated that the former is preferable.
Wang et al. preliminarily compared the
effectiveness of lidocaine and hyaluronic
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acid injections in RA ankles and feet. The
relative control and experimental groups did
not differ significantly at baseline, with the
exception of age. This could have resulted in
a confounding bias, but it is unknown how
and to what extent. Other limitations
included not having a placebo group
receiving saline injections for global
efficacy comparison, small sample sizes,
and measurement bias of the color doppler
signals. Hyaluronic acid injections were
shown to improve RA affected foot function
in the short term and pain reduction, though
further testing is warranted to truly confirm
this result based on these limitations.

The modalities of CS, PRP, MSC, and HA
injections have different benefits and
limitations due to different mechanisms of
action, and aside from hyaluronic acid, there
is currently limited high quality clinical
evidence to base treatment recommendations
on. Moreover, there are currently no trials
comparing one injection modality to another.
The evidence on CS, PRP, and MSC is even
less well defined than research on HA. For
example, Vannabouathog et al. only
reviewed one low-quality trial on MSC
therapy done by Emadedin et al, which
evaluated 18 OA patients treated with
MSCs, but only six of the patients had ankle
OA." Furthermore, no trials were evaluated
on MSCs therapy for RA as there is a lack of
research currently being done on this
modality. It is important to note that out of
the 27 studies regarding intra-articular
injections, the study population that was
predominantly studied was ankle OA
patients (22 studies), whereas limited trials
with RA patients were studied as clinical
research in this patient population has not
been conducted.

The studies that investigated arthritic ankles
were limited to just CS and HA injections.

Despite current evidence consisting of low
quality trials of small sample sizes, the
majority of the 27 studies suggested that IA
injections may be effective in improving
clinical outcomes in ankle arthritis as well as
have limited safety concerns. Previous
systematic reviews have not included trials
examining PRP or MSC therapy as they are
relatively new treatment modalities. More
high-quality, randomized trials with standard
outcome reporting is needed for these
therapies, ideally with a comparable control
group — especially in RA  patient
populations.

Articles included in our literature review
that studied the efficiency of orthoses in
reducing foot complications in RA patients
overall pointed to improvement in the
quality of life. However, the level of
significance and the impact that each type of
orthotic had on foot pain and functionality
differed tremendously. Tenten et al. pointed
to immediate improvement upon the
administration of soft orthoses rather than
semi-rigid orthoses, but within the same
paper pointed to the pooled scores being
insignificant when comparing the effect of
treatment by soft vs. semi-rigid orthoses.’
These findings may be due to the already
small effect that orthoses have in preventing
the progression of foot problems in late
stage RA patients, making it even harder to
differentiate the effectiveness of the various
types of orthoses compared.’ Interestingly,
articles that were analyzed in the literature
review by Frecklington et al. provided
contradicting results in terms of soft vs.
semi-rigid orthoses.!® The majority of
studies from this literature review pointed to
significant improvement in treatment groups
with semi-rigid orthoses, which completely
opposes the findings discussed by Tenten et
al.
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Gijon-Nogueron et al. found that orthosis
did reduce foot pain in patients with RA but
there was no statistical significance. This is
due to the limited sample size in the
analyzed studies and limited sensitivity of
the FFI questionnaire used to collect data.
Other limitations include the different
materials used for the orthosis and the
variation of total time per day use of the
orthosis in the studies analyzed.” Limitations
visible in Reina-Bueno et al.’s study mainly
dealt with an inconsistent experimental
design in terms of the participants chosen.
Randomized groups had an unequal female
to male ratio, with females making up a
staggering 80% of the sample size.!!

The study conducted by Linberg et al.
evaluated the effect of thin, easily
customizable orthotics on pain. A limitation
to this study is that the patients were aware
of when the insoles were being used or not
this could have impacted their subjective
scoring of pain and exertion after the
6MWT. Another limitation would be the
6MWT could not have been a long enough
period of time for the patients to notice a
significant difference in pain and walking
ability. Future studies should include
prefabricated thin insoles vs placebo to
mitigate the patients bias, a more
challenging walking test should be
conducted rather than the 6MWT, and a
larger sample size of a population with
varying degrees of severity of RA.

Ultimately, the study designs that assessed
the validity of orthoses as a treatment for
foot pain and mobility problems in RA
patients all had similar drawbacks in
attaining results. Many articles looked at
immediate results based on a limited sample
size but failed to follow the participants for a
longer period of time to truly gauge the
difference in lifestyle after following the
treatment regimen. Hence, any findings that

deducted one type of orthoses were more
efficient in minimizing foot complications
merely based on immediate effects are
automatically insignificant. Whilst
comparing the progression of RA of
participants in these orthoses’ studies, it was
deduced that participants studied by Linberg
et al. were not severely affected by RA
which makes findings not generalizable to a
more severely affected patient population.
Thus, future studies that aim to compare
different orthoses should keep all other
variables that are of no interest constant, so
the validity of their findings are maximized.
A systematic review solely based on
randomized controlled studies between
comparable ingroups will provide much
more  applicable, and  reproducible
significant findings.

One limitation with the Rheumatoid
Arthritis (RA) search query was that all
pharmacological or biological treatments of
RA of the foot and ankle were not being
included. This could be because the
systematic effects of such treatments no
longer limit the scope to a single region of
the body. Since >90% of patients with
systemic RA report instances of foot pain, it
becomes nearly impossible to isolate
patients with solely RA of the foot and
ankle. This is plausibly a reason why certain
articles cited in this review concentrate more
on systemic arthritis. The conclusions
specific to the foot and ankle in these cases
are inferred and deduced, compared to being
experimentally proven.!3:!4

CONCLUSION

Management of Rheumatoid Arthritis (RA)
is multifaceted, where the patient can elect
to improve overall foot function through a
range of pharmacological and
non-pharmacological interventions.
Systemic biologics, the more traditional
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modality of management, have been proven
to be beneficial for RA associated pain
relief, functional improvement, and to
prevent any further structural damage.
Different injection agents such as hyaluronic
acid have also been shown to improve pain
and foot function in the short term.?
However, this is not considered a first line
alternative, since there is limited evidence
proving its ability to reduce synovial
hypertrophy, which is a predominant
etiology in RA affected joints. Previous
studies have shown PRP injections to be
effective for OA individuals, and weak
evidence shows that it may also be effective
in ankle RA."> On the other hand, footwear
interventions  were also proven to
immediately reduce forefoot plantar pressure
when utilizing soft foot orthotics, as
compared to  semi-rigid  orthotics.’
Additionally, thin customizable insoles
provided immediate relief from
weightbearing-induced ~ forefoot  pain.!?
Findings also show reduced pain in RA
patients with custom-made foot orthoses
compared to insoles; though improvements
in overall foot functionality, disability and
quality of life remain questionable.!!

Clinical remission of RA is achieved when
three separate inflammatory indicators are
within normal limits. These include
lessening the number of painful and swollen
joints, lessening the acute phase reactant
levels in the bloodstream, and measurement
of Patient Global Assessment (PGA).'3
However, the disease impact of RA may still
be felt even during the remission phase. As
RA becomes a more prevalent disease in our
society, the treatment modalities that are
being utilized in clinical practice are gaining
focus. As proven with this literature review,
many of the evidentiary claims from RA
research are by articles that have proven
biases in study design, which casts doubt on
the results. More RCTs and strong evidence

based studies need to be performed in order
to definitively establish a gold standard
treatment that specifically targets foot and
ankle pain and functional disability in RA
affected individuals.
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