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A NOTE FROM THE EDITORIAL STAFF:
Welcome to the 23rd volume of the National Foot and Ankle Review (NFAR), an academic journal
produced by students at the California School of Podiatric Medicine (CSPM) at Samuel Merritt
University. Each article is written by student authors and is peer-reviewed by student editors
throughout the course of the academic school year.
As an editorial team, we thank all the student authors who submitted manuscripts for review. We
wish our fellow students success in their future endeavors and a rewarding lifetime of learning. It
was a pleasure working with you all.
Next, the editorial staff would like to gratefully acknowledge our faculty advisor, Dr. Eric D.
Stamps, for his invaluable guidance and keen editorial eye. We also thank Dr. Albert Burns, the
founder of this journal, for his many years of dedication.
We dedicate this volume of the National Foot and Ankle Review to Dr. Chia-Ding Shih, an advocate for public health, who strives to improve students’ learning by making scientific research
education a vessel for acquiring knowledge and becoming better clinicians.
Finally, thank you for your support and readership of the National Foot and Ankle Review. We are
proud to present the final product of our work this year.
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Efficacy of CO2, Nd:YAG and Pulsed Dye Laser Therapy
for the Treatment of Verrucae Plantaris:
A Literature Review
Kevin Wotring, B.S., Salvatore Fazio, B.S., Isaac Kline, B.S., Zachary Korwek, B.S.
ABSTRACT
Verrucae plantaris (VPL) or plantar warts are a
common pathology encountered by healthcare providers. Plantar warts are notoriously difficult to manage
and treat, often recurring after multiple attempts at
conservative treatment. One newer treatment, laser
therapy, has been shown to be efficacious. This paper
reviews the current literature related to Neodymiumdoped yttrium aluminum garnet (Nd:YAG) laser therapy, CO2 laser therapy and Pulsed-dye laser (PDL)
therapy. The literature suggests that while all three laser therapies may be effective in the treatment of plantar warts, PDL may be the superior option with similar
cure rates, but with the fewest post procedure complications. PDL therapy works by selective photothermolysis, where the laser targets hemoglobin in the dilated vessels at the base of verrucae. This enables the
laser treatment to be selective for verrucae plantaris
with minimal side effects while still maintaining a
high efficacy. Nd:Yag and CO2 lasers are less selective
in their destruction or excision of verrucae plantaris
leading to less tolerable side effects.
INTRODUCTION
Verrucae, commonly known as “warts,” affect
about 10% of the world’s population and have proven
to be difficult to treat due to their underlying pathophysiology and complex nature. 1 Verrucae plantaris
(VPL) is a superficial lesion specifically located on the
plantar aspect of the foot. Patients seek treatment for
VPL mainly because of pain and cosmetic apperences.2 VPL is caused by inoculation of the skin with
human papillomavirus virus (HPV), which causes proliferation of epithelial cells (basal keratinocytes) that
group together to form a characteristic warty papule or
plaque.3,4 HPV is a non-enveloped DNA virus that activates the cell cycle when it invades the basal

keratinocytes.5 During the cell cycle, the viral genome
is amplified and subsequently packaged into infectious
particles, which is mediated by several viral proteins.6
Along with having numerous viral proteins, HPV also
has a vast and diverse genotype. Over 150 different
types of HPV have been completely sequenced and
identified based on variations in their respective genomes.6 In verrucae plantaris, HPV1 is the most common type although numerous other types have also
been identified including, HPV2, -3, -4, -27, -29, -57,
-60, -63, -65, -66 and -69.1,8-10
The ideal condition for HPV is a warm and moist
environment, which helps explain why feet susceptible
to developing VPL.1 Common locations for HPV
transmission are. Areas such as swimming pools and
washing areas are locations that increase the likelihood
of HPV transmission.11,12 VPL can also be transmitted
from direct person-to-person contact or from skin contacting rough surfaces.12 Peak rates of infection can be
found in adolescents, especially in communal living
areas.13 The specific age range of 12 to16 years old appears to have the highest incidence.1 A higher incidence of VPL is also seen in immunosuppressed and
immunocompromised patients.1,2
Because no treatment has been efficacious enough
to be deemed “the gold standard,” treatment options
for VPL are often based on the provider’s preference
and the success of past treatment.14 Common conservative treatment for plantar warts include salicylic
acid and canthrone These options often require multiple treatment sessions.
METHODS
We sought to obtain published articles that studied the treatment of VPL with either neodymiumdoped yttrium aluminum garnet (Nd:YAG) , Pulseddye(PDL) or carbon dioxide (CO2) laser therapy. A
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broad search of PubMed was performed in October of
2020. The following terms were included in the
search: Nd:YAG laser, Pulsed-Dye laser, CO2 laser,
wart, verrucae, plantar, treatment, and therapy. Additionally, the references sections of articles was
searched to find additional articles. An initial 42 publications were found however, we narrowed our search
to use only retrospective studies, prospective studies,
case reports and literature reviews written in English. From these parameters, 30 articles were chosen to
be reviewed. Four authors then independently reviewed the filtered articles and references for each article were checked for completeness.
Nd:YAG LASER THERAPY
Neodymium-doped yttrium aluminum garnet
(Nd:YAG) is a non-ablative laser that targets oxyhemoglobin in the blood, causing rapid heating and destruction of vessels within the dermal layer of the
skin.15 While the destruction of the nutrient vessels
supplying the wart can cause regression of the virus, it
is hypothesized that the hyperthermic effect of the laser may also cause cytotoxicity.16,17 Histologic examination of VPL following laser therapy with Nd:YAG
has demonstrated edematous changes to the papillary
dermis and coagulated capillaries.18
First line treatment of plantar warts customarily involves debridement, cryotherapy, or chemical application. A comparative study revealed that
VPL treated with cryotherapy had HPV DNA in 96%
of specimens, whereas, zero percent of warts had HPV
DNA after being treated with Nd:YAG laser therapy.18
However, there was no significant difference in wart
regression between the two treatment groups.19 Other
studies have compared the use of Nd:YAG to other laser therapies in terms of their cure rate, efficiency, and
complications. El-Mohamady et al. enrolled 46 patients to undergo either PDL or Nd:YAG laser therapy
for treatment of VPL. The skin was examined before
and after laser treatment to record the location, size
and number of warts.20 PDL and Nd:YAG lasers were
shown to have similar cure rates of 73.9% and 78.3%,
respectively (p = 0.87).20 The number of treatment sessions and relapse rates for PDL and Nd:YAG was also
statistically insignificant (p = 0.15). However, there
was a significant difference in the complication rate
between Nd:YAG (43.5%) and PDL (8.7%) with hematoma being the most common complication associated with Nd:YAG (p = 0.002).20 Other minor complications associated with Nd:YAG include blistering,
pigmentary changes, and numbness.15
With regard to using a local anesthetic prior to the
procedure, one study advises against the use of local
anesthetics prior to Nd:YAG treatment because plantar skin and tissue destruction was observed in 40% of

patients who elected to have a local anesthetic and
none of the patients who were not anesthesized.21
PDL LASER THERAPY
The 585-nm Pulsed-dye (PDL) laser therapy has
been shown to be efficacious in the treatment of viral
warts caused by HPV.22,23 PDL works by selective
photothermolysis, where the laser targets hemoglobin
in the dilated vessels at the base of verrucae. This allows the treatment to be selective with minimal scarring. 24
Robson et al. published a randomized prospective
study on the efficacy of PDL versus conventional therapy (CVT) on 35 patients and 194 total warts. In particular, the response of verrucae vulgaris (VV) and
VPL to PDL versus CVT were evaluated. Verruca vulgaris responded significantly better than VPL although
there was not a significant difference between the therapeutic choices. There was a complete response, as defined by the absence of clinically apparent warts and
the reappearance of skin lines, in 70% of patients
treated with conventional therapy and 66% complete
response in patients treated with PDL. Robson et al.
also compared the efficacy of PDL and CVT on recalcitrant warts defined as those that failed previous therapies. Seventy percent of warts were cleared using
PDL and 59% were cleared using CVT. Although
there was a higher percentage of clearance of recalcitrant warts in the PDL group, this difference was not
significant (p-value of <0.05).25
In a randomized, prospective, placebo-controlled,
single-blinded study by Passeron et al., the efficacy of
pulsed-dye laser therapy was evaluated. The PDL
group was treated with a spot diameter of 5mm, pulse
duration of 0.45 ms, and afluence of 9 J/cm2 with 5
passes at 1 Hz. The placebo group was given cooling
pulses. Sixty-four percent of the warts in the pulseddye treated group resolved completely compared to
13% of the warts in the placebo group. This was a significant difference as defined by the p-value being
<0.001.26
In a retrospective study on children with recalcitrant warts, Sethuraman et al.examined the efficacy of
pulsed-dye laser therapy. Sixty-one children were
treated with PDL, 64% of whom had warts for longer
than 12 months. The overall complete clearance rate
was 75% with plantar wart clearance being 69%. The
average number of treatments for plantar warts was 3.5
with an average of 75 pulses given per treatment.27 Statistical significance of these findings were
not defined in this study.
Park and Choi published a prospective, nonblinded, non-randomized study on 120 patients with a
total of 372 warts treated with PDL therapy, with
twenty-six percent of these warts being VPL. Fortynine and a half percent of all warts were cleared and
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47.6% of the plantar warts were cleared. The mean
number of treatments needed for complete remission
was 2.8 with a fluence of 9.5 J/cm2. The results were
determined to not be significant as defined by a pvalue of <0.05.28
Kauvar et al. performed an observational study on
the clearance of warts in 142 patients (728 warts)
which were treated using PDL. Follow up ranged from
three to nine months, with 93% of warts cleared with
an average of 2.5 treatments. They found that VPL had
a lower clearance rate of 84% after an average of 2.8
treatments. There was no significant difference in response rate between three and four laser pulses given
per treatment as defined by a p-value of <0.05.22
Jain and Storwick published a case series on the
efficacy of PDL therapy on a total of 97 VPL. Patients
were treated with a pulse duration of 450 microseconds and a spot diameter of 5.0 mm. The fluence
ranged from 8.1-8.4 J/cm2. Four regions of the plantar
foot were evaluated for the efficacy of PDL treatment. On the plantar toes the mean clearance was
95.6% after an average of 2.4 treatments over 5.2
weeks. In the metatarsal region, there was a mean
clearance rate of 91.0% after an average of 2.5 treatments over 5 weeks. In the arch of the foot, there was
a mean clearance rate of 100% after an average of 2.5
treatments over 5.2 weeks. In the plantar metatarsal
phalangeal joint areas, there was a mean clearance rate
of 94.0 percent after an average of 2.8 treatments over
4.8 weeks. The clearance rate was not statistically different between the four plantar regions as the p-value
was 0.634.23
CO2 LASER THERAPY
Carbon dioxide lasers, which use a focused infrared beam to target intra and extracellular water, causing non-selective tissue destruction, have long been
used in dermatology to treat many skin conditions.2
CO2 lasers can be used in either an ablative or scalpel
like manner to excise or destroy tissue.29 Several studies have been published on the efficacy of CO2 laser
ablation, with successful removal and treatment of recalcitrant warts ranging from 48% to 100%.29 However, CO2 lasers also have potential side effects and
treatment barriers. Complications include postoperative contracture of the skin, scarring, hypertrophic
scarring, and pain.30 Deep postoperative wounds on
the plantar aspect can be difficult to repair and are often painful with weightbearing.30 In addition, CO2 laser application and treatment require the use of personal protective equipment by the operator and by the
patient, as CO2 laser produces a plume of microcellular
debris during application.2,29
A study by Oni et al. focused on complete clearance of plantar warts using a CO2laser. Their study
also included a post-operative questionnaire. In this

study, a 1mm focused beam at 8 to 25 watts was used
as a “bloodless” scalpel to excise lesions of 22 patients
with 55 lesions on the plantar aspect of the foot. The
wound was then cauterized using several passes with
an unfocused beam. The wounds were treated utilizing a mupirocin 2% ointment and semi-occlusive
dressing. Four days after treatment the patients returned for a dressing change. Patients were then seen
for recurrent visits for an average of a 30-month period. Fifty-four and a half percent of patients had complete clearance of warts after one treatment. 29 Of the
remaining 10 patients, 9 patients had complete clearance of warts after a second treatment.29 A p-value of
<0.05 was used to determine statistically significance.
All 22 patients participated in the questionnaire to help
determine the severity and frequency of postoperative
complications. On average, patients rated their pain as
a 2.5/10 and 92.9% of patients rated their pain as a
5/10 or lower.29 Eighty-six-point four percent of patients required additional dressing changes for their
postoperative site for a mean of 2.15 weeks.29 Thirtythree-point three percent of patients required time off
from work, with an average time of two weeks. In total, 46.7% of patients had scarring; however, 100% of
patients felt their scarring was acceptable given the
procedure that had been performed.29
Another study by Mitshishu et. al evaluated the
efficacy of using CO2 lasers to excise recalcitrant
warts with the application of artificial dermis to reduce
the formation of scarring or hypertrophic scarring. This study included 31 patients with 35 lesions
on the plantar aspect of the foot, with the duration of
the lesions being present from six months to 10
years.30 The laser energy was set from 8 to 10 watts,
with a pulse duration of 300 to 400 microseconds and
a spot size of 2mm. VPL were then excised, leaving a
1mm margin around the wart. The postoperative area
was then covered with an artificial dermis using nylon
sutures and antibiotic ointment. Sutures were then removed after 10 days. After a 3 to 10 month period,
samples of the upper epidermis were taken and analyzed using PCR to determine clearance rates. Successful treatment was defined as no detectable HPV
DNA in the upper levels of the epidermis using PCR
analysis and as well as the absence of hypertrophic
scarring, infection, and tenderness.
Thirty-one of 35 lesions (88.6%) had complete
clearance after a single treatment.30 Four of the 35 lesions recurred, but occupied less than 50% of their
original size.31 When patients were re-evaluated at
three months post-treatment, only patients with visible
recurrent lesions presented with HPV in the upper epidermis as identified by PCR.30 The authors stated that
due to the application of artificial dermis over the postoperative site, no patients had hypertrophic scars,
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painful or severe infection, or severe tenderness over
the site.
10.
CONCLUSION
Treatment of VPL can be challenging. However,
Nd:YAD, PDL and CO2 lasers offer a treatment
method for recalcitrant warts that have been unresponsive to the usual therapies. In this review, we have
found that each laser therapy offers a unique set of attributes to manage VPL. All three methods have similar efficacy, with PDL having a lower rate of post procedure side effects.
It is important to note that these therapies fail to
address the transmission of HPV. Additionally, all
three laser therapies had negative side effects associated with their therapeutic use. Both Nd:YAG and
CO2 lasers were shown to cause pain, hematoma, scarring and other lesions, while sometimes requiring local
anesthetic. Although less serious side effects were
noted with PDL, more therapeutic sessions were required.
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Literature Review: A Comprehensive Review of Endoscopic
Plantar Fasciotomy in
Treating Chronic Plantar Fasciitis
Andrew Dong, B.S, Samantha Quesada, B.S, Gloria Camacho, B.S, Abinav Leva, D.P.M.
ABSTRACT
Plantar fasciitis is the most common etiology of
infracalcaneal heel pain. Patients, who are still symptomatic after months of conservative treatment, may
be offered surgical intervention. One surgical intervention, Endoscopic Plantar Fasciotomy (EPF), is a
minimally invasive technique that has been used to
treat chronic plantar fasciitis. However, the evidence
supporting the use of EPF is insufficient as few highlevel studies have been conducted to validate the efficacy of this procedure. Nonetheless, there is literature
showing that EPF may be superior to a traditional open
plantar fasciotomy with less postoperative pain, faster
return to function, and overall higher patient satisfaction. Moreover, the efficacy of EPF may also be
greater compared to other surgical options such as cryosurgery and radiofrequency microtenotomy. In addition, gastrocnemius equinus can result in compensatory pronation of the subtalar joint, which disrupts the
Windlass mechanism and hence increases tension on
the plantar fascia leading to inflammation. Few studies
have evaluated the outcomes between EPF and gastrocnemius recession in treating plantar fasciitis developing from gastrocnemius equinus. While the most efficacious procedure is yet to be determined, there is
evidence in recent literature to support performing
both EPF and gastrocnemius recession in conjunction
for the most optimal results in parameters such as
functionality and pain relief.
INTRODUCTION
Plantar fasciitis has a relatively high incidence
rate, affecting one in ten people throughout their lifetime.1 The etiology of plantar fasciitis is not yet fully
understood, but it is generally thought to be caused by
degeneration of the central band of the plantar fascia,
manifesting as a non-radiating stabbing pain at the
proximal medial plantar surface of the heel.2 Plantar

fasciitis is a consequence of chronic microtrauma due
to attenuation of the fascia and traction placed on its
insertion at the medial tubercle of the calcaneus. For
example, overpronation of the subtalar joint disrupts
the Windlass mechanism and increases tension on the
plantar fascia. As a result, excessive strain on the plantar fascia eventually leads to inflammation and degeneration.2
Conservative treatment of plantar fasciitis succeeds in 90% of patients.3 If at least six months have
passed and the patient has failed most conservative
treatment measures including calf stretching, heel lifts,
functional orthoses, casting, taping, injections, footwear changes and activity modification, then surgical
treatment may be considered. One surgical option, Endoscopic Plantar Fasciotomy (EPF), is less invasive
than other surgical procedures.4 However, the efficacy
of EPF has not been well established. The goal of this
paper is a review of EPF, and to provide a comparison
with other surgical treatments for chronic plantar
fasciitis.
EPF INTRODUCTION AND SURGICAL
TECHNIQUE
Introduction
Endoscopic Plantar Fasciotomy, a minimally invasive surgical treatment for chronic plantar fasciitis,
was initially described by Barrett et al.4,5 EPF is considered appropriate for most patients. However, it is
not indicated for those with infection, peripheral arterial disease, or comorbidities that may compromise
surgical safety. Other underlying conditions such as
tarsal tunnel syndrome should also be addressed prior
to surgery because present neurological symptoms
could worsen due to postoperative changes to the surrounding structures.4,5
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Surgical Technique
Prior to surgery, a non-weight bearing lateral view
of the foot is needed to determine the point of incision,
which is located immediately anterior and inferior to
the medial calcaneal tubercle.4,5 After the stab incision
is made, careful blunt dissection is used to access and
isolate the central band of the plantar fascia from the
subcutaneous fat. A fascial elevator is inserted across
the plantar fascia to create a channel for the assembly.
The endoscopic assembly is then installed through the
channel until the tip of an obturator can be palpated
laterally underneath the skin. A lateral incision is made
such that the assembly passes completely through the
soft tissue. An endoscope is then introduced through
the medial portal while a blade is placed through the
lateral portal. With the endoscopic system in place, the
central band of the plantar fascia can be identified. A
13.5 mm transection from the medial aspect of the
plantar fascia is adequate to complete a medial onethird release of the plantar fascia. After confirming the
success of the procedure with no damage to the surrounding structures, the endoscopic system can be removed. Sufficient skin closure of the entry portals can
be achieved with a simple interrupted suture.4,5
EPF OUTCOMES
Patients who undergo EPF have been shown to
have quicker functional recovery and less pain postoperatively compared to the traditional open approach. In
a retrospective study published in 2016, Chou et al.
compared functional outcomes of Endoscopic Plantar
Fasciotomy (EPF) to Open Plantar Fasciotomy
(OPF).6 The study included a total of 42 feet (38 patients) with 28 feet in the OPF group and 14 feet in the
EPF group. The two groups were demographically
similar; however, patients in the OPF group were more
likely to have undergone concurrent surgeries such as
heel spur recession and radiofrequency microtenotomy. Data was collected pre-operatively, and at the 3,
6, and 12-month periods. Authors evaluated functional
outcomes using the American Orthopaedic Foot and
Ankle Society (AOFAS) Hindfoot scale, which objectively measures the functionality of the foot and ankle,
in conjunction with postoperative pain evaluation using the AOFAS Visual Analog Scale (VAS) Pain
score. In addition, the authors collected results from
the SF-36 Health Survey (SF-36), which primarily assesses patients’ quality of life after surgery. Preoperatively, both groups exhibited similar baseline values of
both the AOFAS Hindfoot scale and VAS Pain score
with p-values of 0.385 and 0.164 respectively. Patients
in the EPF group demonstrated a significant improvement in the AOFAS Hindfoot Scale (p-value = 0.044)
while having a significant reduction in VAS pain score
(p-value = 0.0049) compared to the OPF group as soon
as 3-months postoperatively. At both 6-month and 1-

year follow-ups, the EPF group still showed a greater
AOFAS Hindfoot scale score and a lower VAS pain
score although these differences were not statistically
significant. Additionally, the study also found that patients undergoing EPF generally had greater satisfaction after their surgery and experienced a better quality
of life (p-values < 0.05). Based on these results, treating plantar fasciitis using the endoscopic approach
leads to a significant improvement in functionality
with significantly less pain experienced postoperatively in the early recovery period while achieving
similar long-term efficacy (up to 1-year) compared to
the traditional open plantar fasciotomy. However, the
study only followed the patients for one year and did
not account for long-term complications such as recurrence rate.6
In 2019, Johannsen et al. evaluated the efficacy of
EPF in treating chronic plantar fasciitis.7 In the study,
a cohort of 11 patients were treated with EPF and followed up at 3, 6, and 12 months postoperatively. Functional outcomes were evaluated using the Foot Function Index (FFI), which contains items from 3 primary
categories: foot pain, functionality, and disability. A
decrease in FFI value indicated a reduction in foot and
ankle disability. In addition, VAS-score was also used
as a metric to quantify post-operative pain. Consistent
with results reported by Chou et al, patients experienced a significant reduction in FFI value as early as
the 3-month period post-operatively (p-value = 0.003),
and the reduction remained significant at the 12-month
period (p-value = 0.004). Similarly, VAS-scores were
also significantly reduced at 3-months follow-up (pvalue = 0.003) and at 12-months follow-up (p-value <
0.001) compared to preoperative values. The authors
concluded that patients undergoing an endoscopic
plantar fasciotomy may have a shorter functional recovery while experiencing less pain postoperatively.
Although the results were promising, the study was
limited by a small sample size and the absence of a
control group. However, the results from this recent
study reinforced previous conclusions supporting EPF
as an effective surgical treatment for plantar fasciitis.7
In a retrospective comparison between 38 patients
who underwent endoscopic plantar fasciotomy and 38
patients who underwent open release fasciotomy with
heel spur resection, authors Tomczak and Haverstock
found a significant difference in the average time required for patients to return to work.8 The open plantar
fasciotomy with heel spur resection group had a mean
return to work time of 84 days with a 61-day standard
deviation, while an equal number of endoscopic patients had a mean return to work time of 29 days with
an 8-day standard deviation (p-value < 0.001). The results suggested that patients undergoing EPF may be
able to return to normal activity earlier than patients
undergoing the traditional open approach. However, it
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is important to note that recovery time can vary depending on the individual and their comorbidities.8
EPF
VERSUS
OTHER
SURGICAL
TECHNIQUES
Alternative surgical treatment for plantar fasciitis
includes radiofrequency microtenotomy, ProximalMedial Gastrocnemius Release, and cryosurgery. 9-13
In a study published in 2015 examining EPF vs. radiofrequency microtenotomy, Chou et al. compared a
group of 27 feet (27 patients) that had undergone EPF
to a group of 55 feet (48 patients) that had undergone
radiofrequency microtenotomy.9 Nine additional patients had undergone both EPF and radiofrequency microtenotomy simultaneously. Patients were assessed
on multiple scales including VAS, HINDTOT (a
measure of hindfoot functionality), and SF-36. No significant difference was found when comparing VAS,
HINDTOT, or SF-36 averages (SFAVG) between the
EPF group and the radiofrequency microtenotomy
group. However, patients within the radiofrequency
microtenotomy group were significantly more likely
to have undergone an additional invasive procedure
than the EPF group and the combined EPF with radiofrequency microtenotomy group (p-value < 0.05).
Chou et al. determined EPF produces the same efficacy in treating plantar fasciitis as radiofrequency microtenotomy.9 A disadvantage to this study is a lack of
sample size.
Another procedure for the treatment of plantar
fasciitis is Proximal-Medial Gastrocnemius Release
(PMGR). In a retrospective review published in 2013
comparing 30 EPF (30 patients) versus 30 isolated
PMGR surgeries (30 patients), Monteagudo et al. reported that PMGR results in greater patient satisfaction.10 The study observed a reduction within both
groups in the Visual Analog Scale (VAS), an increase
in AOFAS scores, and improved postoperative Likert
scale ratings, a metric used to quantify patient satisfaction. The authors found the PMGR group returned to
weight-bearing at an average of one week while the
EPF group returned to weight-bearing at four weeks.
Additionally, the time before returning to activity was
longer in the EPF group with an average of 12 weeks,
while the PMGR group returned earlier at an average
of three weeks.10 Because the results were not compared nor statistically evaluated for significance, it is
uncertain if PMGR can achieve significantly greater or
longer-lasting benefits compared to EPF. Potential
complications including biomechanical changes and
recurrence rate were not discussed. In addition, there
is an inadequate amount of literature comparing the efficacy of EPF to PMGR in treating plantar fasciitis.
Hence, the debate over which technique is more beneficial is still under discussion.

In 2013, Bolivar et al. found a significant relationship between the presence of plantar fasciitis and tension within the posterior muscle group.11 Citing this
relationship, Mulhern et al. in 2018 examined a combination treatment of EPF with gastrocnemius recession.12 In a retrospective study, 25 feet (23 patients)
diagnosed with both gastrocnemius equinus and
chronic plantar fasciitis underwent EPF both surgeries
simultaneously. The primary endpoints in this study
were pain post-surgery and range of motion at the
hindfoot in degrees of inversion, eversion, plantarflexion, and dorsiflexion. Patients reported reduced pain,
and the investigators identified improved dorsiflexion
and eversion ROM post-surgery (p ≤ 0.001, p ≤ 0.001,
and p =0.001 respectively). Mulhern et al. suggested
that while EPF alleviates the symptoms of plantar
fasciitis, symptoms can persist if gastrocnemius equinus is present. The authors recommended plantar
fasciotomy in conjunction with gastrocnemius recession surgery for the most optimal results instead of
performing EPF in isolation in patients with both plantar fasciitis and gastrocnemius equinus.12
In a prospective randomized trial published in
2020 comparing EPF to Cryosurgery (CS), Catal et al.
found that EPF patients had higher patient satisfaction
and higher AOFAS Ankle Hindfoot scores starting after 3-months postoperatively.13 Forty-eight patients,
who presented with symptoms lasting more than six
months and had exhausted at least three conservative
treatments, were randomized into the EPF group or the
CS group. Patients with comorbidities were excluded
from the study and both groups were similar in demographics. Preoperative radiographs were obtained
to screen for preexisting conditions. AOFAS-AHS
scores were recorded pre-operatively at three weeks,
three months, six months, and one year postoperative.
Patient satisfaction was assessed using mean values
from the Roles-Maudsley scale, where outcomes of
“excellent” and “good” were deemed satisfactory and
outcomes of “fair” and “poor” were unsatisfactory.
While no significant differences between EPF and CS
were found in AOFAS-AHS scores at three weeks and
three months (p-value = 0.29 and p-value = 0.38, respectively), at the six-month and one-year postoperative point, the mean AOFAS-AHS scores were determined to be significantly higher in EPF than CS (pvalue = 0.006 at 6 months; p-value = 0.005 at 1 year).
Additionally, after one year, patient satisfaction scores
based on the Roles-Maudsley scale were found to be
significantly greater in EPF than in CS (p = 0.029).
Catal et al. concluded that EPF was associated with
superior results and patient satisfaction compared to
CS starting after three postoperative months.13
Despite positive outcomes for these surgical alternatives, higher levels of evidence are needed including
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randomized controlled trials to determine the longterm efficacy of these procedures.9,10
7.
CONCLUSION
Most cases of plantar fasciitis can be successfully
treated conservatively. Surgical intervention is only
indicated for patients who fail conservative treatment.
Because most EPF studies are small, there is currently
a lack of evidence to strongly recommend EPF. However, there is evidence to show that patients experience
less pain postoperatively with a shorter recovery time
compared to alternate surgical treatments such as open
plantar fasciotomy, radiofrequency microtenotomy,
and cryosurgery in treating plantar fasciitis. Although
the debate between EPF versus PMGR as isolated procedures remains up for discussion, a recent study supports performing EPF in conjunction with PMGR to
achieve desirable results in patients with both chronic
plantar fasciitis and gastrocnemius equinus. Hence,
endoscopic plantar fasciotomy is a surgical treatment
worthy of further investigation for the treatment of
chronic plantar fasciitis.
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ABSTRACT
Osteochondral lesions of the talus (OLT) may limit
range of motion, cause pain, and may be difficult to
treat. Osteochondral lesions are classified based on the
Berndt and Hardy classification system and treated according to severity. Conservative treatment is the first
step in treating lesions of the talus unless the severity of
the defect indicates surgery. When conservative treatment fails or when the lesion is severe, several surgical
options are available, including lesion excision, curettage with lesion excision, bone graft transfer into the
defect, antegrade drilling, and retrograde drilling. Retrograde drilling (RD) of the talus allows for minimally
invasive repair of the subchondral bone while protecting the healthy hyaline cartilage. The popularity of RD
has increased as it is a minimally invasive technique
compared to antegrade drilling. This review analyzes
the technique of retrograde drilling, and focuses on why
this procedure should be favored over other surgical options.

INTRODUCTION
OLT are a common comorbidity of traumatic ankle
injury in adults.1 OLT may also present in children,
however, the etiology may be unknown. These lesions
can cause pain, swelling, and loss of range of motion in
the ankle joint. OLT have been diagnosed using various
approaches. For treatment, recent literature has favored
retrograde drilling procedures.
OLT are graded with different classification systems based on the imaging used. The classification system most often used is Berndt and Harty, which is based
on X-ray findings.1 While magnetic resonance imaging
(MRI) and computed-tomography (CT) are primarily
used in diagnosing OLT today, modifications of the
Berndt and Hardy classification system are used in conjunction with CT and MRI.2 The Berndt and Hardy
classification system has four grades (Table 1).

Table 1. Berndt and Hardy Classification
Stage I
There is a small area of compressed subchondral bone
Stage II
Partially detached osteochondral fragment
Stage III
Complete detachment of osteochondral fragment without displacement
Stage IV
Complete detachment and displacement of osteochondral fragment

RD of the talus is primarily reserved for grades III
and IV lesions and grade I and II lesions that have failed
conservative treatment.14
Treatments of OLT range from conservative to surgical. Surgical approaches to treating OLT include antegrade or RD. The goal of drilling is to promote revascularization and bone healing. Some surgeons favor RD
because it is less invasive compared to an antegrade

approach.4,5 An antegrade approach requires going
across the medial malleolus through intact cartilage.
This is anatomically important in children as the
drill will cross over the epiphyseal plate. This review
examines why RD is the preferred surgical procedure
over anterograde drilling.
RETROGRADE DRILLING TECHNIQUES
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RD has been primarily used for symptomatic OLTs
that have failed conservative intervention.3 RD allows
for the drill to bypass the cartilage and allows for separation of the lesion from the talus.1 In contrast, antegrade drilling has less accessibility and the Kirschner
wire must run through the medial malleolus.3 A systematic review conducted by Dahmen et al. found that
eighty total ankles undergoing the RD technique
yielded a 68 to 100% success rate. 7 An American Orthopedic Foot and Ankle Society (AOFAS) score of 80
or above was used to determine if was successful, with
a higher score indicating a better outcome.
The success of RD requires good technique. Accurate placement of the drill onto the osteochondral defect
of the talus is difficult, with some studies reporting failure rates as high as 20%.8 One of the technical challenges associated with proper placement of the drill is
using two-dimensional images to identify the lesion in
a three-dimensional space. Recent studies demonstrate
better results with RD accompanied by arthoscopy,
fluoroscopy, and magnetic resonance imaging or an
electronavigation system.9,10,12 These accompanied procedures enable more precise placement of the drill into
the talar dome, allowing the ankle to be observed in
multiple planes.
An antegrade transmalleolar approach requires
Kischner wire placement proximal to the medial malleolus.11 This approach may injury normal cartilage due
to its transmalleolar orientation.4 In a study by Kono et
al., the efficacy of RD versus antegrade drilling was
compared in 30 patients, with 19 patients in the antegrade group and 11 patients in the RD group. In this
study, there was no significant difference found between the two groups, as both yielded an improvement
in pre-operative and two-year postoperative AOFAS
scores (P = .8122).
A second study by Kim et al., focused on five patients ranging from 20 to 43 years old, with four males
and one female. The patients were retrospectively reviewed for complications with an antegrade transmalleolar drilling technique. They reported that Kischner
wire insertion may have injured surrounding cartilage,
resulting in a poor outcome.11 The authors mentioned
that in addition to cartilage injury, it may be difficult to
control the drill once it hits the surface of the bone as
there is greater distance that the drill must pass to reach
the OLT. Resistance of the talus to the drill also causes
an increase in cortical bone temperature, which may
lead to heat induced osteonecrosis. While the threshold
temperature for bone injury is disputed, Bonfeld et al.
reported that irrigation of the bone is an important to
reduce temperature and to prevent heat-induced osteonecrosis.13 Factors including synovial joint fluid leakage, microtrauma, cortical bone resistance, and heat induced osteonecrosis may lead to iatrogenic cyst formation.

OSTEOCHONDRAL LESIONS IN CHILDREN
A study by Reilingh et al. suggests that children
will eventually require surgery for treatment of OLT. In
their study, 37 children (1 to 12 years) with OLT were
enrolled and initially began a six-month course of conservative treatment. By the end of the study, 92% of the
children had to undergo surgery to relieve their OLT
symptoms.6 Another study by Reilingh et al. demonstrated that out of 24 patients under the age of 18 years,
non-operative treatment was successful in only 42%,
with the rest undergoing surgical repair via RD.5 These
two studies suggest that conservative treatment should
only be considered briefly before attempting to surgically repair an OLT in children.
Other studies support the surgical approach of OLT
repair in children. In a retrospective study by Letts et
al., 48 pediatric patients required surgery after failed
conservative treatment. The surgical procedures compared were RD (22 out of 48 patients), bone graft (11
patients), loose fragment excision drilling (11 patients),
and reduction and fixation drilling (4 patients). In this
study, 17 patients (77%) had excellent results post-operatively, characterized by occasional symptoms with
no loss of function; 5 (23%) as fair results, characterized by decreased symptoms with persisting pain.5 In a
separate study by Minokawa et al., RD was recommended over antegrade drilling in children as anterograde drilling was more likely to damage the epiphyseal
plate.3 The study looked at eight children who underwent RD. Seven of the eight patients at the final follow
up visit had occasional symptoms, but no disabling
pain.
CONCLUSION
The Berndt and Hardy classification system is a
tool that should be used to classify OTL to improve
treatment.1 OTLs should initially be treated conservatively, followed by surgery if conservative measures
fail. Retrograde drilling is efficacacious and is considered less invasive compared to other surgical procedures.
There are a few limitations of the OTL literature.
One limitation is the small number of randomized control studies evaluating the efficacy of RD. Additional
studies of both antegrade and RD procedures could further validate the efficacy of one procedure over another.
A second limitation would be experience of the surgeon. Surgeons may have different approaches and
post-operative protocol for the same procedure. Limiting the number surgeons could help solve for any confounding variables such as early weight bearing, and
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physical therapy intervention. Standardization of operative procedure and postoperative care could reduce
confounding variables surrounding the success and failure rates of RD and the antegrade procedure. A final
limitation is the lack of published long-term results of
patients with OLT who have undergone RD.
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ABSTRACT
Hyaluronic acid has been used for treating many
foot and ankle pathologies with favorable results. Hyaluronic acid is especially promising in treatment of ankle joint osteoarthritis, chronic foot wounds, Achilles
tendinopathy, plantar fasciitis and acute gout. Hyaluronic acid treatment has complications including local
injection site pain, swelling, aseptic acute arthritis, and
septic arthritis, however, the complication rate is low.
The use of hyaluronic acid in several diseases of the
foot and ankle merits further study.
INTRODUCTION
Hyaluronic acid (HA) is a mucopolysaccharide that
is present in nearly all living organisms. It is highly conserved with little to no variation between species and is
considered “immuno-neutral” with low risk of cross reactivity.1 HA is synthesized by hyaluronan synthase
which links D-glucuronic acid and D-N-acetyl-glucosamine. The disaccharide is repeated 10,000 times to form
its final product. Thus, HA is a high molecular weight
glycosaminoglycan, which is the major component of
extracellular matrix.2
HA was first discovered and described in the literature by Karl Meyer and John Palmer in 1934 when
they extracted the compound from the vitreous humor
of cow eyes.3 Since its first medical application in ocular surgery as a vitreous humor substitute, HA has been
adopted by a many medical specialties to treat many
different pathologies.2 It has been shown to successfully treat osteoarthritis of the knee and hip by decreasing pain and slowing the disease progression; as well as
decreasing the healing time of wounds in burn victims.4,5 It has even been used in cosmetic surgery as dermal fillers to treat facial lines and wrinkles.6
HA has recently been used in podiatry to treat various pathologies. This paper reviews the current

literature on HA’s role in the treatment of osteoarthritis
in the ankle joint, chronic foot ulcers, tendinopathies,
plantar fasciitis, gout, and intermetatarsal (Morton’s)
neuroma.
METHODS
A literature review was conducted searching two
online databases, PubMed and Google Scholar. The articles chosen ranged from the year 1996 to 2020. The
key terms included in the search were hyaluronic acid
and the topic for each pathology mentioned below.
They included, but were not limited to: osteoarthritis,
ankle joint, chronic foot ulcers, neuropathic, venous,
Achilles, tendinopathy, plantar fasciitis, gout, Morton’s
neuroma, and complications. The inclusion criteria
were that the research had to be specific to treatment
modalities of the foot and ankle. If the article included
multiple anatomical locations, data from other areas of
the body were excluded from analysis. The inclusion
and exclusion criteria were broad due to the limited
availability of literature on this topic related to the
lower extremity.
OSTEOARTHRITIS OF THE ANKLE JOINT
HA has multiple properties that may delay the progression of osteoarthritis (OA). First, it is a main component of joints and synovial fluid. HA absorbs shock
and lubricates the joint space to protect cartilage from
damage. Second, HA suppresses pro-inflammatory mediators and cytokines responsible for degradation of
cartilage. Third, HA decreases the activity of polymorphonuclear leukocytes which also play a role in cartilage degradation. Last, HA works as an analgesic by
decreasing the hyperalgesia associated with OA.7
Two prospective studies looked specifically at the
use of HA in the ankle joint for the treatment of OA
(Table 1).8,9 Mei-Dan et al. used a Visual Analog Scale
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significant.8 Sun et al. found similar results with improvement in an Ankle Osteoarthritis Scale (AOS), a
disease specific self-assessment.9

(VAS) to compare pain and functional disability from
pretreatment to posttreatment. The average VAS score
related to pain decreased from 5.29 to 3.05, and the average VAS related to functional disability decreased
from 5.61 to 3.33. Both measures were statistically

Table 1. Summaries of osteoarthritis of the ankle joint studies
Author (year)
n
Inclusion CriNumber of
teria
injections

Scoring

Ankle Joint
ROM (degrees)

Follow-up
length (weeks)

Mei-Dan et al8
(2010)

16

Kellgren-Lawrence II - IV

5

VAS*

+15*

32

Sun et al9
(2006)

75

Kellgren-Lawrence I & II

5

AOS*

+1.8

26

Abbreviations: VAS, visual analog scale; AOS, ankle osteoarthritis scale; ROM, range of motion.
* Statistically significant.
Ankle joint range of motion was also assessed in
both studies, however, the results differed. Mei-Dan et
al. reported a higher average increase in ankle joint dorsiflexion, which may be related to a smaller sample size
than Sun et al. In addition, Sun et al. found that 15 patients had no improvement in ankle joint range of motion while Mei-Dan et al. did not disclose if any patients
had no improvement. Therefore, the significant increase in sagittal range of motion may be exaggerated.
The differing inclusion criteria should also be
noted. Sun et al. only included mild to moderate osteoarthritis in their study while Mei-Dan et al. included severe joint degeneration.
A meta-analysis, which included randomized controlled trials, comparative studies, and prospective studies, explored the efficacy of HA therapy for the treatment of ankle joint OA. The study showed that an increased number of HA injections was directly
proportional to pain relief.10 This can be a result of pain
relief experienced from the injection process itself. In
addition, there was no correlation between the amount
of HA injected and pain reduction. Chang et al. suggest
that because the ankle joint is relatively small, the increase in volume will have a negative impact on symptoms.10 High molecular weight preparations of HA
were found to have no impact on efficacy as had previously been thought. Chang et al. speculate that the high
molecular weight preparation may have more difficulty
diffusing through the synovial extracellular matrix.10
The meta-analysis had limitations such as the low number of studies included and the heterogeneity of the
study methods. However, they concluded that multiple
injections, appropriate volume per dose, and correct
preparation are important factors that the clinician

should be mindful of when treating patients with OA of
the ankle joint.10
Although hyaluronic acid injections are only FDA
approved for treatment of OA of the knee, the literature
available suggests that HA injections in the ankle joint
provide pain relief and improve function.11
CHRONIC FOOT ULCERS
HA is important in the early wound healing process. HA is distributed as the initial meshwork of extracellular matrix, which is later replaced and destroyed.
The byproducts of HA degradation subsequently stimulate angiogenesis by bringing nutrients to the wound
bed.12 Additionally, HA stimulates cholesterol synthesis, proliferation, and differentiation of keratinocytes
which contribute to the ability of the epidermis to function as a permeability barrier and maintain homeostasis.
HA’s use in wound healing is well established.
Voigt et al. conducted a meta-analysis of the effect of
HA on the outcomes of burns, surgical wounds, and
chronic wounds. The authors concluded that HA decreases the size of wounds and time to heal compared
with other wound care methods. They also determined
that the amount of HA used was indirectly proportional
to the time to heal.5
There are several other studies using HA to treat
chronic lower extremity wounds. Two studies measured the efficacy of HA in reducing the size of chronic
venous stasis ulcers in the lower leg (Table 2). Both Ortonne and Humbert saw a significant reduction in lesion
size compared to baseline values. Ortonne et al. saw a
surface area reduction of 51.9% after three weeks14 and
Humbert saw a 74% decrease after 15 weeks in patients
treated with HA.15 Both authors mentioned their control
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group treatments were effective at treating venous stasis ulcers, but at a slower rate.
Two studies that used HA in the treatment of neuropathic ulcers were also analyzed (Table 2). While
You et al. used an autologous fibroblast-hyaluronic acid
complex graft, Lee et al used Healoderm (HA infused
dressing). Eighty-four percent of the patients treated
with the graft-HA complex completely healed their
wounds in an average of 36.4 days.16 Similarly, 84.6%
of the patients treated with Healoderm completely
healed their wounds in an average of 21 days.17 The percentage of completely healed ulcers is almost identical,

while the average time to heal favors the HA infused
dressing. It is possible the difference may be attributed
to the number of dressing changes. The graft-only patients had their dressing changed once a week; however,
patients treated with Healoderm had dressings changed
up to three times per week. The increased frequency of
dressing changes can introduce more HA into the ulcer,
which promotes a faster healing time. Regardless of
which method is more efficacious, both authors support
the use of HA in the treatment of diabetic foot ulcers.

Table 2. Summary of chronic foot ulcer studies
Author (year)
Type of ulcer
n

Comparison

Outcome measures

Ortonne et al14 (1996)

Venous

50

Dextranomer

Humbert et al15
(2012)

Venous

89

Neutral gauze pad

You et al16 (2014)

Neuropathic

53

Polyurethane
foam dressing

Lee et al17 (2016)

Neuropathic

25

Polyurethane
foam dressing

Surface area*, sclerous
edges, epidermized
edges, budding zone
Wound size reduction
percentage*, complete
wound healed percentage*
Complete wound healed
percentage*, time to
heal*
Complete wound healed
percentage*, time to
heal*

Follow-up
length
(weeks)
3

15

12

12

* Statistically significant
According to the studies above, HA is indicated in
the treatment of chronic foot ulcers.
ACHILLES
TENDINOPATHIES
AND
RUPTURES
As previously discussed, HA is a lubricant within
synovial fluid.7 Supplemental HA can also benefit extrasynovial tendons by decreasing surface friction, enhancing gliding mechanism, and preventing adhesion
formation.18 Two studies were analyzed that explored
HA injections for treatment of Achilles tendinopathy
(Table 3). The results of both studies demonstrate a reduction in pain following HA treatment. Kumai et al.
only followed up with their patients after 7 days while
Folgi et al. assessed scores for 54 days post injection.19,20 Folgi et al. were able to determine the longterm effects of HA treatment because VAS scores related to pain continued to decrease past the one-week

mark. Not only did Folgi et al. assess subjective findings, they also observed objective changes to the Achilles tendon as well. They measured tendon thickness and
neovascularization with ultrasound imaging and
Power-Doppler imaging respectively.20 It has been
shown that increased neovascularization of the Achilles
tendon is associated with increased pain, while increased thickness of the Achilles tendon is associated
with increased risk of ruptures and clinical symptoms.21,22 Tendon thickness and neovascularization,
measured with ultrasound and Power Doppler imaging
respectively, showed decreased values.20 Although the
sample size was small and there was a lack of a placebo
group, HA injections seem to provide short term pain
relief and physiological changes warranting its use in
the treatment of Achilles tendinopathy.
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Table 3. Summary of Achilles tendon studies
Author (year)

Study type

n

Injection
guide

Comparison

Kumai et al19
(2014)
Folgi et al20
(2017)

Prospective
human trial
Prospective
human trial

16

NA

NA

34

Ultrasound

NA

Liang et al23
(2013)

Animal
study

96

NA

Tenocyte +
HA, saline

Scoring

VAS
*
VAS
*

NA

Outcome
measures

Follow-up
length
(days)
7

NA
Tendon thickness*, neovascularization*

54

Mechanical,
functional,
histological
status

21

Abbreviations: VAS, visual analog scale; NA, not applicable; HA, hyaluronic acid
* Statistically significant
From the current literature it can be seen that HA
plays an important role in pathology and pain associated with Achilles tendinopathy. There is strong evidence to support the use of HA injections to decrease
acute Achilles tendon pain and to improve function.
PLANTAR FASCITIS
Two recent studies have investigated HA for treatment of plantar fasciitis with differing results. This first
randomized clinical trial included 166 patients who
Table 4. Summary of plantar fasciitis studies
Author
Study Type
n
Comparison
(year)
Kumai T el
randomized,
166
High molecular
al24 (2017)
double-blind
weight HA
placebo-conLow Molecular
trolled trial
weight HA
Control
Raeissadat et
al25 (2020)

triple-blind,
randomized,
clinical trial

75

High molecular
HA and 2% lidocaine 1:1
Methylprednisolone acetate
and 2% lidocaine 1:1

were divided into three groups that received one injection of HA per week for 5 weeks (Table 4). On the 6th
week, there was a statistically significant improvement
in VAS for pain in the group that received high molecular weight HA compared to the lower molecular
weight and control.24 The authors suggest that injections of high-molecular-weight HA are an effective
conservative treatment with no serious adverse reactions.24

Injection
Type
5 Injections
over 5 weeks

Outcome
measures
VAS*, Roles
and Maudsley
score, ADL
score

Follow-up
length (weeks)
6 weeks (from
first injection)

Single Injection

VAS, pressure
pain threshold*,
FFI, FAAM ultrasonography
thickness values
of PF*

24 weeks

Abbreviations: VAS, visual analog scale, HA, hyaluronic acid, ADL, activities of daily living, FFI, functional foot
index, PF, plantar fascia.
* Statistically significant
The second randomized clinical trial by Raeissadat
et al. builds off of the studies done by Kumai et al. Raeissadat investigated the use of corticosteroids and compared their efficacy to HA (Table 4). Both

corticosteroids and HA showed improvement in patient
pain relief and satisfaction. After six weeks, there was
statistically significant improvement in pain pressure
threshold and reduction in thickness of plantar fascia on
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ultrasound in the corticosteroid group compared to the
HA group. However, at the 24-week follow up, no statistical significance was found between the two
groups.25 This suggests that while both corticosteroids
and HA are promising conservative therapies for plantar fasciitis, the corticosteroid has a faster onset of action.
GOUT
HA may decrease pain associated with acute gout.
In acute gout monosodium urate crystals (MSU) in the
synovial fluid of a joint cause activation of inflammatory mediators including neutrophils, cytokines, chemokines, neutrophils, complement, and reactive oxygen
species. This inflammatory cascade triggers pain receptors in the joint resulting in pain.26
Two animal studies were reviewed (Table 5). Marcotti et al. were interested in HA’s effect on the nerve
impulse of nociceptors of the knee joint in a rat after it
was injected with MSU crystals.27 Li et al., on the other
hand, wanted to see the anti-inflammatory properties
Table 5. Summary of gout studies
Author
Study type
(year)
Marcotti et
Animal
al27 (2018)
Li et al28
(2019)

Animal

and uric acid levels following HA administration.29
Though this study was performed on the knee, it was
included as the authors believed that it sufficiently represented an acute gouty attack in the ankle or first metatarsophalangeal joint.27 Both studies demonstrated a
significant improvement after HA therapy, but with differing mechanisms. Marcotti attributed the decreased
activation of nerve firing caused by mechanical stretch
receptors to the viscoelastic property of HA. He also
determined that HA decreases the probability of the
TRPV1 channel opening, the primary ion channel that
is triggered by the inflammatory process.27 Li, on the
other hand, showed that decreases in interleukin-8 and
monocyte chemoattractant protein-1 and increase in interleukin-10 were responsible for the decreased swelling and inflammation. In addition, HA inhibits xanthine
oxidase activity which decreased serum uric acid levels.28 Xanthine oxidase is the key enzyme which converts xanthine to uric acid.26

Joint

n

Groups

Knee

29

HA+, PBS

Pain threshold*, nerve impulses*

Ankle

50

Control, acute gout, low
dose HA+, high dose
HA+, colchicine

Swelling*, pro-inflammatory
cytokines*

Control, hyperuricemia,
low dose HA+, high dose
HA+, allopurinol
Abbreviations: PBS, phosphate-buffered saline; HA, hyaluronic acid
* Statistically significant
+
Group with statistically significant results
The study by Li et al. showed a novel approach to
inhibiting xanthine oxidase. There are currently only
two pharmacological agents used to inhibit xanthine oxidase: allopurinol, and febuxostat.26 Intraperitoneal injections of HA can be an important alternative in patients with preexisting renal and hepatic dysfunction, or
those with adverse drug reactions. Additionally, low
dose HA was the most effective in treating gout. Low
dose HA had greater effects on anti-inflammatory cytokines and xanthine oxidase inhibition, but the mechanisms were not explained.28
MORTON’S NEUROMA
HA has also been studied for treatment of intermetatarsal (IM) (Morton’s) neuroma. The precise etiology of IM neuroma is still unknown. One common
thought is that irritation leads to local inflammation of

Outcome measures

Serum uric acid levels*

the surrounding tissue which compresses the nerve. 29
As previously stated, the anti-inflammatory and lubrication properties of HA make it a reasonable candidate
to treat IM neuroma. One retrospective study reviewed
the use of HA injections for treatment of IM neuroma
(Table 6). Lee et al. used the average Visual Analog
Scale (VAS) and American Orthopedic Foot & Ankle
Society (AOFAS) Forefoot Scale to measure pain while
walking. Significant improvement in VAS and AOFAS
Forefoot Scale were seen overall at two months after
hyaluronic acid injections (P <0.05). Improvement was
maintained after four months, continuing until 12
months. The mean VAS decreased from 73.1 initially
to 23.0 at 12 months and AOFAS Forefoot Scale was
increased from 32.2 to 86.5. Complications included 14
incidents digital anesthesia that did not resolve with
time, three incidents of severe pain, and two incidents
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of injection site hematoma. The authors concluded that
ultrasound-guided hyaluronic injection was clinically
effective for pain relief and functional improvement for
at least 12 months in patients with IM neuroma.
Table 6. Summary of Morton’s neuroma studies
Author
Study type
n
(year)

Injection
guide

However, hypoesthesia associated with IM neuroma
should be addressed more cautiously since it may persist without much improvement.2

Scoring

Outcome
measures

Follow-up
length
(months)
12

Lee et al29 Retrospective 83
Ultrasound
VAS*
NA
(2018)
human trial
AOFAS*
Abbreviations: VAS, visual analog scale; AOFAS, American Orthopedic Foot & Ankle Society; NA, not applicable;
HA, hyaluronic acid
* Statistically significant
In the limited available research, the use of HA for
treatment of IM neuroma is promising. It makes for a
reasonable first line due to its relatively long-lasting relief from symptoms.
COMPLICATIONS OF HYALURONIC ACID
THERAPY
Although the current literature demonstrates the efficacy of HA therapy, there is also literature identifying
several adverse drug reactions associated with intra-articular HA administration (Table 7). Such reactions include injection site pain, swelling, aseptic acute arthritis, and septic arthritis. 30,31,32 A French case report suggested that intra-articular HA injections are often
associated with local acute reactions. The researchers
examined two patients, a 73-year-old woman with
Kellgren-Lawrence grade 3 osteoarthritis and a 59year-old woman with grade 2 osteoarthritis. The patients received Hylan GF-20 injections for their arthritic
knees. 30 In both cases, the patients developed swelling
and pain after two injections. Their synovial fluid white
cell count was 80,000 x 106//l and 32,600 x106/l respectively after their second Hylan GF-20 injection, indicative of septic arthritis. Although both patients

Table 7. Complications of Hyaluronic Acid Treatment
Early Stage Reactions
• Injection Site pain30
• Aseptic Acute Arthritis30
• Septic Arthritis31
• Acute Gout 32
• Injection-related Events33
• Inappropriate Placement33
• Vascular Infarction33
• Infection33
• Allergic Reaction33

developed acute septic arthritis, both patients recovered
without sequelae. Another case report of septic arthritis
describes two cases of septic knee arthritis after HA injection in the treatment of osteoarthritis. 31 In another
case report, a 72-year-old woman with a history of bilateral knee osteoarthritis, type 2 diabetes mellitus and
chronic venous ulcers in the lower limbs was injected
with HA intraarticularly into her left knee.32 18 hours
later, she developed swelling with acute pain and was
admitted to the emergency department. Upon aspiration
multiple monosodium urate crystals were found, indicative of an acute gouty attack. Her symptoms were relieved following administration of colchicine 2 mg/day
for 2 days.32
The Global Aesthetics Consensus Group, a multinational and multidisciplinary group, addressed complications of adverse events by categorizing the complications into early and late reactions. Early reactions include vascular infarction, infection, allergic reaction,
injection-related events, and inappropriate placement.
Late reactions include inflammatory reactions, nodules,
dyspigmentation, and displacement of HA material.33

Late Stage Reactions
• Inflammatory Reactions33
• Nodules33
• Dyspigmentation33
• Displacement of HA Material33
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CONCLUSION
Hyaluronic acid is an effective and relatively safe
treatment option for many pathologies of the foot and
ankle. It has favorable results when compared to or in
conjunction with current treatment modalities for ankle
joint osteoarthritis, chronic foot wounds, Achilles tendinopathy, plantar fasciitis, acute gout, and neuromas.
Studies show complications ranging from local injection site pain to septic arthritis after HA treatment. Additional research with larger sample sizes and human
trials with lower extremity application are needed to reinforce the efficacy assess the cost-benefit analysis of
hyaluronic acid treatment. Overall, hyaluronic acid
treatment modalities show promise which provides
strong motivation for future research on its safety and
efficacy.
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Use of Botulinum toxin for the Treatment of Equinus
Foot Deformity in Cerebral Palsy:
A Literature Review
Kunali Patel, B.S., Katheryne Morales, B.S.
ABSTRACT
Introduction: Cerebral palsy may occur during fetal development or it may arise from a genetic anomaly causing motor and neurologic signs and symptoms. It is frequently associated with equinus deformity. Equinus in
the presence of cerebral palsy is the result of muscle
overactivity, and this can be treated with botulinum
toxin. This paper reviews the literature on the efficacy
and safety of botulinum toxin in the treatment of equinus foot deformity in patients with cerebral palsy.
Study Design: Qualitative Systematic Review of the
Literature
Methods: A primary search was conducted on the PubMed database using the keywords “Botulinum toxin”
[MeSH] AND “Treatment” [MeSH] AND “Equinus
foot deformity” [MeSH] AND “Cerebral palsy’
[MeSH] which yielded 28 results. Inclusion criteria applied were articles published between (2010/11
[PDAT]: 2017/04 [PDAT]), articles including clinical
trials, meta-analysis, randomized controlled trials, and
articles published in English. Articles excluded were
those that focused on efficacy of serial casting and injection techniques.
Results: The initial PubMed search resulted in 28 articles. After applying the inclusion and exclusion criteria,
15 studies were chosen for evaluation.
Discussion and Conclusion: Trials that tested the safety
and efficacy of botulinum toxin demonstrate that the
toxins are effective in improving equinus deformity.
However, additional studies are needed to assess the
ideal dosage and individually tailored therapies of
newly introduced botulinum toxins.
INTRODUCTION
Cerebral palsy is the most prevalent physical disability, affecting an average of 2.1 new children per
thousand live births. Cerebral palsy involves an array of
multiple persistent impairments centered around posture and motion. Impairment occurs during fetal/infant

brain development with a minority of cases caused by a
genetic anomaly, while the majority are idiopathic. On
average, a diagnosis of cerebral palsy occurs between
the first twelve and twenty-four months of life, some as
early as six months, and includes both clinical and neurological signs. Diagnosis involves the observation of
four distinct motor types including: spasticity, hypotonia, ataxia, dystonia and athetosis, with spasticity being
the most prevalent sign. Spasticity may present as hemiplegia (unilateral), diplegia (bilateral), or quadriplegia
(involves all four limbs and trunk) and accompanied by
other long-term debilitating symptoms and disorders.1
The most frequent lower limb deformity associated
with cerebral palsy spasticity is equinus.2 Equinus is a
gait abnormality resulting from spasticity of the ankle
plantar flexors, mainly the gastrocsoleus muscle complex (GSC),2,3 which may be overactive. 4 Spastic equinus impairs patients’ ability to wear shoes, braces and
may cause frequent falls.5 Botulinum toxin type A
(BTX-A) is an acetylcholine blocker injected into the
muscle and is commonly used to treat spastic equinus
gait in CP. Botulinum is a neurotoxin derived from the
bacterium Clostridium botulinum and has eight antigenic exotoxins. Using BTX-A injections are helpful in
reducing the muscle tone and increasing the ROM of
the affected extremities which enables patients to learn
functional skills required for walking ability. 4
The use of BTX-A to treat spastic gait secondary to cerebral palsy was first described in the 1990s.6
BTX-A interferes with cholinergic transmission at the
neuromuscular junction, thus decreasing spasticity.3
The toxin decreases muscle tone which increases the
ankle joint range of motion (ROM) , improving alignment (upright position) and balance. However, reduced
muscle tone and increased ROM from BTX-A therapy
does not necessarily lead to long-term success. The literature shows that the long-term success rate varies.4
Multiple BTX-A products are produced for the
therapy of spasticity, though not comprised the same,
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they do share similar mechanisms. BTX-A variants include onabotulinum toxin A, abobotulinum toxin A and
letibotulinum toxin A. Both onabotulinum toxin A and
abobotulinum toxin A are comprised of a hemagglutinin and nonhemagglutinin proteins which maintain the
toxin’s stability. Letibotulinum toxin A has a structure
homologous to onabotulinum toxin strain along with
additional purification in order to eliminate nucleic acids which theoretically improves the strain quality. Although clinical studies to prove letibotulinum toxin A
safety have been limited.3
METHODS
A preliminary search was performed on the PubMed database using the keywords “Botulinum toxin”
[MeSH] AND “Treatment” [MeSH] AND “Equinus
foot deformity” [MeSH] AND “Cerebral palsy’
[MeSH] which yielded 28 results. Inclusion criteria applied were articles published between (2010/11
[PDAT]: 2017/04 [PDAT]), articles on clinical trials,
meta-analysis, and randomized controlled trials, articles published in English. Articles excluded were those
which focused on efficacy of serial casting and injection techniques.

RESULTS
Satila et al. conducted a clinical trial to investigate
the effects of botulinum toxin type A (BTX-A) for treating spastic equinus in cerebral palsy. This study included 36 children, out of which 20 children had unilateral cerebral palsy and 16 children had bilateral cerebral

palsy. Physiotherapy was unchanged in content and frequency throughout the trial. Treatment response in gait
pattern for each patient was evaluated using Goal Attainment Scale (GAS). GAS allots patients with a score
from -1 to 3 where a score of -1 indicates limb weakness
with clumsiness, 0 indicates baseline/start: defined individually for each leg per child, 1 indicates moderate
change: flatfoot contact in ~50% of steps, 2 indicates
goal: flatfoot contact at every step and 3 indicates better
than anticipated: heel strike at every step. There was
satisfactory improvement in the GAS (weighted kappa
at 1, 2 and 4 months was 0.47, 0.70 and 0.64, respectively) of 23 (64%) children with all 36 children being
able to walk independently for a short duration of time
post treatment. Additionally, the amount of change in
individual gait patterns over time was evaluated using
the Pretreatment Good Selective Ankle Motor Control
(SMC) and Observational Gait Scale (OGS). SMC is
based on a score of 0 (indicating no ankle movement)
to 4 (indicating isolated SMC through available range
of motion with balanced activity in the tibialis anterior
muscle). OGS is based on a score of 0-4 where 0 was
considered toe gait (pure equinus), 1-2 was considered
occasional flatfoot (mild equinus) and 3-4 was considered as no evidence of equinus. Improved SMC and occasional flatfoot gait by OGS foot contact score were
observed in the good responder’s group based on their
1, 2 and 4-month evaluation results showing an average
of 12% improvement in scores. Eleven children experienced tenderness of the injected calf muscle and all
other side effects were found to be unrelated.

Figure 1. PubMed Article Search and Exclusion Criteria
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Table 1. Summaries of Articles Reviewed
Author
Satila et al.

Nature of
Study
RCT

Delgado et al.

RCT – double
blind

Tilton et al.

RCT – double
blind

Chang et al.

RCT – double
blind

Kim et al.

RCT – double
blind

Frasson et al.

Prospective
randomized
study

Study Aim

Participants

Findings

Investigate effects
of BTX- A in
treating spastic
equinus gait in
CP.

36 children (49
limbs) – 20 with unilateral CP and 16
with bilateral CP

Investigate efficacy of abobotulinumtoxin A versus placebo in
spastic equinus
gait in CP.
Investigate efficacy of abobotulinumtoxin A versus placebo in
spastic equinus
gait in CP.

241 patients (divided
into 2 groups; group
1 = abobotulinumtoxin A, group 2
= placebo)

Significant improvement in muscle tone and ankle ROM. Children with higher cognitive level
and less severe functional deficit
responded best to the BTX-A
treatment.
Slight improvement in muscle
tone with high dose therapy compared to a lower dose.

Investigate the efficacy and safety
of letibotulinum A
and onabotulinum
A in spastic equinus gait in CP.
Investigate efficacy and safety of
Neuronox botulinum toxin compared to BTX-A
in treating spastic
equinus gait in
CP.
Investigate the
spread of BTX-A
to antagonist leg
muscles.

235 patients (divided
into three groups;
group 1 = 10
U/kg/leg toxin, group
2 = 15. U/kg/leg
toxin, group 3 = placebo)
144 children (divided
into 3 groups; group
1 = letibotulinum A,
group 2 = onabotulinum A, group 3 =
placebo)
127 children (divided
into 2 groups; group
1 = Neuronox, group
2 = BTX-A)

Lower dose group met significantly more of the expected goals
post treatment compared to higher
dose group.

Both botulinum toxins found safe
and efficient in treating spastic
equinus gait in CP.

Neuronox toxin is just as efficient
and safe as BTX-A in treating
spastic equinus gait in CP.

Positive spread of the toxin to antagonist muscle but with a plateau
effect at higher doses due to the
end plates being eventually saturated.
BTX-A = Botulinum Toxin Type A, RCT = Randomized Control Trial, CP = Cerebral Palsy, ROM = Range of Motion
Delgado et al. conducted a randomized controlled
double-blind study to investigate the efficacy and safety
of abobotulinumtoxin A versus placebo in treating
spastic equinus in cerebral palsy patients. In this study,
241 patients with a Gross Motor Function Classification System (GMFCS) level I (walks without limitations), level II (Walks with limitations), and level III
(walks using a hand-held mobility device) were included. There was an improvement in walking pattern
of 169 (70.2%) participants who showed more

18 hemiplegic CP patients

independent gait compared to baseline when they had a
dependent gait as scored through GMFCS, improved
balance of 77 (32.3%) participants, and decreased falling of 75 (31.1%) participants. At 12 weeks, there was
significant improvement in muscle tone (MAS – Modified Ashworth Scale score increased from 1.2 to -0.8
with a p<0.001) in patients receiving abobotulinumtoxin A, as opposed to those receiving placebo. Additionally, patients were evaluated using the Tardieu
scale which measures spasticity taking into account
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resistance to passive movement at both slow and fast
speeds, where a spasticity grade of Y denotes the gain
of muscle reaction to fast stretch. Both doses showed an
improved Tardieu scale spasticity grade Y at 4 weeks
which went from a score of 2-4 to 0-1 (reduced spasticity). There were 5 epileptic patients in placebo group,
18 in the abobotulinum toxin group throughout the
study period. All epileptic events during the study were
found to be unrelated to the abobotulinumtoxin A treatment.
Tilton et al. conducted a randomized double-blind
study similar to Delgado et al. investigating the efficacy
of abobotulinumtoxin A versus a placebo. 235 patients
were evaluated in this study in which the subjects were
divided into three groups. Two out of the three groups
received differing abobotulinumtoxin A doses (10
U/kg/leg and 15 U/kg/leg), and the third group received
placebo. GAS task-scores were used to evaluate patient
tasks whose levels were set around the individual expected functional goals that were important to the patient and to the family. The functions were scored on a
scale of 0 (unable to perform the task) to 100 (successfully performs the task independently). Patients in the
abobotulinumtoxin A groups showed anticipated GAS
T-scores which increased from scored of <50 to >50
(score of 50 indicates significant change) at week 4 and
12 compared to the placebo group which did not reach
the expected scores. The need for toxin re-administration criteria was based on reverting GAS task scores to
baseline at week 16-22 after improvement was noted
during initial treatment. A majority of abobotulinumtoxin-A patients met the criteria for toxin re-administration at week 16 and 22 visits, whereas only 17.7%
of abobotulinumtoxin-A patients met toxin re-administration criteria at week 28 or later. Re-administration
criteria was important in this study to further investigate
if a second course of toxin treatment is beneficial for
the patients reverting to baseline. A majority of the
abobotulinumtoxin-A group patients satisfactorily met
a number of goals such as improved walking pattern
(68.6%), improved balance (64.9%), reduced frequency
of falling (74.8%), reduced frequency of tripping
(66.4%) and improved endurance (71%) compare to the
placebo group. Seventy-nine percent of participants in
the abobotulinumtoxin A 10 U/kg/leg group reached the
expected goal compared to only 62% in the placebo
group and 76% in the abobotulinum A 15 U/kg/leg
group.
Chang et al. conducted a randomized doubleblinded controlled trial to investigate the effectiveness
and safety of letibotulinum toxin A and onabotulinum
toxin A in treating equinus gait deformity in CP patients. One hundred and forty-four children with spastic
CP were evaluated and divided into three groups. Two
out of the three groups received one of the two botulinum toxins (letibotulinum toxin A and onabotulinum

toxin A) and the third group received placebo. There
were no significant dosage differences in the two botulinum toxins administered. Average responder rates for
onabotulinum toxin-A versus placebo were 63.5% and
26.5%, respectively. The Physician’s Rating Scale
(PRS) represented a dynamic gait pattern during active
walking and assessed 6 functional components of the
human gait cycle each scored on a scale of 0-3 which
were added to get a score of 0 (worst) to 14 (best). The
mean PRS increased from baseline in both groups. The
mean R1 (angle at which a velocity dependent catch or
clonus was felt during a fast stretch of the muscle), and
R2 (joint angle when the muscle length was at its maximum, using slow passive movement), measure the ankle dorsiflexion along with knee extension improved
from baseline in both groups as well. Onabotulinum A
group showed an increase in PRS score (6.82 at baseline to 8.88 at week 24) in 60.27% of the participants
and letibotulinum A group showed an increase in PRS
score (6.85 at baseline to 8.89 at week 24) in 61.43% of
the participants. Overall onabotulinum toxin A improved dynamic equinus foot deformity and the effectiveness of letibotulinum toxin A was close to that of
onabotulinum toxin A. There were significant differences in results concerning improvement in the R1 and
R2 angles of ankle dorsiflexion within the groups compared to between the groups. 54 participants reported
adverse effects, most of which resolved with no lasting
effects; but 10 out of the 54 participants reported serious events which either required hospitalization or rendered performing daily activities difficult.
Kim et al. conducted a randomized double-blinded
controlled trial to assess the efficacy and safety of a
newly manufactured botulinum toxin (Neuronox), compared to Botulinum neurotoxin type A (BoNT-A), for
the treatment of spastic equinus gait in cerebral palsy
patients. One hundred and twenty-seven children participated in this trial with GMFCS levels I-III. The participants were divided into two groups, each receiving
either Neuronox or BoNT-A as treatment. The improvements in PRS scores for the two groups had no
significant differences, with the Neuronox group at
48.3% and the Botox group at 49.2%. Passive range of
motion (PROM) during ankle dorsiflexion improved in
both the groups (pre-treatment = 12, post-treatment =
17) with no significant differences (week 4, p=0.32;
week 12, p=0.66; week 24, p=0.56). Gross motor function measure-88 (GMFM-88) was used to measure differences in gross motor function over time in children
using scores 0 (child does not initiate movement), 1
(child initiates movement), 2 (child partially completes
movement) and 3 (child completes movement).
GMFM-88 scores increased in both the groups at follow
up post treatment. The Neuronox group showed mean
increases in GMFM scores of 2.14 at week 4, 3.77 at
week 12 and 4.76 at week 24; compared to Botox group
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which showed 2.65 at week 4, 5.35 at week 12, and 6.63
at week 24. A total of 34 adverse events were noted
throughout the trial out of which none were severe with
similar frequency of events across both groups.
Frasson et al. conducted a prospective randomized
study involving 18 hemiplegic cerebral palsy patients,
which assessed the spread of botulinum toxin type A to
antagonist leg muscles. Appropriate BTX-A doses were
calculated for patients individually based on their calf
circumference measurements. Action potential traces
collected from the injected calf muscle sides compared
to those collected from the uninjected areas showed that
the injected areas had the action potential percentage
spreading to the compound muscle areas lower than the
latter. The injected areas had a reduction in compound
action potential readings in tibialis anterior and lateral
gastrocnemius. The Edinburgh Visual Gait Scores evaluates 17 variables of observation during gait at 6 anatomic levels; including sagittal and frontal observations
using scores 0 (normal), 1 (moderate deviation), and 2
(marked deviation). These scores were found to be decreased on the treated side (pre-treatment = 11, posttreatment = 9) as compared to the untreated side (pretreatment = 6, post-treatment = 6).
DISCUSSION
Satila et al. study concluded that children with
higher cognitive level and less severe functional deficit
including unilateral and mild cerebral palsy responded
best to the BTX-A treatment. However, there was significant improvement in the muscle tone and ankle
ROM both in patients who responded poorly and patients who were good responders to BTX-A treatment.
The study argued that treatment goals for the two
groups should be different considering several differing
variables such as age, cognition, and functional deficits.
Delgado et al. study concluded that a need for a longterm efficacy study is required for better assessment of
the treatment protocol. Use of a higher abobotulinumtoxin A dose showed a slightly greater improvement in muscle tone compared to a lower dose. However, Tilton et al. study showed that a lower dose compared to a higher dose of abobotulinumtoxin A met
significantly more of the expected goals post treatment.
This discrepancy in findings could have been due
to patient demographic bias. A larger participant study
may be useful in evaluating the limitations of the two
studies.
The Chang et al. study demonstrated that using
onabotulinum toxin A and letibotulinum toxin A for the
treatment of dynamic equinus foot deformity in patients
with spastic cerebral palsy is safe and effective. Similarly, Kim et al. concluded that the Neuronox treatment
was not inferior to the BoNT-A in improving the spastic
equinus gait in cerebral palsy patients. Additional studies are needed for investigating the effects of dosage

change on patient outcomes in all three of the above
stated treatments. Frasson et al. assessed the spread of
botulinum neurotoxin in the calf muscle showed positive results supporting the spread of the injected toxin.
However, there was concern that the toxin has a plateau
effect in children. Another finding suggested that
higher doses are redundant in improving gastrocnemius
muscle length as the end plates are eventually saturated
and the toxin continues to spread at standard dose.
CONCLUSION
This literature review demonstrates that the use of
botulinum toxin as a treatment for spastic equinus in
patients with cerebral is effective and safe. Different
types of botulinum toxins including BoNT-A, BTX-A,
abobotulinumtoxin A, letibotulinum toxin A, onabotulinum toxin A, and a newly manufactured botulinum
toxin (Neuronox) have also been shown to be effective
and safe. Future studies should include assessment of
using these toxins with treatment protocols tailored to
individual subjects.
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The Efficacy of Bisphosphonates in Treating
Charcot Neuroarthropathy
Patricia Woo, B.S. and James Diep, B.A., M.S.
ABSTRACT
Bisphosphonates have been used to slow the progression of bone loss for a wide range of osseous pathologies, including Charcot neuroarthropathy. The
findings of several studies have concluded that bisphosphonates can decrease alkaline phosphatase activity and
reduce foot temperatures in patients with active Charcot
neuroarthropathy. However, controversy still remains,
as some studies have found that healing times may be
increased rather than decreased. Because Charcot neuroarthropathy has such a profound impact on the quality
of life, the need to find efficacious and conservative
treatments warrants further research.
INTRODUCTION
Charcot neuroarthropathy (CNA), first described
by Jean Martin Charcot in 1868, is a chronic progressive degeneration of a joint that is associated with neurologic conditions known to cause neuropathy. These
conditions include but are not limited to peripheral
nerve injuries, spinal cord injuries, infections, neurodegenerative diseases, and heavy metal poisoning. Although the exact mechanism by which Charcot neuroarthropathy manifests remains unclear, several hypotheses have been proposed. The traditional theories include
neuro-vascular, neuro-traumatic, or a combination of
both theories as etiologies of joint breakdown.1 The exact incidence rate of Charcot neuroarthropathy is unknown in the general population, but one epidemiologic
study by Frykberg et al. describes the prevalence rate of
Charcot neuroarthropathy to be between 0.08% and
13.00% in diabetic patients with neuropathy.2 Despite
the varying prevalence rates, one certainty remains - as
the prevalence of diabetes mellitus is expected to increase, the incidence of Charcot neuroarthropathy cases
is also expected to increase. As such, the need for effective treatment options, particularly in early diagnosis, is
critical.
Bisphosphonates, whose biological effects were
first published in 1969, have been increasingly used in
the treatment of bone loss-related diseases such as

Paget’s disease of bone and osteoporosis.3 Because the
clinical use of bisphosphonates is well established in
the literature for diseases for bone loss, bisphosphonate
therapy may also offer support in the management of
the Charcot neuroarthropathy.4 This paper explores the
current literature on bisphosphonate usage as an early
pharmacological treatment for Charcot neuroarthropathy.
METHODS
The purpose of this literature review is to determine the efficacy of bisphosphonates in the treatment
of Charcot neuroarthropathy. Relevant publications
from January 1970 to October 2020 were accessed
through two online databases, Google Scholar and PubMed. Search terms included were “Bisphosphonates,”
“Charcot,” “Hot, red, swollen foot,” “Pamidronic acid,”
and “Neuroarthropathy.” Inclusion criteria required that
the journal articles be specific to treating CNA using
bisphosphonates as a primary treatment or using
bisphosphonates as adjunctive therapy with off-loading
modalities. Articles that did not highlight the efficacy
of bisphosphonates for the treatment of lower extremity
CNA were excluded. Additionally, articles discussing
osteomyelitis with Charcot were excluded due to confounding factors and the nature of treating the two pathologies distinctly.
PHARMACOLOGY OF BISPHOSPHONATES
Bisphosphonates are currently approved as primary therapies for pathologic conditions related to low
bone densities and have been widely prescribed as pharmacologic treatments to prevent such conditions. First
generation bisphosphonates are structurally similar to
inorganic pyrophosphates (PPi) and are believed to be
cytotoxic to osteoclasts. Second and third generation
bisphosphonates have nitrogen in their R side chains.
The nitrogen-containing side chains allow for the selective inhibition of farnesyl pyrophosphate synthase, a
key enzyme in the mevalonate pathway, leading to osteoclast apoptosis. Thus, they suppress osteoclast
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resorption of bone and are effective in preventing bone
destruction.5 Since the first publications on the effects
of bisphosphonates over 40 years ago, large clinical trials have demonstrated the efficacy of bisphosphonates
in a variety of bone diseases.3 Adverse drug reactions
associated with bisphosphonate therapy include osteonecrosis of the jaw, atrial fibrillation, over suppression
of bone turnover, hypocalcemia, acute inflammatory response, and severe musculoskeletal pain.5
BISPHOSPHONATES IN CNA TREATMENT
Selby et al. were the first in the world to consider
the use of bisphosphonates in the treatment of Charcot.
Six patients with longstanding histories of diabetes
mellitus and peripheral neuropathy were confirmed to
have active Charcot neuroarthropathy with bone destruction identified in weight bearing radiographs. All
six patients had an increase in bone cell turnover in
three phase scintigraphy using 99mTc-hydroxymethylene bisphosphonate. Each patient was given 30

milligrams (mg) of pamidronate intravenously, followed by five infusions of pamidronate 60 mg every 2
weeks for 12 weeks. This was determined based on a
protocol in Manchester that used bisphosphonates in
the treatment of Paget’s disease of bone. This regimen
demonstrated a beneficial effect in decreasing foot temperature and alkaline phosphatase. The foot temperature of the affected foot decreased from 3.4 ± 0.7°C
(mean ± SE) to 1.0 ± 0.5°C (p=0.05). The alkaline phosphatase also decreased by 25 ± 3% compared with the
initial values (p<0.001).4 While these results are promising in the use of bisphosphonates in the treatment of
Charcot neuroarthropathy, it is important to remember
that this is not the only protocol that can be used for
treatment, and other bisphosphonates or proportions of
pamidronate may be used to find a more effective treatment. This landmark article paved the way for further
investigations to begin to evaluate other variables of the
disease (Table 1).4,6,7,8,9,10

Table 1. Summary of Efficacy of Bisphosphonate Treatment
Author
(Year)
Selby et
al.4
(1994)

Study design

Sample
size (n)
6

Variables

Results

- Temperature
- Alkaline Phosphatase

Double-blind
randomized controlled trial

39

- Temperature
- Alkaline phosphatase

Anderson et
al.7
(2004)
Pitocco
et al.8
(2010)

Retrospective
study

33

- Temperature

- Pamidronate usage was associated with a significant reduction in temperature
- Pamidronate usage resulted in a mean alkaline
phosphatase activity reduction of 25 ± 3%, indicated significant reduction in bone turnover
- Both bisphosphonate and placebo groups showed
temperature reductions, but bisphosphonate usage
had a greater temperature reduction
- Bisphosphonate usage had a greater reduction in
bone turnover than non-use
- Pamidronate infusion resulted in an average temperature reduction of 7.4℉ in the affected limb

Jude et
al.6
(2001)

Randomized
controlled trial

20

- Pain
- Temperature
- Serum alkaline phosphatase

Guis et
al.9
(1999)
Game et
al.10
(1999)

Case Report

1

- Joint destruction

Randomized
controlled trial

288

- Time to resolution

Nonrandomized
clinical trial

- Alendronate usage resulted in a significant improvement in tests for pain
- Both the alendronate and control groups had decreased baseline temperatures in their affected feet
- Alendronate usage resulted in a bone alkaline
phosphatase reduction that was almost significant
- Bisphosphonate usage was associated with clinical improvement observed as reconstructive healing
- This study found that median resolution time was
increased (12 months) for patients who were administered bisphosphonates compared to those
who were not administered bisphosphonates (10
months)

Abbreviations: n, number of patients; ℉, Fahrenheit

Volume 23, Page 34

Surgical Interventions

Nearly a decade later, a more in-depth study was
published by Jude et al., evaluating the use of bisphosphonates on temperature and bone turnover rates of the
Charcot foot. This study used a double-blind randomized controlled trial as its protocol. Thirty-nine patients
with diabetes mellitus and active CNA were given a single infusion of 90 mg of pamidronate or the placebo. In
this trial, both the alkaline phosphatase and dehydroxypyridinoline (DPD) crosslinks were reduced when compared with the placebo group, decreasing bone formation and bone destruction, respectively, at 4 weeks.
While the bone specific alkaline phosphatase was reduced in the active group compared with the placebo
(p<0.03), and the DPD crosslinks were reduced compared to the placebo (p<0.01), both of these markers began to gradually rise at the end of the study.6 This indicates that multiple infusions of bisphosphonates may be
necessary to combat the symptoms and decrease the
healing time of active CNA in patients with diabetes
mellitus.
In a 2004 study by Anderson et al., 13 patients (14
infusions) were compared with 10 control patients and
monitored for a reduction in temperature or alkaline
phosphatase. If a patient had impaired renal function,
the pamidronate was still administered but with an adjusted dose. The pamidronate proved to be effective as
there was a decrease of 2.8 degrees Fahrenheit (℉) in
foot temperature 48 hours after the infusion, with a reduction of 7.4℉ 2 weeks post-infusion. Additionally,
alkaline phosphatase levels dropped by an average of
53% compared with baseline values. Six of the thirteen
patients in this study exhibited a post-infusion systemic
fever running from 1-3℉.7 Three of the patients did not
record a fever and four of the patients were not evaluated for a post infusion fever. While the fever subsided
within 24 hours, it is important to note that six of thirteen patients is a significant amount, and other methods
of bisphosphonate administration may be equally beneficial with less complications.
In a study by Pitocco et al., alendronate, an oral
bisphosphonate, was used in a double-blind randomized controlled trial for the treatment of CNA. Out of
20 patients with active Charcot neuroarthropathy, 11
were given 70-mg of alendronate once a week for six
months, and nine patients acted as the control group. All
subjects were provided with offloading devices - a total
contact cast boot and a pneumatic walker after two
months. At six months, the bone alkaline phosphatase
reduction was almost significant (36 ± 4.8% vs 23 ±
3.9%, p=0.06). Both the test group and control group
had significant improvement in the reduction of temperature (-1.7 degrees Celsius (℃) in the test group and
-1.5 ℃ in the control group).8 It is meaningful to note
that no subjects developed osteomyelitis or peripheral
vascular disease, and the 5 patients who developed foot

ulcers proceeded to heal uneventfully during this
study.8 Whereas previous studies evaluated intravenously administered pamidronate, this study evaluated
orally administered alendronate. Using either a different type of bisphosphonate or different route of administration may be more beneficial in the treatment of
Charcot neuroarthropathy; however, further investigation is warranted.
A case report by Guis et al. suggests that bisphosphonates may be beneficial without having a restriction
on weightbearing. The case report is based on a 39year-old homeless man who was found to have active
Charcot neuroarthropathy. The patient had noticed
painless swelling and a deformity of his foot six months
prior with unknown history of trauma. While the patient
refused casting or an orthotic device to restrict his
weight bearing, he agreed to the pamidronate infusions.
He received an intravenous dose of 90 mg every 4
months for 2 years. After 6 months (2 infusions), the
patient had improved clinically; after 2 years of infusions, the patient was able to ambulate without assistive
devices. This suggests that bisphosphonates may be
used in conjunction with, or without, the need for devices that restrict weight bearing.9
Although many studies have demonstrated support
for bisphosphonate usage in the treatment of CNA, controversy remains regarding healing times. A study with
the largest observational survey of patients with Charcot from the UK and Ireland, by Game et al., suggests
that bisphosphonates will increase the time it takes to
heal Charcot neuroarthropathy. In this study, 288 patients who received bisphosphonates either intravenously or orally had a longer median time to resolution
(12 months) than the patients who did not (10 months,
p = 0.005). While this study has a larger population
sample size compared with the previous articles, it is
important to note that this study relied on observing survey data from clinician’s suspicion of CNA without applying specific diagnostic criteria such as radiographic
staging or evidence of bounding pulses. Because the information was voluntarily added into the database, the
study may be influenced by selection biases and reporting biases. This may skew the data as different offloading modalities may be used, and bisphosphonates may
be employed at different severity stages of Charcot neuroarthropathy.10
CONCLUSION
Bisphosphonates are an effective treatment for reducing bone loss. Charcot neuroarthropathy is a rare
condition that may benefit from bisphosphonate therapy. Research has shown that bisphosphonate therapy
may potentially reduce the progression of CNA complications by selectively inhibiting key enzymes in the development of osteoclasts, suppressing osteoclast bone
resorption. The current medical literature supports the
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use of bisphosphonates in the treatment and prevention
of osteoporotic pathologies, but additional research
with larger sample sizes are needed to prove or disprove
the efficacy in CNA.
The literature reviewed has several limitations that
should be addressed in future studies. Although Game
et al.’s study had a large sample size, a limitation was
that the diagnostic criteria for CNA was not standardized and may have been influenced by selection bias
and reporting biases. More specific diagnostic criteria
with a large population size can provide greater insights
regarding the effects of bisphosphonates. Additionally,
future studies should also compare the benefits of
bisphosphonates at specific dosages and determine if
there is any advantage in regard to intravenous or oral
administration. Overall, it is important for physicians to
discuss the timeline of this disease so patients can understand the consequences of untreated CNA, which include severe deformity or amputation. Although
bisphosphonate therapy carries some risk, the potential
benefits of treatment may outweigh the risks.
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Rates of Deep Vein Thrombosis and Outcomes in
Operative vs Nonoperative Management of
Achilles Tendon Ruptures
Shi Zhang, BSN, Victoria Liew, B.S
ABSTRACT
Patients with deep vein thrombosis (DVT) have
up to a 50% risk of developing post thrombotic syndrome, which leads to reduced quality of life and increased societal cost. There is ongoing discussion regarding the gold standard treatment of Achilles ruptures, with some practitioners favoring surgery and
others conservative treatment. DVT is considered a
major complication of both conservative and operative
treatment of achille ruptures, with a slightly higher incidence in the nonoperative group. The data comparing both groups often do not reach significance to
clearly delineate a decrease of DVT’s in either group.
The purpose of this paper is to explore the rates of
DVT following surgically and conservatively treated
Achilles tendon rupture and its associated outcomes.
INTRODUCTION
Achilles tendon ruptures are relatively common,
with a reported incidence of 37.3 per 100,000 over a
13 year period.4 Treatment generally falls into operative versus nonoperative groups, with no consensus on
the gold standard of treatment. Regardless of the treatment modality, a common complication encountered
post operatively following prolonged immobilization
is the formation of a deep vein thrombosis (DVT). The
incidence of deep vein thrombosis after Achilles tendon rupture ranges from 0.34% to 34% based on several factors, including method of management and
symptomatic screening versus asymptomatic screening.3, 5 Patients with a family history of DVT’s or comorbidities have a higher rate of post-operative DVTs.
Despite the increased incidence of DVTs post Achilles
rupture, the overall risk of DVTs following foot and

ankle surgery is quite low at less than 1%.6 The purpose of this review is to explore the associated DVT
rate in both surgically and conservatively treated
Achilles ruptures.
RESULTS
Surgical Management:
Surgical repair of the Achilles tendon includes open techniques and minimally invasive techniques. Complications after surgical repair of Achilles
tendon ruptures include delayed healing with complications, re-rupture, hematoma, nerve injury, DVTs,
and pulmonary embolism (PE).7 Stavenuiter et al. concluded 1 in 9 patients develop a postoperative complication, with a venous thromboembolism (VTE) incidence of 3.4 to 5.7% in the open and minimally invasive groups respectively.7 Patel et al. performed a
retrospective review of 472 patients and found the
overall rate for DVT after surgical management to be
0.43%.3 Colak and colleagues performed a retrospective study of 238 patients, with an average BMI of
31.8, in which 18 (7.8%) were diagnosed with symptomatic DVT after surgical management.8 Bullock et
al. found a higher incidence of VTE in patients undergoing surgical repair for chronic Achilles ruptures.9
Within a sample of 113 patients, all 3 venous thromboembolism (VTE) events occurred in chronic ruptures repaired greater than four weeks after initial injury with an overall rate of 2.65%.9 In another retrospective study, Makhdom et al. found 27 out of 115
patients (23.47%) experienced a DVT after surgical
intervention.10 Table 1 summarizes the above findings.

Table 1: Rates of DVT in Conservative vs Surgical Treated Achilles Ruptures
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Author

Rates of DVT
Surgical

Stavenuiter et al.
Patel et al.
Colak et al.
Bullock et al.

3.4 to 5.7%
0.42%
7.8%
2.65%

Makhdom et al.

23.47
Conservative
1.2%
47.7%
No significant difference

Ochen et al.
Barfod et al.
Jiang et al.

Comparison of Surgical and Conservative Care:
Recent literature has shown that in acute achilles
tendon ruptures, outcomes are similar between surgical and conservative treatment. Operative treatment
has a lower rate of re-rupture; however, there is an increased risk of infection at the surgical site.11 Although
patients are able to return to activity sooner with surgical treatment, functional outcomes do vary.5 Complications such as re-rupture, stiffness, infection, as
well as DVTs have been shown to vary between the
treatment options. DVT prophylaxis did not appear to
play a major role in outcomes as Lapidus et al. reported DVTs in 16 out of 47 (34%) of operative patients prophylaxed with dalteparin and in 16 out of 44
(36%) patients in the placebo group. They concluded
that anticoagulation post-surgery did not affect the
rates of a DVT.14 Aufwerber et al. in a randomized
controlled trial showed with n=150 surgically managed achilles tendon ruptures were randomized into
early functional mobilization (EFM) vs traditional
plaster cast followed by weight bearing. The results
from this study showed 29% of patients in EFM had
an DVT vs 31% in the control group at 2 weeks and
37% vs 29% at 6 weeks.11
In studies comparing conservative vs surgically
treated achilles tendon ruptures, Ochen et al. found an
increased rate (1.2%) of DVTs in patients undergoing
nonoperative treatment as compared to operative repair (1%).2 Jiang et al. found no difference in DVT formation between operative and non-operative treatments.12 Also, Nilsson-Helander et al. found DVT
rates up to 36% after achilles tendon ruptures.13 However, they screened all patients, not just those who
were symptomatic. Also, they found no difference in
the rate of DVTs in surgical versus non-surgical
groups.13

DISCUSSION
Surgical and nonsurgical methods for the repair of
Achilles tendon ruptures are both effective treatment
options. The procedure of choice is often decided
based on a combination of patient factors, pattern of
injury, time to surgery, and surgeon’s experience. The
overall DVT rates following surgical fixation of Achilles tendon ruptures varies from 0.42% up to 23.47%.
3,10
With conservative care, the rates of of DVT varied
from as low as 1.2% to 36%.2,13 There are also mixed
views on the necessity of DVT prophylaxis in foot and
ankle surgery, however it can be agreed there is a trend
of increased DVT’s following achilles ruptures. Calder et al. in a recent metaanalysis outlined the increased rates of DVT’s post achilles rupture, however
DVT prophylaxis with low molecular weight heparin
(LMWH) did not appear to change the outcomes.
More recently, a random controlled trail did show a
decrease in risk reduction 37-21% (p=.022) in the
group that underwent usage of an interpneumatic compression device for two weeks following achilles repair. 15 It would be interesting to compare different
methods of prophylaxis such as mechanical vs pharmacological prophylaxis.
CONCLUSION
In conclusion, surgically repaired achilles tendon
ruptures resulted in DVT rates varying from 0.42% to
23.47%. However, there are not currently enough
studies to state that nonoperative treatment of Achilles
rupture is preferred or contraindicated. Overall, it is
still unclear which form of treatment has an overall
lower DVT rate. Future studies with controlled clinical
trials are needed to better identify a significant difference in the DVT rate between treatment options.
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The Influence of Proper Fibular Position in Syndesmotic Repairs: A Literature Review
Karissa Badillo B.S., Justin Carney, B.S.
ABSTRACT
The optimal treatment of syndesmotic injuries associated with ankle fractures continues to be a challenge. Conventional radiographs are insufficiently sensitive to diagnose syndesmotic injuries. Axial CT is a
sensitive imaging technique for detection of syndesmotic injury and can also be used to assess anatomical
variants of the syndesmotic incisura. Proper fibular reduction of the syndesmosis is essential in restoring the
stability and anatomic congruency of the ankle joint.
Accommodating the dynamic function of the syndesmosis during gait with flexible fixation has resulted in
better long-term outcomes in lieu of rigid fixation. Decreased osteophyte formation was also seen after longterm follow-up in patients that underwent flexible fixation repair. Individualized assessment, early detection,
and proper fixation of the syndesmosis may reduce the
chances of developing chronic ankle arthritis. This literature review highlights the importance of fibular positioning along with proper syndesmotic reduction to
preserve the congruency of the ankle joint.
INTRODUCTION
Ankle fractures are a common of injury .1 The
syndesmosis, a component of the ankle joint, may also
be injured in an ankle fracture, therefore, its integrity
needs to be assessed. In approximately 10% of

intraoperative ankle fracture repairs, a tibiofibular syndesmosis repair was also indicated.2 Acute syndesmotic
injury may be stratified into three grades (Table 1). The
current classification system grades the injury based on
clinical findings.
Malreduction of the syndesmosis from improper
fibular positioning disrupts the anatomical congruency
of the ankle joint and may contribute to increased tibiotalar pressure and ultimately to post-traumatic osteoarthritis. Burns et al. simulated how a minimal syndesmosis displacement of only 0.73 mm could increase the
peak tibiotalar pressure up to 42% and decrease the area
of tibiotalar contact by 39%.4 Long-term consequences
of syndesmotic malreduction include significantly
worse clinical outcomes and functional scores, osteoarthritis and chronic ankle joint instability.
Fibular positioning is critical in the management of
syndesmotic injuries. Appropriate imaging and fixation
techniques for accurate fibular reduction should be
taken into consideration to improve long-term outcomes and prevent post-traumatic arthritis. Although
there is no general consensus regarding the optimal
treatment for syndesmotic injuries, this review evaluates the current literature and discusses the importance
of proper fibular reduction when repairing the syndesmosis.

Table 1. Syndesmosis Injury Classification
Grade I
Mild strain to lateral ankle ligaments
No radiographic evidence of injury
Grade II
Partial or incomplete tear of lateral ankle ligaments
May include anterior inferior tibiofibular ligament (AITFL) and Interosseous Ligament
(IOL)
Grade III
Complete syndesmotic rupture
Includes AITFL, IOL, and posterior inferior tibiofibular ligament (PITFL)

Volume 23, Page 40

Surgical Interventions
ANATOMICAL
INFLUENCES
IN
SYNDESMOTIC INJURY
A thorough understanding of the distal tibiofibular
anatomy and its relationship with the ankle joint is necessary to understand the importance of proper treatment
of syndesmotic injury. The talocrural joint, subtalar
joint, and the distal tibiofibular syndesmosis are the
three primary articulations that provide stability to the
ankle joint.6 There are four ligaments including the
AITFL, PITFL, IOL, and the transverse ligament (TL)
that form the distal tibiofibular syndesmosis complex
and play an essential role in preserving ankle joint integrity. Ogilvie-Harris et al. evaluated the role of the
syndesmosis ligaments after greater than 2 mm of lateral displacement of the fibula. Their results suggest
that greater than 90% of the resistance to lateral displacement is supplied by the AITFL (35%), TL (33%),
and the Interosseous ligament (22%).7 The interosseous
membrane is also important for proper tibiofibular
function during gait due to its ability to transfer forces
to the fibula and allow separation from the ankle mortise during dorsiflexion and heel strike.6,8
The biomechanical effects of the distal tibiofibular
syndesmosis are influenced anatomically by the incisura fibularis. A three-year prospective study on the
morphology of the incisura fibularis demonstrated that
certain shapes increased the prevalence of lateral ankle
sprains. Three variable shapes of the incisura fibularis
were noted on computed tomography (CT) scans and
were classified as “C”, “1”, and “Г” shape types.9 The
most common shape was the crescent shaped “C” morphology and the second most common was the “1”
shape. In this study, the “1” shaped group demonstrated
increased ankle mortise widening and displacement
when ankle joint range of motion was tested. This increase in mortise widening contributes to ankle instability and increases risk for recurrent injury. Thus, the
natural morphology of the syndesmotic incisura and the
fibular articulation should be considered when addressing syndesmotic injuries.
Hagen et al. conducted a 16 paired cadaveric limb
study to simulate weightbearing and test fibular displacement in the syndesmosis in various foot positions
after ligamentous sectioning.10 External rotation of the
foot generated a statistically significant (p < 0.05)
amount of rotational fibular displacement at the syndesmosis following sequential ligamentous injury. Dorsiflexion of the ankle joint externally rotates the fibula
and was the second most common foot position that
produced significant fibular displacement. Subluxation
was seen in all foot planes except for fibular shortening
in the external rotation group. Displacement was significant when placing the foot in a dorsiflexed position.
The neutral foot position did not cause statistically significant displacement.10 Their data suggests that for
functional restoration of the syndesmosis, repair should

be performed in the neutral foot position due to the
functional behaviors of the syndesmosis during weightbearing loads. However, their biggest limitation is that
cadaveric studies are unable to completely simulate the
in vivo gait environment.
Therefore, when repairing ankle fractures with
syndesmotic injury, physicians should evaluate the anatomical shape of the incisura fibularis and ligamental
injuries causing fibular displacement.
IMAGING EVALUATION OF SYNDESMOTIC
INJURY
It is imperative to properly assess the syndesmosis
following an ankle injury as syndesmotic injuries are
observed in 10% of ankle fractures and often occur by
pronation and external rotation of the ankle.2,4,11
A complete disruption of the syndesmosis may present as diastasis of the tibiofibular joint on radiographs.
Although a complete rupture may be easily visualized
on conventional radiographs, more subtle injuries are
easily missed. Bai et al. found the syndesmosis is malreduced in 30-50% of all ankle fractures.12
Traditionally, tibiofibular clear space and tibiofibular overlap are measured on conventional radiographs to assess for syndesmotic injury and/or malreduction. Internal or external rotation of the fibula are
three-dimensional processes that are difficult to assess
on two dimensional radiographs. Furthermore, recent
studies suggest standard views of the ankle on conventional radiographs and intraoperative fluoroscopy are
not sensitive detectors of syndesmotic injuries. Marmor
et al. concluded that up to 30 degrees of fibular external
rotation was undetectable on conventional radiographs
using traditional measurements. Malreduction was
noted only after 10 degrees of internal rotation, further
proving the limitations of conventional radiographs in
the evaluation of syndesmotic integrity. 13
When measuring the syndesmosis for possible
malpositioning, most studies standardize their approach
by taking measurements 1 cm proximal to the ankle
joint.5,12 Gardner et al. assessed the reduction of the
syndesmosis by measuring the distance of the fibula
posteriorly and anteriorly in the incisura. The authors
found the syndesmosis to be disrupted with increased
contact pressures at the ankle joint when there was more
than a 2 mm difference between the posterior and anterior measurements. Their findings showed 52% of postoperative ankle fracture patients had a malreduced syndesmosis while conventional radiographs only detected
24%. Furthermore, 77% of the malreductions found on
axial CT scan had an internally rotated fibula with anterior translation.5

SYNDESMOTIC MALREDUCTION
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Additionally, other authors have shown overcompression of the syndesmosis on axial CT following fracture reduction. A case report by Mahapatra et al.
demonstrated that overcompression of the syndesmosis
at the level of the most distal syndesmotic screw led to
an anteromedially displaced talus. The iatrogenic fibular overcompression impacts the posterolateral aspect
of the talus which is hypothesized to cause subluxation
of the talus. Due to concerns of talar malpositioning,
removal of the syndesmotic screws was performed, and
the talus immediately returned to its normal anatomical
position within the ankle mortise. Revision of the most
proximal screw was carried out and the patient did well
post-operatively with radiographic evidence of a congruous ankle joint.14
Aside from the appropriate visualization and imaging to reduce the incidence of syndesmotic malreduction, appropriate anatomic reduction is necessary. For
instance, recent studies have begun to assess the influence the reduction of a posterior malleolar fracture has
on syndesmotic malreduction. The posterior malleolus
and posterior inferior tibiofibular ligament have a significant impact in ankle stabilization. A cadaveric study
conducted by Gardner et al. found that fixation of the
posterior malleolar fragment following an ankle fracture restored 70% of syndesmotic stiffness compared to
the syndesmotic fixation group with only 40% stiffness.
It is unclear whether this decrease in stiffness is clinically significant in the long-term. Fixation of the fragment may reduce the incidence of syndesmotic malreduction due to a more congruous incisura and anatomically reduced tibiofibular joint.5 Additionally, a 9specimen cadaveric study by Fitzpatrick found that
large posterior malleolar fragments often require fixation because they compose a majority of the incisura.
Posterior malleolar fractures did not significantly affect
the reduction of the syndesmosis unless it was a large
posterior malleolar fragment measuring two-thirds of
the incisura. They also found minimal gapping within
the large posterior malleolar fracture group due to interposition of soft tissue and osseous structures at the fracture site.15 However, gap malreduction of the posterior
malleolus led to higher rates of syndesmotic malreduction in comparison to non-reduced fractures.15 Even
though the study found it is important to reduce posterior malleolar fractures with concomitant syndesmotic
injuries, it is equally important to have appropriate reduction and careful dissection to reduce the incidence
of syndesmotic malreduction.
RIGID VS. FLEXIBLE FIXATION
The ideal fixation technique for syndesmotic repair
is based on surgeon preference. Many researchers have
sought to compare functional outcome scores, rates of
osteophyte formation, and the incidence of

malreduction between a more rigid screw fixation and
a dynamic suture button technique.11
Although early rigid fixation may be advantageous
with initial healing, long-term stabilization of the syndesmosis can increase the contact stress on the lateral
aspect of the talus and tibiotalar joint.16 The increased
stress at the joint has been shown to cause early joint
degeneration which may lead to joint stiffness and reduced functional capacity. Preserving the dynamic
movement of the fibula after initial rigid fixation can
reduce early joint degeneration and improve functional
outcomes. 16
Klitzman et al. found patients had improved functionality in cases with breaking or loosening of the syndesmotic screw. Song et al. investigated the benefits of
syndesmotic screw removal after initial fixation and
found an incidence of 36% syndesmotic malreduction
following rigid screw fixation on axial CT scans.18 The
screws were then removed three months after initial fixation. The second CT scan was taken one month after
screw removal and revealed 89% of the patients had
spontaneous reduction of the syndesmosis.18 Although
there have been good results with rigid fixation, longterm studies suggest flexible fixation may be superior
to rigid fixation.
Flexible fixation of the syndesmosis has been
shown to accommodate the normal physiologic motion
of the fibula during weightbearing and the gait cycle.
The dynamic stability from flexible fixation allows the
fibula to migrate distally while still maintaining a rotational component.16 This micromotion allows for earlier
weight bearing, ligamentous repair, and less scar deposition following syndesmotic disruption.16,19,20 Early
mobilization has also been shown to reduce the risk of
complications and postoperative diastasis. A retrospective study of 76 patients by Schepers et al. found complication rates as high as 22% with syndesmotic screw
removal and a 6% rate of recurrent diastasis when using
rigid screw fixation.19 As previously mentioned, many
of these complications were caused by prolonged rigid
stabilization and malreduction. The American Orthopaedic Foot and Ankle Society (AOFAS) Ankle and
Hindfoot scoring system is used to evaluate the progression patients make post-operatively. The scale is scored
from 0 to 100 points combining subjective pain and
functional outcomes with objective clinical findings. A
total score of 100 points indicates no pain, symptoms,
or impairments. The points are subdivided by category,
50 points indicate no pain, 40 points for full function,
and 10 points for correct alignment. When comparing
rigid versus flexible fixation over a five year follow up
period in a randomized controlled trial of 81 patients,
Raeder et al. found significant improvements in
AOFAS scores and functionality with flexible fixation.11 Patients that obtained a suture button fixation
had a median AOFAS score of 100 compared to the
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syndesmotic screw group with a score of 90 (p=0.006).
Their study also showed that syndesmotic malreduction
was found to be an independent risk factor for developing osteoarthritis. Additionally, there was nearly a
three-fold increase in osteophyte formation seen with
screw fixation. Limitations to their study included a
non-blinded follow-up and imbalances of fracture patterns when randomizing. The suture button group had
more posterior malleolar and medial malleolar fracture
patterns.11 Although the rates of malreduction are comparable between fixation devices, the prevalence of osteophyte formation with flexible fixation is thought to
be lower because the fibula can self-adjust and accommodate for syndesmotic malreduction.2,11

1.

2.

3.
4.

5.
CONCLUSION
Physicians should be aware of the long-term effects of improper syndesmosis reduction. Anatomic
variation of fibular incisura and fibular positioning
should be considered with each patient as dynamic
functions of the syndesmosis may vary. It is imperative
to obtain appropriate imaging to avoid malreduction of
the syndesmosis. Once the syndesmosis has been evaluated, appropriate fixation of the ankle joint can reduce
complications. Flexible fixation or the timely removal
of rigid screw fixation may preserve the dynamic functionality of the syndesmosis. Maintaining the natural
kinematics of the fibula may aid with the reduction of
the syndesmosis and reduce post-traumatic osteoarthritis.
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Early Mobilization versus Immobilization as Postoperative
Treatments of Lateral Malleolar Fractures:
A Literature Review
Maribel Espinoza, B.A., M.S., Lili Hooshivar, B.A., Derek Knapp, B.S., Khoa Nguyen, B.S.
ABSTRACT
The postoperative treatment of lateral malleolar
fractures following open reduction and internal fixation
(ORIF) surgery can be controversial. Clinical trials often examine two different treatment pathways: immobilization in a non-removable cast or early mobilization
in a removable orthosis. Our analysis of 15 studies
found no statistically significant difference between patients treated with casting versus orthoses for long-term
pain, swelling and late ankle range of motion (ROM).
However, patients treated with removable orthoses did
have less calf atrophy and earlier ankle joint ROM recovery, leading to an earlier return to work. The only
observed significant disadvantage of early mobilization
in an orthosis was a slightly higher rate of skin ulceration, which triggered hardware removal in a few patients. Similarly, a significant complication of immobilization in a cast was the higher prevalence of deep venous thrombosis (DVT). Overall, because results were
similar between the two treatment groups, we conclude
that occupation and lifestyle should be considered when
determining post-operative treatment. Active patients
with a more immediate need for returning to work
should benefit from early mobilization. However, patients without this need may be better treated in a nonremovable cast, although they should be continuously
monitored for the presence of DVT.
INTRODUCTION
Ankle fractures are among the most common lower
limb fractures,1 and over the last several decades recurrence rates have been constantly increasing in both
young active patients and the elderly.2 The normal anatomy and biomechanics of the ankle joint can generally
be restored with an open reduction and internal fixation

(ORIF) procedure.2,3 Currently, the indications for operative treatment of ankle fractures are clear, involving
realignment and fixation; however, controversy remains with regard to many aspects of the postoperative
care of these fractures.2 Proponents of the early mobilization regimen argue that it decreases ankle stiffness
and swelling, restores range of motion (ROM) in the injured joint, limits muscle and bone atrophy, aids in early
return to activities, and prevents “fracture disease.”
Fracture disease, or cast disease, refers to an increase in
osteoporosis, lymphedema, and the potential for DVT,
all which can increase with immobilization.1,4 Opponents of the early mobilization regimen argue that it
risks wound complications, which may lead to displacement of the fixed fractures.1 Ultimately, the goal of any
postoperative treatment regimen is to shorten the time
of convalescence and to attain full weight bearing as
soon as possible.5 The aim of this review is to systematically analyze the literature to answer whether early
mobilization in an orthosis or immobilization in a cast
is a better postoperative treatment after stable internal
fixation of lateral malleolar fractures.
ETIOLOGY
More than half of ankle fractures involve the distal
fibula at the level of the tibiofibular syndesmosis, which
are usually caused by falls.6 Ankle fractures can be classified as group A, B, or C according to the Danis-Weber
Classification. A type A fracture is a distal transverse
fracture of the fibula, below the level of the syndesmosis. A type B fracture is an oblique fracture of the fibula,
at the level of the syndesmosis, with 50% accompanied
by tibiofibular ligament ruptures.
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Table 1. Summary of the characteristics analyzed from each of the included studies as they appear in the literature review (n = study population)
Year

(n)

Injury Pattern

Thomas et al.

2009

-

-

Lehtonen et al.

2003

100

Weber A/B

Scoring System
Olerud and Molander

Weight
Bearing
At 4 weeks

Early Motion

Comparison

Air-Stirrup ankle
brace

-

Functional
scores
Immediately
Brace
Olerud and Molander &
Non-weight
AOFAS
bearing
Removable Cast
Olerud and
Tegner
At 3 weeks
Removable brace
Olerud and
Molander
Immediately
Removable brace
Olerud and
Molander
At 2 weeks
Bandage
Olerud and
Below knee walking
Molander
At 2 weeks
Plastar Cast
Functional
NonAir-Stirrup ankle
scores
weightbearing
brace

Tropp et al.

1995

30

Weber B/C

Vioreanu et al.

2007

62

All types

Siamanski et al. 2006
Van der Berg
et al.
2018
Honigmann et
al.
2007

43

Weber B/C

44

Weber B

45

Weber A/B

Dogra et al.

1999

52

All types

DiStacio et al.

1994

61

All types

Agir et al.

2015

53

All types

Hedstrom et al. 1994

53

All types

AOFAS
Functional
scores

Cimino et al.

1991

51

Stuart et al.

1989

40

Weber A/B/C
Lauge-Hansen
stage II

Functional
scores
Functional
scores

At 48 hours

Farsetti et al.

2009

44

Weber A/B/C

AOFAS

Olerud and
Dietrich et al.
2002 38
Weber B
Molander
Olerud and Molander, AOFAS,
Visual Analog
Van-Schie et al. 2011 185
Weber B
Score (VAS)
25
Weber, AO or
Olerud and
Smeeing et al. 2015 studies Lauge Hansen
Molander
A type C fracture is an oblique fibular fracture, proximal to the syndesmosis, and is consistently associated
with rupture of the tibiofibular ligament. Furthermore,
fractures may also occur through the medial malleolus
and incur damage to the deltoid ligament.3 The studies
used in this paper only incorporated Weber type B and

Cast
Plaster cast

Cast
Plaster Cast
Cast
Orthosis
Plaster Cast
Cast

Immediately Below the knee cast Plaster Splint
Nonweightbearing
Orthosis
Walking Cast
At 3 weeks

Ankle-foot Orthosis
(AFO)

Cast

At 8 weeks

Aircast ankle brace
Passive motion machine

Plaster
Splint or cast

Full weight
bearing on
crutches

Aircast ankle brace

Cast

At 2 weeks

Below the knee cast

Cast

-

-

-

C ankle fractures; type A ankle fractures were not the
primary focus of this literature review.
POST-OPERATIVE TREATMENT
Stable type B and C ankle fractures are typically
treated postoperatively with cast immobilization or a
walking boot for a 6-week period.3,6 Plaster casting is a
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conventional and safe treatment for ankle fracture management postoperatively. However, this treatment has
certain disadvantages, such as complete immobilization
of the ankle and difficulty with starting rehabilitation.
Other disadvantages of casting include joint stiffness,
muscle wasting, and lack of comfort.6 Treatment with a
removable brace is a safe and comfortable option for
ankle fractures, although its use may result in skin ulceration when accompanied with early mobilization.3

assigned to either a non-weight bearing group with active ankle movements of dorsiflexion and plantarflexion 24 hours after surgery, or into a non-weightbearing
group in plaster slab with no ankle movement. Two
weeks later, both groups integrated graduated weight
bearing.8
Simanski et al. measured pain intensity using the
numerical rating scale (NRS 0–4 points): 0 = no pain, 1
= little pain, 2 = moderate pain, 3 = strong pain, and 4
= excruciating pain. Honigmann et al. and Dogra et al.
measured pain using the visual analogue scale (VAS 010 points).7, 8 Pain in all patients regardless of postoperative treatment was comparable, around the 1.7-1.9
range on the NRS scale (P = 0.12, Mann-Whitney U
test) and 1-3 point range on the VAS scale after surgery
and at discharge.5,7
Data for pain evaluation was inconsistent across
the studies. At 6 weeks, Honigmann et al. stated a VAS
score of 0-1 in the cast group and 0-1.5 in the orthosis
group. At the 10-week mark, the data stated a VAS
score of 0-1.5 in the cast group and 0-2 in the orthosis
group.7 The data suggested that although pain level was
not significantly different among groups, it was slightly
higher in the orthosis group. In contrast, at the 12-week
mark, Dogra et al. found a 3.0 VAS score in the cast
group and a 2.8 VAS score in orthosis group.8 Due to
the inconsistent data across studies, we are unable to
conclude the success of pain prevention of either treatment.

The “SCORING SYSTEM”
Pain
Three studies were analyzed to determine how patient pain is measured when comparing early mobilization vs. immobilization following ORIF (Table 2).
Simanski et al. performed a prospective study of 43 patients with uni- or bimalleolar Weber B/C fractures undergoing ORIF. After surgery, patients were assigned
to postoperative treatment of early weight bearing with
a removable functional brace or non-weight bearing
with circular rigid below knee plaster cast (BKC) and
crutches.7 Honigmann et al. performed a randomized
controlled trial of 45 patients with Danis-Weber A/B
isolated malleolar fractures undergoing ORIF. After
surgery, patients were randomly assigned to a postoperative treatment of either stabilization in a vacuum orthosis or without external stabilization.7 Dogra et al.
performed a randomized controlled trial of 52 patients
with bimalleolar ankle fractures after undergoing stable
internal fixation. After surgery, patients were randomly
Table 2. Measured Pain

Simanski et al.

Honigmann et
al.

Droga et al.

Pain Intensity NRS Scale

Pain Intensity VAS Score

CAST

1.7

n/a

EARLY
WEIGHTBEARING

1.9

n/a

p-value

p<0.12

n/a

CAST

n/a

0-1 ± 1

ORTHOSIS

n/a

0-1.5 ± 2

p-value

n/a

"not statistically significant"

CAST

n/a

3

EARLY WEIGHT
BEARING

n/a

2.8

p-value

n/a

"not statistically significant"

Atrophy
Two studies were analyzed to compare muscle atrophy in early mobilization versus immobilization
groups following ORIF (Table 3). Vioreanu et al.

performed a prospective randomized controlled study
of 62 patients with Weber A/B/C fractures that required
ORIF. Patients were placed in postoperative regimens
of immobilization in a non-weight bearing BKC or
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early mobilization in a removable cast.4 Lehtonen et al.
performed a study with 100 patients with Weber A/B
ankle fractures that were displaced or unstable. After
operative treatment, patients were randomly allocated
postoperatively into immobilization in a BKC or early
mobilization in a functional ankle brace.2
When immobilized, patients are not using their
muscles. Over time, muscles become physically smaller
and weaker—a term referred to as atrophy. The more
atrophy a patient incurs before they are fully active
again, the longer it will take to gain back their original
muscle size and strength. In the studies mentioned
above, calf muscle atrophy was determined by measuring the circumference of the injured leg’s calf muscle at
10 centimeters (cm) distal to the tibial tuberosity using
a tape measure.2,4 Vioreanu et al. found there was significantly less calf muscle atrophy (2.5 cm difference),
p < 0.005, at 6 weeks postoperatively in patients who
had been exercising their ankle in comparison to patients who had been fully immobilized for 6 weeks.
Moreover, patients in the early mobilization group had
better dorsiflexion and plantarflexion at 6 and 9 weeks

when compared to patients that were fully immobilized
(p < 0.05).4
Lehtonen et al. also evaluated the long-term effects on calf muscle atrophy in both groups from 6
weeks to 2 years. At 6 weeks, the immobilized cast
group showed a calf muscle size decrease of -10 ± 24
millimeters (mm), while the orthosis group had a decrease of -4 ±12 mm. At 12 weeks, the immobilized cast
group had a calf muscle size decrease of -8 ± 10 mm,
while the orthosis group had a decrease of -6 ±10 mm.
At 2 years, the cast group had a calf muscle size back
to 0 ± 7 mm, while the orthosis group had all members
gaining new muscle at 1 ±8 mm.2 Data suggests that
from 6 weeks to 2 years postoperatively, the orthosis
group had less muscle atrophy. Overall, the effect of atrophy was temporary and mostly significant in the early
phase of recovery. Patients treated with immobilization
eventually regained muscle through rehabilitation programs. In the long term, the data shows no statistically
significant differences between the groups when these
parameters were compared.

Table 3. Measured Atrophy
Vioreanu et al.

Lehtonen et al.

Atrophy 6 Weeks

Atrophy 12 Weeks

Atrophy 2 Years

3.5 cm ± 0.54

n/a

n/a

1.016 cm ± 0.964

n/a

n/a

p-value

p<0.005

n/a

n/a

CAST

-10 mm ± 24

-8 mm ± 10

0 mm ± 7

BRACE

-4 mm ± 12

-6 mm ± 10

1 mm ± 8

p-value

p=0.0276

p=0.0276

p=0.0276

CAST
REMOVABLE
CAST

Swelling
Postoperative swelling was measured at varying
time intervals for many studies, as shown in Table 4 below. Most studies observed swelling at time periods
ranging from three weeks to 18 months postoperatively.2, 3, 4, 9, 10, 11 Although swelling was usually
slightly increased for the immobilized cast group in the
early stage, such as during the 6- and 12-week postoperativeperiods, swelling measurements were mostly
comparable by 52 weeks postoperatively.2, 3, 4, 9, 10, 11
To determine swelling measurements, Lehtonen et
al. measured ankle circumference at the malleoli level
of the operated and non-operated ankles and calculated
the difference. At six weeks, swelling in the ankle was
20 ± 19 mm in the cast group and 18 ± 14 mm in the
orthosis group.2 At 52 weeks, swelling was 11 ± 9 mm
in the cast group and 10 ± 8 mm in the orthosis group.2
The differences between the two groups were not

statistically significant at the early or late stage, although the p-values were not mentioned in the study.
Similar results were found in the Tropp et al. study,
which included 30 patients who had undergone ORIF
procedures. These patients were randomly assigned to
either an immobilized plaster cast group for 6 weeks or
an early mobilization (1-2 weeks postoperatively) ankle
brace group. At the 10-week mark, ankle swelling was
measured as 16 ± 12 mm and 15 ± 10 mm for the cast
and orthosis groups, respectively.3 By 52 weeks, this
was reduced to 5 ± 8 mm in the cast group and 5 ± 7
mm in the orthosis group.3 This study did not provide
information regarding how the swelling measurements
were taken, nor listed the p-values. However, they
noted that swelling differences between the two groups
were not statistically significant at either time interval.
A similar trend can be shown in many of the other articles as well.4, 9, 10, 11
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Overall, the results in the aforementioned studies
showed that swelling observed in earlier time intervals
for the immobilized cast group, though slightly increased, was not statistically significant from the swelling observed in the removable cast group.2, 3, 4, 9, 10, 11 At
later time intervals, such as 52 weeks postoperatively,
swelling in the cast and orthosis groups were very

similar. Overall, the authors concluded that the measurement of swelling for both groups appeared to be similar throughout the postoperative period. Neither postoperative treatment was more effective in reducing ankle swelling.

Table 4. Swelling
Lehtonen et al.

Tropp et al.

Swelling (mm) - Early appt.

Swelling (mm) - Late appt.

CAST

20 ± 19

11 ± 9

ORTHOSIS

18 ± 14

10 ± 8

p-value

"not statistically significant"

"not statistically significant"

CAST

16 ± 12

15 ± 10

5±8

5±7

p-value

"not statistically significant"

"not statistically significant"

CAST

22.8 ± 8.9

n/a

ORTHOSIS

21.2 ± 15.2

n/a

p-value

"not statistically significant"

n/a

CAST

31

<10

ORTHOSIS

33

<10

p-value

"not statistically significant"

"not statistically significant"

CAST

not given

not given

ORTHOSIS

not given

not given

p-value

p<0.001

p<0.001

CAST

10

6

ORTHOSIS

13

8

"not statistically significant"

"not statistically significant"

ORTHOSIS

Vioreanu et al.

DiStacio et al.

Agir et al.

Hedstrom et al.

p-value

Range of Motion
There were some important differences in ankle
ROM recovery in the two groups, as shown in Table 5
below. First, different studies employed different methods of recovery management. Eight studies were chosen to evaluate ROM. Four allowed for full immediate
weight bearing after treatment for both mobilized and
immobilized groups.3, 11, 12, 13 Four did not allow any
weight bearing immediately after the treatment.4, 8, 9, 14
Tropp et al. compared a removable brace to cast
immobilization. Early weight bearing was allowed in
both groups. After six weeks, a significant increase in
ROM was found in the removable brace group.3 The report showed an improvement of 12 degrees ±13° in total

ROM in the brace versus plaster groups.3 In contrast,
neither of the two groups described by Vioreanu et al.
were allowed weight bearing, although they were instructed to carry out early exercise. The removable cast
group was reported to have significantly higher ROM
after six weeks.4
In another case, Cimino et al. allowed both groups
unrestricted weight bearing. An insignificant difference
was found in plantarflexion between the orthosis and
cast groups; however, there were 23 out of 32 patients
in the orthosis group with more than 15° of dorsiflexion, compared to only 6 out of 19 in the cast group.12
Stuart et al. observed similar results when comparing
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air stirrups and walking plasters in 40 patients, with a
reported significantly increased ROM at
Table 5. ROM Results
Tropp et al.

Vioreanu et al.

Dogra et al.

Cimino et al.

Distasio et al.

Farsetti et al.

Stuart et al.

CAST
ORTHOSIS
p-value
CAST

ROM - Early appt.
40
49
0
18.29

ROM - Late appt.
30.32

ORTHOSIS
p-value
CAST
ORTHOSIS
p-value

34.07
p<0.005
20
17.5
0.81 (DF) and 0.83 (PF)

48.16
p<0.005
-

CAST
ORTHOSIS
p-value
CAST

51
55
0.014
22.7 (DF and PF)
15.2 (EV and IN)

62
67
0.014
49.1 (DF and PF)
34.5 (EV and IN)

ORTHOSIS

16.2 (DF and PF)

50.9 (DF and PF)

p-value
CAST

10.7 (EV and IN)
0.0001
34 (DF and PF)
44 (EV andIN )

39.9 (DF and PF)
0.0027
-

ORTHOSIS

52 (DF and PF)

-

p-value
CAST
ORTHOSIS

50 (EV and IN)
0.01
-

-

-

-

p-value
time of union.13 These results were temporary, as it was
shown that immobilized patients quickly improve ROM
once the rehabilitation program starts.4
Only one study, by Hedstorm et al., reported no
significant difference between the early mobilized and
immobilized groups. However, it was also observed
that there was a better result in the linear analog scale
at three months. The linear analog scale is a sum of values including ROM, complications such as pain, swelling, limping, and impaired activities. The scale is rated
from 0, a completely normal value, to 100, entirely disabled. The cast group had a scale of 41.5 and the orthosis group had a scale of 30, showing that the late motion
group had a much higher level of limitation early after
the surgery.11
Dogra et al. reported that early weight-bearing is a
possible factor that could have affected the results of

other studies and attempted to measure ROM at the 2week mark. Patients were not allowed to weight bear
for at least two weeks after surgery. The study found no
significant differences between the two groups at three
months.8 Farsetti et al. conducted a similar study and
did not allow immediate weight-bearing. One difference was the use of a passive mobilization machine for
patients after treatment. The average ROM for the forefoot was 52° in the early motion group and 34° in the
immobilization group in flexion and extension, and 50°
in the early motion group and 44° in immobilization
group for inversion and eversion. The results were comparable for the hindfoot, with 50° for early motion patients and 44° in immobilized patients.14 Similar results
were found when Distasio et al. observed 61 active duty
military patients. Both groups were advised for nonweight bearing six weeks after surgery, with early
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mobilization groups displaying significantly better subjective scores at three and six months postoperatively.
However, objective scores showed no significant difference.9
It is important to note that despite reporting no difference in ROM results, Dogra et al. found that 20 of 26
of the patients in the early mobilization group reported
a better, symmetrical gait compared to only 6 of 26 in
the late mobilization group.8 Honigman et al. reported

patients to have a higher confidence in walking with
most of the patients fully weight bearing six weeks
postoperatively.7 In conclusion, there is evidence of an
earlier restoration of ROM for the early mobilized patients. However, it should be noted that the long-term
result is similar for both types of postoperative treatment.

Table 6. OMAS & AOFAS Scores

Vioreanu et al.

CAST
REMOVABLE
CAST
p-value

OMAS 9 Weeks
Post Op

OMAS 12
Weeks

AOFAS 9 Weeks
Post Op

AOFAS 12 Weeks
Post Op

63.75 ± 9.19

81.07 ± 9.56

82.11 ± 5.8

92.57 ± 4.03

79.92 ± 11.32

93.17 ± 8.76

89.96 ± 7.46

95.89 ± 4.78

p<0.005

p<0.005

p<0.005

p<0.005

OMAS & AOFAS Scores
When analyzing subjective data from ankle fractures, there are two commonly used scoring systems.
The first is the Olerud-Molander Ankle Score (OMAS).
For the OMAS scoring system, there is a total score of
100. A score of 91-100 is considered excellent, 61-90 is
good, 31-60 is fair, and anything below fair is poor.15
The other scoring system is the American Orthopedic
Foot and Ankle Society Ankle-Hindfoot (AOFAS)
score. The OMAS is a patient questionnaire with a
score of 0 (totally impaired) to 100 (completely unimpaired). The system is based on nine different items:
pain, stiffness, swelling, stair climbing, running, jumping, squatting, supports (e.g., taping, crutches), and
work/activities of daily living.16 The AOFAS score includes questions on pain, activity and functional limitations, walking distance, difficulty with different terrains, gait abnormality, sagittal ROM at the ankle and
ROM at the subtalar joint, stability, and alignment
(whether or not plantigrade).16
Vioreanu et al. observed that early mobilization in
patients with a removable cast presented with higher
functional scores (OMAS and AOFAS) at 9 and 12

weeks postoperatively. The patients also returned to
work earlier (67 days), compared to those who were
treated in non-weight bearing BKCs (95 days), p <
0.05.4 Smeeing et al. completed a systematic review and
meta-analysis using 25 articles that used both randomized trials and cohort studies evaluating the postoperative care regimen of ankle fractures, which included
Weber, AO, or Lauge-Hansen classifications. The effect of mobilization, weight bearing, and unprotected
weight bearing as tolerated on postoperative recovery
was compared using the OMAS score, return to
work/daily activities, and the rate of complication.
There were no notable differences found between the
groups in OMAS, postoperative pain intensity, and duration of hospital stay for patients who had unprotected
weight bearing as tolerated immediately after surgery.
An analysis of return to work/daily activities resulted in
a statistically significant mean difference of 36.7 days
in favor of the unprotected immediate weight bearing
group.17

Table 7. Return to Work
Return to work in days (Mean)
Smeeing et al.

Immobilization

91.3

Ankle Exercises

54.6

Mean Difference

-36.7

p-value
Vioreanu et al.

CAST
REMOVABLE
CAST
p-value

p=0.03
94.9
67
p<0.05
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Complications
Different types of complications, for both cast and
removable orthosis groups, were observed in several
studies. The most common types of complications were
DVTs and superficial wound complications, which
were often accompanied by infection.4, 11, 12, 13 In the
study conducted by Cimino et al., there were 4 wound
complications - two in the cast group and two in the orthosis group. Three patients healed uneventfully, while
one patient in the orthosis group developed wound dehiscence, which led to the removal of hardware.12
Hedstrom et al. also reported three superficial wound
infections, one in the cast group and two in the orthosis
group. All three wounds healed following local treatment.11
Furthermore, Vioreanu et al. described two patients
in the cast group who developed DVT of the popliteal
vein, which was found during their clinical assessments. Both patients had an uneventful recovery following oral warfarin treatment.4 Three patients in the
orthosis group developed wound complications. One
out of two patients had a superficial wound infection
followed by an uneventful recovery. The other two patients had deep soft tissue infections, which resulted in
the removal of hardware.4 Similar results were seen in
the Stuart et al. study, which included 40 patients randomly assigned to a plaster cast or air stirrup group. The
authors reported two cases of DVT in the cast group and
one case of superficial skin ulceration, which healed
without complication.13 Overall, wound complications
were seen in both treatment groups, with a propensity
for the removable orthosis and early mobilization
groups, while DVT was seen mostly in the immobilized
cast group.
CONCLUSION
The aim of any surgery is to aid patients in achieving full healing and return to their normal daily
lives, as early as possible. To ensure a safe healing, it
is best to keep the patient in a cast that limits motion,
keeping the bones and any hardware in their fixed position. However, this process is long and can limit a patient’s daily activity. Evidence shows that postopeative
early mobilization in a removable orthosis demon
strates quicker results in terms of ROM. This correlates
with better gait and an earlier return to daily activities,
including work. Early mobilization also leads to a decrease in total muscle atrophy and DVT development in
patients. Therefore, a removable orthosis may be preferred to allow the patient to regain quicker mobility after surgery. When deciding which postoperative treatment should be used, it is important to consider social
situation, lifestyle and goals.

Conversely, there is little significant difference in
pain, swelling, and long-term recovery between the two
groups. Furthermore, a limitation for this paper is that
it fails to take into account any possible variations of
age, gender, or type of work. This is due to a lack of
information provided by the original trial researchers.
This information could allow for a more specific description regarding who would benefit more from each
treatment.
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Peroneus Brevis Muscle Flap for the Coverage of
Lateral Ankle Defects
Shi Zhang, BSN
ABSTRACT
Lateral ankle wounds are often difficult to manage as there is an inherent lack of soft tissue in that
anatomical area. With exposed tendon or bone, a free
or local flap is the only viable option to provide necessary coverage. For lateral ankle wounds, flap options
include a sural artery fasciocutaneous flap, a free anterolateral thigh flap and a peroneus brevis muscle
flap. A versatile option is the peroneus brevis muscle
flap in which the peroneus brevis muscle belly is reflected off the lateral fibula to provide coverage of a
distal lateral ankle defect. This paper explores outcomes for the use of a peroneus brevis muscle flap in
small to medium sized lateral ankle wounds.
INTRODUCTION
Lateral ankle defects are challenging as there
is an intrinsic lack of soft tissue to cover the lateral
malleolus. Free flaps, the gold standard for covering
lower leg wounds, are a segment of tissue either transferred with its own blood supply or connected with the
blood supply at the desired destination.1 A peroneus
brevis muscle flap (PBMF), for example, is an effective choice to cover a lateral distal leg defect in the
right patient.2, 3, 4 The use of peroneal flaps to cover
lower leg defects were first mentioned by Dr. Pers and
Medgysei as an alternative to cross legged flaps or free
flaps. 5 More recently, a case series by Eren et al. repopularized the PBMF as a reliable method for distal
lateral leg defect coverage.3 The flap has consistent
anatomy and vascularity, as well as minimal donor site
morbidity.3, 4
ANATOMY
The PBMF was originally described as a type II
flap by Mathes and Nahai.6A type II flap is a muscle
that has dominant vascular pedicles, consisting of
large pedicles entering the muscle proximally and
small pedicles entering the muscle itself.6 The PBMF
has since been reclassified as a type IV flap, meaning
that it has multiple pedicles, known as segmental vascular pedicles, entering from its origin and insertion.6,

7

The peroneal brevis muscles lies in the lateral compartment and is supplied by branches from the anterior
tibial artery and peroneal artery.8 The average distance
from the distal vascular branch to the tip of the malleolus is 4.3+/- 0.6cm an important quantitative reference point for the rotation of the flap distally.9
SURGICAL TECHNIQUE
The surgical technique to harvest a PBMF was
first described by Eren et al.3 First, the axis of the fibula as measured from the fibular head to the distal tip
is marked. Next, an incision is made 1 cm posterior to
the drawn axis. The peroneus brevis muscle is then anatomically dissected from the peroneus longus muscle
in a proximal to distal fashion. Subsequently, the proximal pedicle of the peroneus brevis is ligated up to the
distal 1/3 of the fibula where the distal pedicle is located and where the rotation of the PBMF distally can
occur. The proximal muscle is then transposed distally
to cover the defect. A split thickness graft is used to
overlay the flap.3
OUTCOMES
Eren et al. conducted a wound coverage study
of 19 patients with an average age of 51 years of age.
Common comorbidities included diabetes mellitus and
tobacco use. Ten patients had skin defects in the lateral
malleolar region, 5 patients had achilles region necrosis, and 4 patients had skin defects in the tibial and medial malleolar areas. Primary healing was achieved in
16 patients (84%) with a mean follow up of 24 months
ranging from 6 to 72 months with no specific followup intervals. The only morbidity authors found was
donor site scarring.3
Antonini et al. retrospectively evaluated 11
wound coverage patients who underwent PBMF transfer status post traumatic bone infection. The average
follow up was 40.2 months, and patient ages ranged
from 31 to 87, without specific comorbidities listed.
The surgical technique included removal of all devitalized tissue and removal of hardware. A joint
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spanning external fixator was used when stability was
needed. Seven of the 11 patients received a PBMF and
two patients received an osteomuscular graft which
consisted of the peroneus brevis muscle belly and part
of the fibula.10 Nine of eleven patients (81%) were able
to achieve either primary or secondary healing. No donor site complications occurred, and only one patient
had recurrence of bone infection10.
In a retrospective case series, Schmidt et al. reviewed 109 patients, 40/109 (36%) who presented
with lateral malleolar wounds. The median follow up
was 36 months. The purpose of their study was to identify the strengths and weaknesses of the PBMF in its
role as a osteomuscular graft.4 The etiology of the defects were mostly injury or posttraumatic osteitis. Secondary causes included pressure ulcers and inadequate
coverage post excision of unstable scars. Out of the
109 patients, 8/109 (7%) had an osteomuscular flaps.
All muscle flaps were covered with split thickness or
full thickness grafts.4 Fifty-five patients (50%)
achieved primary wound healing with no donor site related problems.4 All of the osteomuscular flaps healed.
Some of the complications included minor superficial
skin graft loss in eight patients, partial skin loss needing skin transplantation in 16 patients, loss the tip of
flap needing further intervention in 18 patients, and total flap loss in nine patients.4
Bach et al. use a PBMF in 15 patients for coverage
of small and moderate defects of the distal leg. The
average follow up was 9.3 months. The common
causes of the defects were posttraumatic or infectious.
Three patients required lateral malleolar coverage, and
all achieved primary wound healing. Fourteen flaps
survived completely, with only one flap developing
superficial necrosis.11
DISCUSSION
Wounds of the lateral ankle are difficult to manage as there is a lack of soft tissue in that anatomical
region. Muscle flap coverage may be considered .5 A
PBMF is an option for distal coverage with satisfactory outcomes.3, 4, 10, 11 PBMF allows for primary closure of lateral ankle defects with concurrent osteomyelitis and posttraumatic osteitis with minimal donor
site morbidity. With bony defects, the osteomuscular
flap provides solid structural support, 3, 4, 10, 11 In an Osteomuscular graft,the proximal or middle third of the
fibula provides osseous support in areas of bone loss.4
Both Schmidt and Antonini had success with integration of osteomuscular graft for bony defects with good
integration.4, 10 Additional advantages of this flap are
the relative simplicity of the technique, not needing a
surgical microscope, and the relative speed of the procedure.3 Also, if the flap fails, a free flap can be used
in a revision procedure.3

Based on the results of several studies the PBMF
appears to be a reasonable treatment option, however
it is not without complications. Common complications of the flap include superficial skin graft loss, partial flap necrosis, and complete loss.4 Some authors advocate mapping of the distal vascular pedicle in highrisk patients to decrease complications11; while others
found the mapping of the vascular pedicle unreliable.4
Schmidt et al. achieved primary healing in 50.5%
of their 109 patients, meaning a little less than half of
their patients still required either wound care or revision procedures.4 A common complication noted by
multiple authors is distal flap necrosis.3, 4, 9, 12 Future
studies should focus on differences in outcomes if the
vascular pedicles are mapped out and if fluorescence
imaging systems are used to assess the viability of the
flap. Another point to explore is the comparison of the
PBMF to other flaps commonly used in foot and ankle
surgery, such as the reverse sural artery flap.
CONCLUSION
In conclusion, despite some complications, the
peroneus brevis muscle flap provides a versatile option
for small to medium sized lateral ankle defects. The
flap provides coverage with minimal donor site morbidity, good space occupying capacity, ease of dissection, and utility even in infected wounds.
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Benefits of the Reverse “Home Run” Screw in
Lisfranc Injuries
Zohaib Moon, B.A.
ABSTRACT
Injuries to the tarsometatarsal joint, commonly referred to as the Lisfranc joint, can be severely debilitating and typically require surgical intervention to
properly address the deformity. While the literature has
often debated between open reduction internal fixation
(ORIF) versus primary fusion, there is limited research
regarding optimal screw orientation for ORIF. The traditional approach to inserting the “Home Run” screw is
oriented from the medial cuneiform to the second metatarsal, however this literature review aims to highlight
the advantages of inserting the “Home Run” screw in
reverse fashion, from a distal-lateral to proximal-medial orientation. This review correlates previously published anatomic descriptions of the tarsometatarsal joint
to justify the use of the reverse “Home Run” screw, as
well as its potential benefits in terms of accessibility
and stability. This underutilized method of fixation
could prove very useful for surgeons dealing with the
complexities of Lisfranc fracture dislocations.
INTRODUCTION
A Lisfranc injury broadly refers to any injury involving the tarsometatarsal joint, ranging from ligamentous sprains to fracture dislocations. While relatively infrequent, 20% of Lisfranc injuries are initially
misdiagnosed, making the management and treatment
of the Lisfranc joint complex, potentially resulting in
chronic pain and prolonged disability.1 The purpose of
this literature review is to describe the benefits in an alternative approach to Lisfranc fixation, which is placing
the “Home Run” screw in reverse direction, from the
second metatarsal base to the medial cuneiform. This
method can be applied within the conventional incisions used for Lisfranc fracture fixation, allowing the
surgeon to peri-operatively alter their fixation approach
after achieving joint visualization or after initially unsuccessful attempts at K-wire stabilization. This distal
to proximal approach is technically simple and provides
increased surface area for contact, therefore resulting in
better structural stability.

LISFRANC JOINT ANATOMY
The tarsometatarsal (TMT) joint, commonly
known as the Lisfranc joint, is comprised of the medial
cuneiform, intermediate cuneiform, lateral cuneiform
and the cuboid articulating with the five metatarsal bases distally. The TMT joint is crucial in terms of both
stability and flexibility, being divided into a medial and
lateral column. The medial column is formed by the
first three metatarsal-cuneiform articulations, whereas
the lateral column is composed of the fourth and fifth
metatarsal articulation with the cuboid. Joint stability of
the medial column is determined by the trapezoidal
shape of the first three metatarsal bases and their respective cuneiform bones. Together these form the stable ‘transverse arch’ of the foot.2 The second metatarsal
serves as the keystone of the arch, wedged between the
medial and lateral cuneiforms, thus forming a mortise
at the second TMT joint. This construct is important in
providing stiffness and stability to the medial column
of the foot. The lateral column, on the contrary, is built
to have increased mobility to adapt to different terrain
during the gait cycle.
While the osseous alignment of the bones serves a
critical role in providing stability of the TMT joint, the
ligaments are equally as important. Each TMT joint has
both dorsal and plantar ligaments connecting the
metatarsals with their respective tarsal bones. The
plantar ligaments are stronger than their dorsal
counterparts, which is why dorsal displacement of the
TMT joint is more common.3 The second through fifth
metatarsals are conjoined by intermetatarsal ligaments.
While there is no intermetatarsal ligament connecting
the first and second metatarsal bases, there is an
interosseous ligament that connects plantarly from the
lateral aspect of the medial cuneiform to the medial
aspect of the second metatarsal base, known as the
Lisfranc ligament. This ligament is considered the
strongest of the aforementioned ligaments and is
essential in maintaining the stability of the TMT joint
and arch. On average, it is twice as large as the plantar
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ligament and four and a half times larger than the dorsal
ligament, thus making it the strongest ligament of the
TMT joint.4
STANDARD “HOME RUN” SCREW FIXATION
Fixation of a Lisfranc joint injury typically requires
open reduction internal fixation (ORIF) or primary fusion. The standard incisions for ORIF of Lisfranc injury
are placed dorsally over the first and fourth proximal
interspace, ensuring visualization as well as substantial
distance between the two incision sites. Typically, fixation of the medial three TMT joints is done using
screws, and the fourth and fifth with K-wires. This is
done to construct the medial column as a rigid lever and
the lateral column as a mobile adapter.
With significant disruption of the Lisfranc ligament, a “Home Run” or Lisfranc screw is frequently inserted to ensure complete re-approximation of the second metatarsal into its inter-cuneiform recess. The
“Home Run” screw is placed in the direction of the Lisfranc ligament itself; oriented plantar/proximal/medial
to dorsal/distal/lateral from the middle of the medial cuneiform to the base of the second metatarsal. This screw
is typically inserted last after the rest of the necessary
fixation has already been performed. Mayne et al.
aimed to evaluate the functional capability of the
“Home Run” screw using eight below knee cadaveric
specimens. Their study assessed simulated weight bearing with sequential ligamentous injury and stabilization.3 Measurements of 1st–2nd metatarsal widening
and dorsal TMT joint displacement at each ray were
made to determine the stabilizing contribution of each
anatomical structure and fixation. The study concluded
that first and third TMT stabilization were unnecessary,
and the minimal amount of fixation required is the
“Home Run” screw along with k-wire fixation of the
fourth and fifth TMT joints, so long as the third and
fourth intermetatarsal ligaments were intact.3 This finding reinforces the importance and stability that the
“Home Run” screw is capable of providing. Mayne et
al. did not conclude their article without mentioning the
limitations using the standard technique. Specifically
emphasizing the fact that this approach has an “increased risk of missing the target bone” due to a “
smaller arc of possible screw placement”.3 Similarly
concluding that the reverse “Home Run” screw is a more
tolerant approach with a larger margin of error.

REVERSE “HOME RUN” SCREW FIXATION
The reverse “Home Run” screw can be implemented within the same dorsal incisions classically
used to repair Lisfranc injuries, making this approach a

potential salvage option if the surgeon is unable to traditionally purchase the narrow plantar base of the second metatarsal on initial attempt. This screw is oriented
from the dorsal/distal/lateral aspect of the 2nd metatarsal
base to plantar/proximal/medial towards the medial cuneiform. The reverse approach is technically less demanding, particularly due to the increased surface area
for contact when targeting the larger medial cuneiform
rather than the second metatarsal base.
Surface Area
In terms of surgical correction, every millimeter is
important. In a study by Ryan et al., fifty-one cadavers
were evaluated for the depth of the first, second, and
third metatarsal-cuneiform joints, resulting in averages
of 32.3, 26.9, and 23.6 mm2, respectively.5 Ryan’s study
found that all TMT joints correlated positively with
each other, indicating that the depth significantly increases with each consequential joint. Specifically, the
first TMT joint correlated strongly with the second
TMT joint [r(49)= .76, p= .000] and third TMT joint
[r(49)= .56, p= .000]. The second TMT joint also correlated strongly with the third TMT joint [r(49)= 4 .74,
p= .000].5 The difference recorded between the surface
area of the first and second TMT joints is 5.4 mm 2.
While 5.4 mm2 may seem minuscule, it is rather significant when considering the insertion of a typical 0.9,
1.2, or 1.5 mm guide wire. The margin of error for this
initial guide wire placement is four times improved
when aiming towards the medial cuneiform rather than
the second metatarsal base. Typically, a 3.5 mm cannulated screw is inserted following initial K-wire fixation.
In 2015, Yu-Kai et al. assessed the height and
width of the second metatarsal base using ten cadavers,
measuring average heights of 18.8 mm and widths of
14.8 mm.6 The study also measured those same metatarsal’s dimensions radiographically, with corresponding averages of 24.4 mm and 15.1 mm, positively correlating the cadaveric and radiographic heights and
widths. Specifically, the second metatarsal height in the
radiographic group was consistently measured as larger
than in the cadaver group, and this difference was statistically significant (p < .001). The average width of
the second metatarsal was measured as the same in both
the groups (p = .651)
Renner et al. also conducted a study using ten cadavers with the goal of providing an anatomic description of the naviculocuneiform joint complex to aid in
better surgical understanding and outcomes. The average height and width of the medial cuneiform facet
were noted to be 19.9 mm and 15.8 mm, respectively.7
From the findings of the studies conducted by Yu-Kai
et al. and Renner et al., the total surface area for the second metatarsal base and medial cuneiform facet can be
calculated to be 27.5 mm2 and 31.5 mm2, respectively.
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These findings correlate proportionally with the work
of Ryan et al. mentioned above. This increase in surface
area allows better screw purchase to the bone when
aiming from the second metatarsal base to the medial
cuneiform, as is done when placing the “Home Run”
screw in the reverse fashion. Thus, the larger medial cuneiform would allow greater probability for purchase,
screw fixation, and consequently better stability.
Stability
With each attempt at K-wire fixation, the more inherently weak the bone will become. Thus, taking the
easiest and most accessible route of fixation would
deem to be the most technically efficient. Cook et al.
evaluated six pairs of cadaveric feet, comparing the
load to failure in determining the strongest orientation
for placement of the Lisfranc screw.8 For the traditional
medial cuneiform to second metatarsal base screw orientation group, the mean force to failure was 148.97 ±
54.93 N, whereas for the second metatarsal base to medial cuneiform group the mean force to failure was
165.12 ± 58.57 N.8 Though this difference was not statistically significant (p = .247), the amount of stability
achieved with the reverse method should not be overlooked and future studies with larger sample sizes can
prove its utility.
CONCLUSION
The reverse “Home Run” screw is believed to be
the less technically demanding approach, due to the
larger surface area of the medial cuneiform compared
to the narrowed surface area at the plantar aspect of the
second metatarsal base. Though not statistically significant, the reverse approach provides better structural
stability since surgeons can achieve more accurate
screw placement and contact. Further studies should be
conducted to evaluate the true benefit in terms of accessibility and stability by directly comparing the two
screw orientations in vivo. Future clinical studies could
also uncover potential shortcomings with this nuanced

approach. Larger trials that consider operating room
time, post-operative pain scores, soft tissue insult,
wound complications, and load to failure could further
prove one orientation as superior to the other.
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Literature Review: Outcomes of Flexible Fixation Techniques with Interosseous Lisfranc
Injuries of Varying Severity
Carter Andersen, B.A. and Trevor Gatenby, B.S.
ABSTRACT
This literature review evaluates the outcomes of
flexible fixation techniques in patients with Lisfranc injuries of varying severity. We compared the outcomes
of four studies between 2008 and 2020 to determine if
these techniques were superior to traditional open reduction internal fixation (ORIF) or tarsometatarsal
(TMT) joint arthrodesis in the treatment of a Lisfranc
injury. A literature search of the PubMed MEDLINE
database was conducted to identify studies related to
“flexible fixation,” “Lisfranc injuries” and “suture button.” Studies that evaluated patient outcomes using Lisfranc suture button fixation, braided suture tape and
knotless bone anchors or fiber-wire flexible fixation
were included in this review. The papers reviewed
demonstrated that the use of the suture button technique
and other flexible fixation techniques in Lisfranc ligament injuries provides immediate midfoot stability and
decreased time for patients to return to full weightbearing and full activity. No failures in the suture button
were reported. Additional evidence is needed to confirm the efficacy of this technique in more severe Lisfranc injuries. Further research is also needed to evaluate the efficacy of each technique individually.
BACKGROUND
The Lisfranc complex is formed by the articulation
between the five metatarsals, three cuneiforms and the
cuboid. The tarsometatarsal joint complex forms a stable Roman arch in the coronal plane, with the second
metatarsal recessed between the lateral and medial cuneiforms. Ligamentous stabilizers of the tarsometatarsal joint complex include dorsal, interosseous, and plantar ligaments, which span the joint complex. The Lisfranc ligament itself is a strong interosseous structure
between the medial cuneiform and base of the second
metatarsal and provides the ligamentous stability of the
first tarsometatarsal joint. The overall incidence of fractures of the tarsometatarasal (TMT) joint is 0.2% of all

fractures. Moreover, it has been reported that as many
as 20% of these fractures are misdiagnosed.1
In general, the surgical treatment of Lisfranc injuries has involved either open reduction, internal fixation
(ORIF) or arthrodesis. Lisfranc ORIF involves the repositioning and fixation of the affected bones and joints
in the midfoot, and allows torn ligaments to heal in their
proper position. After several months, the hardware is
removed and joint motion is preserved. Lisfranc arthrodesis involves the fusion of the midfoot joints in
their proper position, thus permanently eliminating
joint motion. Traditionally, metal implants have been
used for Lisfranc ORIF. Although anatomic reduction
and stabilization are achieved with this technique, it has
been shown to elicit iatrogenic articular cartilage damage, failure of implant and even the need for implant
removal. Previous studies comparing Lisfranc ORIF
with arthrodesis resulted in more complaints and stiffness as well as higher complication rates in patients
treated with primary arthrodesis.2 It has also been cited
that there is a 12% rate of adjacent joint osteoarthritis
after primary fusion.3 Suture button fixation maintains
stable anatomic reduction while sparing the joint, and
allows a degree of micro-motion and mobility without
the need for implant removal. However, implant cost as
well as technical consideration for surgical fixation using suture button technique should also be considered.
Another system in evaluation is a ligament augmentation system that was originally created to repair
ankle ligaments. It uses a strong, flat suture with an oblong button, which are tensioned to recreate the native
foot structure and preserve joint motion, while reducing
complications and the need for subsequent surgeries.
One of the purported benefits of this technique is that
there is no need for subsequent hardware removal.4
Fiber-wire fixation involves the placement eccentric screws about a joint, with washers and fiber-wire
wrapped around each screw head. These are tensioned
to stabilize the joint. There are several purported
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benefits of this technique, which are that the motion is
not eliminated in the joint, and the cost may be much
less than other methods.5
INTRODUCTION
This literature review evaluates the outcomes of
flexible fixation techniques for the treatment of Lisfranc injuries. Four specific outcomes are of interest.
First, what are the medium to long-term results following flexible Lisfranc fixation? Second, how soon after
surgery are patients able to bear weight? Third, how
soon after surgery are patients able to return to previous
activity? Last, how often do patients undergo revision
surgery following this procedure?
Open reduction, internal fixation, and arthrodesis
have been the mainstay surgical treatments for Lisfranc
fracture dislocations. A systematic review by Magill et
al. and a meta-analysis by Smith et al. concluded that
Lisfranc open reduction, internal fixation procedures
result in higher revision surgery rate, but that both Lisfranc arthrodesis and open reduction, internal fixation
procedures had similar improvements in visual analog
scale (VAS) scores, the American Orthopaedic Foot
and Ankle Scores (AOFAS, and no difference in their
postoperative infection rates. The VAS score evaluates
subjective pain on a scale of 0-10, with 10 being the
most pain. The AOFAS score is a comprehensive scoring system that evaluates pain, function and alignment
on a scale of 0-100, with 100 indicating no pain, ideal
function and alignment. Note that the higher revision
surgery rate in open reduction internal fixation of Lisfranc injuries may be secondary to surgical preference
to remove hardware regardless of patient symptoms. In
addition, Lisfranc injuries vary in their severity, that is,
the injury can range from ligamentous with no fracture
or joint displacement, to severe fracture and displacement. Because of the variety in presentation, the outcomes may vary.6,7
Flexible fixation theoretically creates a stable construct for damaged ligaments. The provided stability is
immediate and the construct does not have to be removed. Suture buttons have been used to repair syndesmotic ankle injuries and more recently, in the treatment
of Lisfranc ligament injuries.8-12 Another technique
for flexible fixation within the Lisfranc joint complex
uses eccentrically-placed screws as posts. Washers are
then placed and fiber wire is wrapped around the posts
and tightened to provide stability without invading the
joint. This technique has been used to stabilize the medial column at the level of the tarsometatarsal joints.5
Another technique that has been presented involves

using suture tape with knotless anchors to stabilize and
reinforce the Lisfranc ligament.4 We hypothesize that
the use of flexible fixation for Lisfranc injuries is an effective alternative for medium to long-term follow-up
which will allow patients to bear weight earlier than the
alternative methods, and also return to activity sooner.
We also hypothesize that with flexible fixation techniques, there is diminished need for revision or hardware removal.
METHODS
A literature search was performed on the PubMed
MEDLINE database using the key words “flexible fixation,” “suture button” and “Lisfranc injuries.” There
were four studies that were identified, with dates ranging from 2008 to 2020. Papers were excluded if they
were cadaveric-based. Each of the included studies
evaluated outcomes of flexible fixation techniques on
living patients. The flexible fixation techniques included in the present study include suture button technique, a technique utilizing suture tape and knotless anchors, and a technique involving two eccentrically
placed screws and two washers into the tarsometatarsal
joint, wrapped with #2 fiber-wire. The outcome
measures evaluated in this review include: functional
outcome score averages (AOFAS and VAS), subjective
patient pain scores, revision procedures, post-operative
radiographs, and mean time to weight bearing.
The studies that were included in this literature review (Table 1) are:
1) A review of three cases by Cottom et al. from 2008,
which studied three patients with varying severity
of Lisfranc fractures who underwent who underwent flexible fixation with the suture-button technique. One patient had a neglected Lisfranc injury,
one had an acute low-energy Lisfranc injury, and
last patient had an acute high-energy Lisfranc fracture dislocation.
2) A retrospective study by Cottom et al. from 2020
which evaluated 84 cases of Lisfranc flexible fixation with suture-button over three years.
3) A study by Delman et al. from 2019 which evaluated 43 patients who underwent flexible Lisfranc
fixation utilizing suture tape and knotless anchors
for 12 weeks.
4) A study by Briceno et a.l from 2019 which presented a flexible Lisfranc fixation technique performed on 12 patients which involved the placement of eccentric screws, washers and #2 Fiberwire.
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Table 1. Study Data; number of cases and technique studied.4,5,8,9

Number of cases
Technique used

Cottom 2008.9
3
Suture-button
technique

Cottom 2020.8
84
Suture-button technique

Delman 2019.4
43
Suture Tape and
knotless anchors

Briceno 2019.5
12
Eccentric screws,
washers and #2 fiberwire

Table 2. Functional outcomes, secondary procedures, mean time to weight bearing, cost considering secondary procedures g. (N= 142 total cases reported).4,5,8,9
Cotton 2008.9

Cottom 2020.8

Delman 2019.4

Briceno 2019.5

Pre-operative functional measures:

Pain at the tarsometatarsal joint

VAS: 8.48
AOFAS: 31.96

Radiographic displacement

None given

Functional outcome
measures postoperatively (scores if given)

Denied pain 8-10
months post procedure

VAS: 1.3 (SD
1.57)
AOFAS: 90.36
(SD 12.18)

Maintained reduction via radiographs
at 12 weeks

No outcomes given

Secondary procedures

No secondary procedures

9 (10.7%) 4.0 mm
screw removal,
No suture button
removal

Bridge plate removal at 4-6
months with suture
button left in tact

2 (16.6%) removal
of flexible fixation,
1 (8.3%) flexible
fixation removal
due to soft tissue irritation

Mean Time to weight
bearing

8 weeks

11 days

6 weeks

10 weeks

Cost considering secondary procedures

None given

None given

None given

Variable, depending
on materials used

RESULTS
Four studies were selected for inclusion. One was
a retrospective study, one was a case review, and two
were expert opinions. A study by Cottom et al. from
2020 reported pre-operative VAS and AOFAS scores,
as well as the same scores at three years post-procedure.
It was found that the mean VAS score decreased from
8.48 pre-operatively to 1.3 three years following the
procedure, and the mean AOFAS increased from 31.96
pre-operatively to 90.36 three years following the procedure. The case review (Cottom et al. 2008) reported
that each of the three patients that underwent suture button fixation at the Lisfranc complex, either as an isolated procedure or in conjunction with other Lisfranc
fixation techniques, reported no pain at 8-10 months
post procedure. The study by Delman et al. in 2019
found that using the suture tape and knotless anchors,
reduction was maintained via radiographs in all patients
at two weeks, six weeks and 12 weeks following the
procedure.

In the study by Cottom et al. 2020, secondary procedures were needed in 10.7% of cases to remove the
intercuneiform screw (4.0mm) secondary to pain.
Suture buttons remained in all patients. In the study by
Delman et al. 2019, secondary procedures were needed
to remove bridge plates to improve normal biomechanics and restore normal physiological joint motion, leaving the suture tape and knotless anchorsconstruct in
place. In the study by Briceno et al., two patients
(16.6%) required removal of the flexible fixation, one
from loss of TMT reduction, and the other from soft tissue irritation.
It was found that mean time to weightbearing between the studies varied from 11 days to 10 weeks. No
studies reported time to return to full activity. No cost
analyses were reported, other than by Briceno et al.
2019, who reported that the use of screws, washers and
fiber-wire may be less costly than other flexible fixation
methods depending on the hardware used.
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DISCUSSION
There was only one study that provided the VAS
and/or AOFAS scores after the procedure. In this study,
there was significant improvement in both scores after
three years in the 84 cases.8 Other studies included in
this review used subjective pain data to evaluate improvement. These studies concluded that a significant
majority of patients reported no pain at their final postoperative appointment.4,5,9
Post-operative radiographs in these studies demonstrated midfoot stability. The majority of patients, following their flexible fixation procedure, maintained
proper alignment and reduction of the midfoot at the
Lisfranc. The suture button, in all cases, maintained reduction and proper fixation.
Of note, revision procedures were only required in
patients with severe injury. For example, in the cases
with intercuneiform diastasis a screw was placed to
bring together the medial and intermediate cuneiforms.8
Post-operatively, these screws caused pain and require
removal. However, the flexible fixation (suture button)
remained intact and held well following the revision
surgery.8 In the study by Briceno et al., two of the 12
patients required hardware removal from irritation on
footwear and hardware failure.5 Overall, the revision
procedures performed were not from failure of flexible
fixation.
In Cottom et al. patients returned to weight bearing
earlier than the other studies. The patients were allowed
to bear weight in a CAM boot at an average of 11 days
after surgery. There were no suture buttons failures as a
result of this early weightbearing.6 In the other studies,
patients were kept non-weightbearing for at least six
weeks before beginning any type of weightbearing.4,5,9
There are still questions regarding the efficacy of
the suture button technique and other flexible fixation
techniques used to stabilize the Lisfranc joint. From the
few studies available, the results are promising in that
those patients have less pain, improved bone alignment,
and low risk for revision surgery.
There were many limitations to this literature review. The selected studies, except for one, had low patient volume and short follow-up times. Many of the
outcomes tested used less formal subjective data rather
than more objective scoring instruments. Future studies
would benefit from a standardized scoring instrument
to evaluate pain and lower extremity stability. Another
challenge with this study is that multiple surgical techniques were evaluated, adding variability, making definitive conclusions difficult Future studies could benefit from focusing on a single flexible fixation technique.

CONCLUSION
The use of flexible fixation for Lisfranc injuries,
although relatively novel, has been shown to be a viable
alternative to ORIF and primary arthrodesis, especially
in ligamentous injury. The flexibility of the fixation allows for superior joint mechanics post operatively compared and reduces the potential for additional surgery. Moreover, flexible fixation of the Lisfranc joint
should be considered in isolation or alongside other fixation methods for the reduction and stabilization of the
ligamentous joint complex.
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ABSTRACT
Bone grafting is a leading surgical technique to
treat bone injury. Previous reviews of bone grafting
methods in podiatry have relied upon older studies,
many with limited evidence. We conducted a literature
review to highlight new advances in allografts, autografts, and bone substitutes to provide a review for
treating bone injury. In current practice, autografts are
most often used for their faster post-operative recovery,
higher potential for cell viability, and higher graft incorporation rate. Autografts also have lower implant
surgical costs, lower disease transmission rates, and
lower revision rates. Allografts use a single surgical site
for harvesting bone tissues, thus making them superior
to autografts. However, allografts produce poor incorporation rates and have higher graft rejection and disease transmission rates. Notable surgical advancements have been seen in allogeneic stem cell grafts and
seem to be the focus of study for the future. Currently,
bone substitutes lead the way of advancement with low
complication risk, low cost, and the ability to be used
without donors. Bone grafting substitutes such as calcium sulfate, calcium phosphate, tricalcium phosphate,
coralline hydroxyapatite, and bioactive glass; are all
possible alternatives to bone grafting as surgical advancements continue. Overall, more evidence-based
studies in podiatric surgery are needed for better comparison between different bone grafts, and bone grafting substitutes.
INTRODUCTION
Bone grafts are used to treat delayed union, nonunion, arthrodesis, and other conditions with impaired
bone healing. When using bone grafts, bone healing involves osteogenesis, osteoinduction, and osteoconduction. Osteogenesis is the synthesis of new bone by osteoblasts, precursor stem cells, and periosteum. Osteoinduction is the process where new bone is formed
through the stimulation of undifferentiated cells to form

osteoblasts.1 Finally, osteoconduction refers to the ability of bone-forming cells to move across a scaffold and
slowly replace it with new bone over time. Because autogenic bone grafts enable all three key properties with
limited risk of disease transmission, they have traditionally been the bone graft most often employed and are
considered the gold standard by foot and ankle surgeons.2 It is important to note, however, that donor site
morbidity and limited bone tissue availability for autografts have led to the development of other types of
bone grafting. In this literature review, we will discuss
current bone graft and bone substitute types and their
applications in foot and ankle surgery.
AUTOGRAFT
Autografts involve harvesting donor bone from the
body of the recipient patient. This method has been the
gold standard in bone grafting, specifically when the
donor site is the iliac crest. In foot and ankle surgery,
autografts are utilized in hamstring tendon surgery, anterior rectus sheaths, lateral ankle ligament reconstruction, and ankle arthrodesis. Autografts are more commonly used due to their lower implant surgical costs,
higher potential for cell viability, improved graft incorporation and lack of donor-to-host disease transmission.3 However, just like any other surgical technique,
there are problems associated with this form of bone
grafting as well. Limited tissue can be harvested and
additional surgery is required to remove tissue from the
donor site, resulting in potential nonunion and donor
site morbidity. Although pain at the donor site is also a
common post-surgical complaint, patients report a high
overall satisfaction and return of quality of life.3,4 Selection of this technique avoids complications of antirejection medications as well as surgical rejection complications that can occur more commonly when allografts are utilized.3
The gold standard of autografts has been commonly known to be iliac crest autografting. This is due
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to the robust amount of bone graft the iliac crest can
provide for various procedures.5 Even in iliac crest
grafting, complications such as a higher risk of non-fusion of the grafted site compared with grafts using the
patient’s own calcaneus or distal tibia have been found.6
When attempting to decrease the revision rates, Steadmen et al. evaluated the differences between autograft
and allograft revision rates and found that allografts reported a 14% revision rate, while the autografts needed
no revision surgery.7 Revision surgery increases costs,
time commitment, and scar tissue for patients. In addition, with any surgical procedure there also exists an increased complication rate with consecutive surgeries.
Hamstring tendon autografts have also been studied by foot and ankle surgeons since 2011.8 At follow
up, 86% of patients had no pain at the harvest site, while
the remaining patients only presented with mild to moderate pain. All patients were satisfied, and their recommendation rates were high. The results were found to
be significant, but it was noted that while patients presented with decreased knee flexion strength at higher
degrees of flexion, this result was found not clinically
significant.8
Iliac and hamstring grafting are the most common
autografting surgeries in the field of foot and ankle surgery. However, autografts are also being used in
WRAP-augmentation of Achilles tendon ruptures as
well. Achilles tendon ruptures are one of the most common traumatic ankle injuries seen in the field of podiatry. As such, upper quadrant rectus sheaths are used as
WRAP-augmentation to reconstruct the rupture. In one
trial conducted by Schafer et al., two patients with
highly traumatic ruptures on the left side were treated
with this autograft and high satisfaction results were reported. Both patients were also able to return to sports
after 6 months, and reported no complications over the
five-year follow up period.9 In another study, quadriceps tendon autografts were used instead, but this was
to treat chronic achilles tendon tears instead of ruptures10. This study reported statistically significant results of improvement and high satisfaction outcomes of
all 8 patients studied.10 In addition to autograft use in
achilles tendon ruptures, they are also used in the reconstruction of peroneus brevis tendon tears and lateral ankle ligaments, as well as ankle arthrodesis fusion with
tibia autografts.11-13
Ultimately, autograft bone site selection is critical
to overall outcome. Surgeons preferentially choose
sites with extensive vascularization because those tissues heal more quickly. The need to sanitize, freeze
and/or pressure wash other graft types also contributes
to the superiority of vascularized bone site selection in
autografts.6
Overall, autografts have been extensively studied
in foot and ankle surgery and are a tested technique that

improve the function of joints post injury while reducing pain. Improved joint function in patients who have
received an autograft, has led to a high rate of return to
regular activity post-surgery. Autografts are more often
used due to their low revision rates and superiority in
vascularized tissue implanted.3-13 Furthermore, advances in technique and surgical tools for harvesting
may continue to keep autografts as the preferred choice
of bone grafting technique.
ALLOGRAFT
An allograft bone graft uses bone that is prepared
from a cadaver of the same species.14 The use of allograft has advantages over the use of an autogenous bone
graft, including elimination of the need for a second
surgical site for harvesting. Complications with the use
of an allograft include graft rejection, slower graft incorporation, and the possibility of disease transmission
in areas where the supply of blood is tenuous.14,15
Several different methods are used to process an
allograft, the most common being freeze-drying. Allografts can be prepared through a range of techniques including pressure washing prior to freeze-drying. This
method ensures that blood and other metabolites are
completely cleared from the bone. Another method of
preparation includes demineralizing the allograft bone
using hydrochloric acid instead of freeze drying. The
purpose behind this is that bone morphogenic proteins
are maintained, improving osteogenic potential. The
demineralized bone can further be used in filling osseous gaps and during the repair of osteogenic material.15
There are many types of allografts and methods of
incorporation. For example, cortical and cortico-cancellous bone grafts are more rigid, which helps provide
structural support, whereas cancellous type bone grafts
only address the bone defect. Allografts must also be
processed to reduce the risk of disease transmission and
infection. Some of these further processing techniques
are: fresh, fresh-frozen, freeze-dried and de-mineralized processing.15 It is noteworthy that processing can
simultaneously weaken the structure of the graft, and so
it is important to choose the correct processing technique to ensure high osteogenic and osteo-inductive potential of the graft. Freeze-dried and demineralized processing will maintain stability of the graft, and prove to
be cost effective. In addition, they are commonly used
for vascularized sites where growth factor and osteoprogenitor cells are available, as they are found to be
most effective when implanted there.15
Allogenic stem cell products actively produce osteoinductive factors. As such, these grafts can preserve
the cortical or cancellous bone from the harvest site to
act as an osteoconductive scaffold.18 In a trial where arthrodesis was performed via allogenic stem cell graft, a
fusion rate of 68.5% was attained after 6 months.19 In
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this study, there was no significant difference in the fusion rate of high-risk patients versus those without
high-risk characteristics. In another trial of 23 patients,
the high-risk patients were identified and a fusion rate
of 82.6% was achieved in this cohort. However, the patients with diabetes presented with significant nonunion
when allogenic grafts were used.20 As such, it seems to
be important to identify risk factors in patients, before
proceeding with allogenic grafts.
In conclusion, allografts possess numerous benefits required for surgery but more evidence is required
to determine the best course of treatment for the use of
allogenic mesenchymal stem cell grafts.
BONE SUBSTITUTES
Bone substitutes refer to synthetic materials that
can be used as an alternative to autografts or allografts.
They provide an osteoconductive structure, which promotes growth of new bone. While this bone graft type
lacks the osteogenic and osteoinductive properties of
other bone graft types, they can still be a useful alternative.21 Typically they are used to fill bone voids and act
as scaffold for bone regrowth. Unlike allografts, bone
substitutes do not have complications such as risk of
disease transmission or host rejection. Bone substitutes
can be manufactured, are relatively cheap, readily available, and do not require a donor. Commonly used bone
graft substitutes include calcium sulfate, calcium phosphate, tricalcium phosphate, coralline hydroxyapatite,
and bioactive glass.
Calcium phosphate does not elicit a foreign-body

compared treatment of displaced intra-articular fractures of the calcaneus with open reduction and internal
plate fixation (ORIF), to percutaneous reduction, screw
fixation, and calcium sulfate cement grafting. In a study
of 90 patients, they found there was a significant decrease in blood loss and post-operative infection, increase in range joint motion, as well as better recovery
with an American Orthopaedic Foot and Ankle Society
(AOFAS) score of 91.7 compared with the ORIF group
(p<0.01) and Maryland foot score (MFS) of 91.5 compared with 86.0 in the ORIF group (p<0.01). Ultimately, there were 78 participants with 40 in the ORIF
group and 38 in the calcium sulfate cement group. The
small number of patients introduced a sampling bias
that leads to inconclusive results on its efficacy over
other techniques.23
Another ceramic bone-graft substitute currently in
clinical use is a calcium-collagen graft material. This
osteoconductive composite of hydroxyapatite, tricalcium phosphate, and Type-I and III collagen is mixed
with autologous bone marrow to provide osteoprogenitor cells and other growth factors. The composite does
not provide structural support, but it serves as an effective bone-graft substitute or bone-graft expander to augment acute fracture-healing. Chapman et al. conducted
a prospective, randomized comparison of autologous
iliac crest bone graft and calcium-collagen graft material in the treatment of acute long-bone fractures. No
significant differences were found between the two
treatment groups in terms of union rates (p=0.94) and
functional measures (p>0.1). The surgeons and blinded

Table 1. Comparison between tricalcium phosphate and coralline hydroxyapatite as bone graft substitutes.
Bone Graft
Substitute

Incidence of
Complication

Biodegradation
Profile

Morphology

Compression
Standard

Tricalcium
phosphate

Lower

Unpredictable

Porous

Weaker

Coralline
Hydroxyapatite

High

Predictable

Similar to
cancellous
bone

Stronger and
similar compressive
strength to cancellous bone

reaction and is well tolerated by host tissues. A contraindication to the use of this material is a joint surface
defect that would allow the grafting material to migrate
into the joint.22 Good results have also been seen with
the use of calcium phosphate for articular calcaneal
fractures, with low complications and maintenance of
articular reduction and fracture union. Chen et al,

Reabsorption
Speed
Quickly

Suitable for

Fractures
Void Filling

Slowly

radiologist had differing conclusions on the status of
fracture-healing, which did introduce bias to the results.
The authors did not consider this to be a source of bias
as both the surgeons and radiologists found the two
groups to have nearly the same healing rates. While union rates may not be accurately assessed in this study, it
does demonstrate that a calcium-collagen bone
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substitute can be safely used with a reduction in complication rates and improvement in functionalmeasures.2Tricalcium phosphate has shown to be effective for void filling with a lower incidence of complications compared to hydroxyapatite.14 While this
seems to be promising, tricalcium phosphate has a more
unpredictable biodegradation profile and is not as commonly used. This ceramic material is more porous than
hydroxyapatite, and weaker under compression than
hydroxyapatite. Tricalcium phosphate resorbs quickly,
and even partially converts to hydroxyapatite.14 The use
of this substitute seems more suitable for fractures and
void filling.23
Coralline hydroxyapatite is found in marine coral
and has a morphology similar to that of cancellous
bone. This gives it a similar compressive strength to
cancellous bone; however, it remains brittle in comparison to cancellous bone. In a study of 46 patients, Bucholz et al. compared autologous cancellous bone graft
with coralline hydroxyapatite and found comparable
fracture union rates when the substances are used to fill
bone voids resulting from articular surface depression
in tibial plateau fractures. 18,25
Bioactive glass is an inorganic, hard, solid, nonporous material consisting of calcium, phosphorus, and
silicon dioxide, as such it possesses both osteoconductive and osteointegrative properties. Bioactive glass
produces a deposition of calcium phosphate at its surface, attracting osteoblasts to create a matrix that promotes an osteostimulatory effect. This leads to electrical bone growth stimulation by bonding of new bone to
the scaffold. Shi et al. conducted retrospective radiographic study analyzing nonunion rates for hindfoot arthrodesis with the use of bioactive glass. The study
found a nonunion rate of 25%, which is comparable to
autograft and other bone graft substitutes.26 Previous
small population randomized controlled studies have
also found that there were no differences in subjective
evaluation, functional tests, and clinical examination
between bioactive glass and autogenic bone grafts. It
was also found that bioactive glass did not affect long
term blood silicon levels.1,27 This supports the thought
that bioactive glass might be a feasible alternative.
The studies conducted of bone substitutes are limited evidence studies. A gap in knowledge still exists
and further investigation is needed to provide a true
comparison of bone substitutes against other bone grafting types. Bone substitutes may prove to be a better alternative to autografts and allografts in the future. As
material engineering advances, newer commercial
products become available every day. These cuttingedge commercial products utilize a combination of
bone growth factors and synthetic materials to pave the
way of bone substitutes in the surgical field. As of current literature, much of the latest product data is not

available to the public yet, but there is a promising future for new and improved materials as academic studies are being conducted with them.18
CONCLUSION
Innovations are being made across autografts, allografts, and bone substitutes. Autografts remain the gold
standard for use in bone grafting because of their
greater graft incorporation, potential for cell viability,
and limited disease transmission. Technological discoveries of bioengineered materials used in bone grafting have largely been led by industry with proprietary
data which may hinder their availability in clinics and
hospitals. The choice of bone graft source is wholly dependent on the extent of the condition being treated, the
amount of bone tissue needed, and individual patient
risk factors. A larger toolbox of techniques and materials is a great step forward for surgeons using bone
grafts, but there should be a great deal of high-quality
data to support their use of one over the other to ensure
patients will receive proper treatment. Higher level evidence-based studies need to be completed for bone
substitutes and allografts to draw a clear comparison
between all of the bone grafting types.
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Adipose-derived Stem Cells in Chronic Wound Healing
Tamanna Hoque, B.S., M.S. and Shalvi Prasad, B.S.
ABSTRACT
Adipose-derived stem cells (ASC) are a promising source of stem cells to treat chronic wounds caused
by diabetes, ischemic diseases, venous insufficiency,
and other conditions. Bone marrow-derived stem cells
(BMSC) have shown proven efficacy in wound healing. However, ASC is much easier to obtain through
liposuction and results in more stem cell quantity,
post-harvest, than BMSC. In vitro and in vivo experiments show that ASC can differentiate into fibroblasts,
and promote migration, proliferation, and collagen
production. ASCs can differentiate into epithelial lineages and have epidermal growth factor receptors to
allow for epithelialization. Furthermore, ASCs have
paracrine effects, which promotes angiogenesis. Clinical trials further confirmed its efficacy in wound healing rates and decreased time in healing chronic
wounds without any adverse effects. Although further
research is needed, the current literature indicates the
valuable role of ASCs in treating chronic wounds.
INTRODUCTION
Chronic wounds are challenging for both patients
and physicians. Wounds that fail to heal through the
normal process in 4 to 8 weeks are considered chronic
wounds. These wounds can have various etiologies, ischemic, venous insufficiency, pressure-related, or diabetic.1 Non-healing chronic wounds can eventually
lead to amputations and the related cost of treatment is
substantial.2 Bone marrow derived stem cells (BMSC)
lead to rebuilding of the dermal layer and closure of
non-healing chronic wounds.3 However, obtaining
BMSC is invasive, requiring insertion of a special needle in the back of pelvic bone.4 Obtaining stem cells
derived from adipose tissue is less invasive, and can
therefore be an alternative for treating chronic wounds
in patients.
ADIPOSE DERIVED STEM CELLS (ASC)
In regenerative medicine, stem cells can be harvested prenatally through embryonic tissue and postnatally in adults through mesenchymal stem cells. 5 In

the 1960s, the therapeutic effects of mesenchymal
stem cells from bone marrow were discovered. Later
it became possible to harvest stem cells from other
adult tissue including skin, bone marrow, blood, or
skeletal muscle. In 2001, researchers were able to harvest stem cells from adipose tissue that was less invasive when compared to stem cells that were obtained
from bone marrow.6 Further studies confirmed that an
abundant amount of mesenchymal stem cells can be
easily obtained from adipose tissue. Thus, it allowed
for the viability of more stem cells to be differentiated
post-harvest. After being harvested, ASCs are multipotent and have the capacity to differentiate into adipogenic, chondrogenic, and osteogenic cells.6 These
ASCs are used to promote wound healing and can be
efficacious in treating diabetic wounds. In 2018, Guo
et al. compared BMSCs and ASCs in diabetic wound
healing and found that the in vivo spindle shaped morphology of ASCs are like those derived from bone
marrow. Additionally, there was no significant difference (p=0.304) in the acceleration of wound healing
between scaffolds of stem cells derived from bone
marrow (43 ± 5%) and adipose tissue (39 ± 3%).7
In adults, ASCs have shown to be a promising
source for wound healing stem cells because donor site
morbidity is the lowest and adipose tissue is more
abundant when compared to bone marrow. The source
is highly dependent on the location that adipose is derived from. Subcutaneous adipose tissue has low apoptosis rates post-harvest and is therefore the most efficacious. ASC in regenerative medicine are derived
from white adipose tissue found in the subcutaneous
layer.5
ASC ISOLATION PROCESS
To create ASCs, the tissue needs to be obtained
from white subcutaneous tissue through lipoaspiration
or through whole, excised adipose tissue. Although the
technique for lipoaspiration does not affect ASC function, the vacuum used to harvest the adipose tissue
does damage mature adipocytes. Once obtained, the
tissue is cut into pieces and enzymatically digested
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with collagenase type II. This mixture is then centrifuged into a pellet known as the stroma vascular fraction (SVF) containing ASCs, endothelial cells, endothelial progenitor cells, pericytes, smooth muscle cells,
leukocytes, and erythrocytes. Of the various cells in
the SVF, the ASCs quickly adhere to the plastic flasks
after overnight culturing. These samples are then cultured and plated. With the use of serum and dimethylsulfoxide, the ASCs can be cryopreserved without the
proliferation and differentiation being compromised.
ASCs can differentiate into three main mesodermal
tissue types depending on the type of media the sample
is grown in vitro: adipogenic, chondrogenic, and osteogenic.
After in vitro cultures have grown, the sample is
injected or implanted for further proliferation in vivo,
however cell survival is poor. The hypoxic environment or if the cells are injected into an area with ischemic tissue, the chances of viability decrease, but
ASCs can survive in some capacity due to their ability
of secreting angiogenic factors. To increase the rate of
survival of these cells, scaffolds can be used to hold a
pool of growth factors that can be used to promote angiogenesis. These scaffolds can be selected based on
porosity, bioactivity, mechanical integrity, biodegradability, and low immunogenicity.6
ASC IN WOUND HEALING: ANGIOGENESIS,
EPITHELIALIZATION, AND FIBROBLAST
PROLIFERATION
Pathogenesis of chronic wounds is multifactorial.
One of these factors is hypoxia. Local tissue hypoxia
in diabetic patients significantly impairs wound healing. Diabetes results in edema in patients, which results in increased distance between tissue and capillaries causing local tissue hypoxia. Other comorbidities
such as hypertension and venous insufficiency further
contribute to tissue hypoxia. This in turn causes inflammation and chronic inflammation results in diabetic patients suffering from chronic wounds.8 ASC
has been shown to proliferate more under hypoxic (2%
O2) conditions. Comparative results of ASC exposed
to 2% O2 versus 95% room air and 5% CO2 showed
that ASC exposed to 2% O2 had significantly enhanced
proliferation and upregulated the expression of various
growth factors such as vascular endothelial growth
factor (VEGF), basic fibroblast growth factor (bFGF),
and insulin-like growth factor (IGF).9 VEGF and
bFGF are responsible for angiogenesis, which in turn
decreases hypoxia allowing the wound to heal.10 When
compared to bone marrow and dermal tissue stem
cells, ASC expressed a higher level of vascular endothelial growth factor-D (VEGF-D), Insulin-like
growth factor-1 (IGF-1), and interleukin-8 (IL-8).11

Therefore, ASC shows promising outcome in healing
chronic wounds via angiogenesis.
ASC also have epidermal growth factor (EGF) receptors. EGF is involved in various tissue repair processes.12 EGF is one of the growth factors that stimulate fibroblasts to produce collagen.13 Binding of EGF
to its receptor triggers several biological events. As a
result, src-homology 2 and collagen protein (SHC),
transcription factors, and regulatory proteins like extracellular signal-regulated protein kinase (ERK1/2)
get phosphorylated. Phosphorylation of these proteins
increases cell migration, proliferation, and survival.12
Topical human derived Epithelial Growth Factor significantly enhances diabetic foot ulcer healing as well
as decreases healing time.14 Therefore, the presence of
EGF receptor on ASC indicates that application of
EFG and ASC together can help wound healing by
promoting epithelialization of diabetic wounds.
When green fluorescent protein (GFP) labeled
ASC were locally administered into a wound in diabetic rat model, many GFP+ cells were found in dermis and epidermis of the healed wound. This confirms
multilineage nature of ASC and its differentiation into
epithelial lineage thus enhancing wound epithelialization.15 In mice models, pressure ulcers treated with
ASC compared to the ones treated with phosphate
buffered saline (PBS) showed increased S100 expression on immunohistochemical staining, which is a
marker for Schwann cells. This indicated periwound
neurogenesis with application of ASC on pressure ulcers.16
Fibroblasts play a key role in tissue remodeling.
Initially, it is responsible for producing collagen and
cross-linking collagen, which provides mechanical
strength to the wound, then it differentiates into myofibroblasts, which contracts the wound bed, decreasing
its size. Several growth factors such as epithelial
growth factor (EGF), insulin-like growth factor (IGF)1, transforming growth factor (TGF)-β, and plateletderived growth factor (PDGF) stimulate the production of collagen.13
Adipose extracellular matrix (ECM) induces
ASCs to differentiate into fibroblasts indicated by increased expression of Cytokeratin 19, which is a
marker for fibroblast expression. Moreover, adding
adipose ECM to ASC was also noted to have increased
production of collagen I and collagen III. Overall, application of adipose ECM and ASC together showed
greater degree of fibrosis and accelerated skin wound
healing in vitro.17 ASC also secrete exosomes and produce a paracrine effect on Fibroblasts. Fibroblasts internalizes the exosomes which results in migration,
proliferation, and collagen synthesis. In early stages of
wound healing, exosomes are known to increase collagen I and II production. In late stages, exosomes
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inhibit collagen production which is good for reducing
scar formation.18
CLINICAL TRIALS
The 2019, randomized control study by Londari
et al. looked at the benefits in the healing of diabetic
foot ulcers when using autologous micro-fragmented
adipose tissue as a treatment modality when compared
to standard care. The inclusion criteria for the study
were subjects who were type 1 or type 2 diabetics, over
the age of 18, had an irreversible ulcer or gangrene, a
negative x-ray of the foot, a TcPO2 ≥ 30 mmHg, ABI
≥ 0.7, and a TBI ≥ 0.6. The 114 patients who were undergoing a minor lower limb amputation and were randomized to either receive micro-fragmented adipose
tissue injections or receive the placebo which was
standard care. The study identified the outcomes of
every subject each month up until the 6-month mark
and looked at healing rate and time after patients had
undergone minor amputations in both groups (Table
1.) Six-month follow up showed that 80% of the subjects who had received the micro-fragmented adipose
tissue injection had wounds that had healed when
compared with the control group. The control group at
the 6-month mark showed 46% of the subjects had
healed (p = 0.0064). The treatment group showed
faster healing time by the fourth visit according to the
Kaplan-Meier scale. Both groups showed no adverse
outcomes or relapses that were documented. The two
groups did not show any difference when it came to
the pain experienced at the 6-month mark. The conclusion of the study suggests that using fragmented adipose tissue injections is a safe therapeutic option that
can be used to improve healing in patients who have
irreversible diabetic foot ulcers after undergoing minor amputations. This study used a large sample size
and had promising results suggesting that using autologous

grafts were effective in the healing of digital ulcers.
The patients in the study had systemic sclerosis, an autoimmune disease that leads to the loss of the microvascular bed and fibrotic changes. The 38 participants
were randomly split into 2 groups: the regional adipose tissue graft (AT-G) injection group containing 25
individuals and the sham procedure (SP) group containing 13 individuals. Results were recorded after 8
weeks post-procedure and a rescue procedure with
AT-G was given at 10 weeks post-procedure to individuals in the SP group that had not displayed any
healing. After being matched by age, gender, disease
duration, and systemic sclerosis subtypes, 23/25 of the
subjects treated with AT-G and 1/13 of the subjects
treated with SP showed interdigital ulcer healing (p <
0.0001). The 12 subjects in the SP group were given
rescue AT-G injections. All individuals who received
the AT-G injection showed tissue healing and an increase in capillary numbers (p < 0.0001). Although
this study did not focus on diabetic patients, the benefits of tissue healing is beneficial for any wound, including diabetic wounds.20
Moon et al. conducted a single blinded study to
evaluate the safety and effectiveness of allogeneic
ASC. Twenty-two patients and 17 patients were randomly assigned to the treatment group and the control
group, respectively. Inclusion criteria for patient selection were diagnosis of type 1 or type 2 diabetes, history
of ulcer measuring between 1 and 25 cm2 with a Wagner grade of 1 and 2 that have been present for longer
than 4 weeks. The study excluded patients who were
HIV positive, had wound infection, HbA1c >15%,
postprandial blood glucose level >450 mg/dL, and if
their wound size changed >30% within 1 week after
the initial screening. Patient’s blood flow, ankle-brachial index, and transcutaneous oxygen pressure were
also deemed to be adequate for healing. The treatment
group were treated with hydrogel sheets of allogeneic

Table 1. Clinical trial design
Year of Study

Authors

Control Group

Treatment Group

2019

Londari et al.

Placebo injection

Treatment Group

2019

Del Papa et al.

False liposuction and local injection of saline solution

Micro-fragmented adipose tissue injection

2019

Moon et al.

Polyurethane film

Adipose tissue graft injection

2016

Raposio et al.

Standard wound care*

Hydrogel sheets of allogenic
ASCs

micro fragmented adipose tissue for diabetic wound
healing is a promising technique.19
Del Papa et al. executed at 2019 randomized clinical trial to determine if autologous adipose tissue

ASC and the control group were treated with a mesh
of polyurethane film with silicone adhesive. Patients
had their dressing changed and wounds evaluated
every week for 12 weeks. Twelve out of 14 patients
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(85.7%) with Wagner grade 1 ulcer treated with allogeneic ASC had complete wound closure, compared
to 7 out of 11 (72.7%) patients in the control group.
Six out of 8 (75.0%) patients with Wagner grade 2 ulcers were treated with allogeneic ASC had complete
wound closure at 12 weeks, compared to 1 out of 6
(16.7%) patients in the control group. The results were
significant with a p-value of 0.053. In addition, the
Kaplan-Meier median time for wound healing was
28.5 days in the ASC group compared to 63.0 days in
the control group (p=0.033). Although the sample size
for this study was small, the findings are promising
and further confirms the effectiveness of ASC.21
Raposio et al. conducted a study to evaluate the
efficacy of ASC added to PRP in wound closure for
chronic ulcers of arterial, venous insufficiency, diabetes, and trauma-related etiology. The treatment group
included 16 patients with mean wound base size of
25.18 cm2 with a standard deviation (SD) of 5.6cm2 at
baseline and had the wounds for an average
of 26.57 months (SD=6.39). The control group had 24
patients with mean wound size of 11.24 cm2 (SD=2.6)
at baseline and had the chronic wounds for 14.5
months (SD=5.22). Exclusion criteria included patients receiving chemotherapy, infected wounds, and
abnormal Hgb <10.5 g/dL, platelet count <100 x
103/μL, or serum albumin < 2.5g/dL. Both groups received standard wound care including weekly debridement, disinfection, advanced wound dressing and
bandage application. The treatment group however,
received 10ml of ASC and 5mL of autologous PRP
combined injection at the wound edges as well as the
base of the wound. Patients were followed up for 18
months with weakly wound care treatment and wound
evaluation. The study found that there was no significant difference in wound in wound healing completion
between the groups, however, the wound closing rate
was 0.2287 cm2/day for the ASC and PRP treatment
group compared to 0.0890 cm2/day in the control

group (p=0.0257). This concluded that ASC injection
combined with PRP significantly enhanced wound
closure in patients suffering from chronic wounds because of ischemia, venous insufficiency, and diabetes.22 The results of each study is summarized in Table
2.
CONCLUSION
Stem cell therapy has become a popular method
to promote wound healing in regenerative medicine.
Although extensive research has been conducted to
show the benefits of stem cell therapy, many of the
studies are from mesenchymal cells that are derived
from bone marrow. New research has shown promise
in stem cells that are derived from adipose tissue, however, many of these studies are conducted using an animal model. It should be noted that the quality of healing is the same, regardless of the tissue type that the
cells are acquired from.
There are a few clinical trials conducted in human subjects that have shown better viability of cells because
a larger quantity of stem cells can be harvested from
adipose tissue when compared to tissue harvested from
bone marrow. In addition to being able to grow larger
amounts of stem cells from adipose tissue, it is also
more accessible and less invasive to harvest adipose
tissue than it is to harvest bone marrow. In the human
clinical trials that have been used stem cells derived
from adipose tissue, there was a small sample size.
With the use of more randomized clinical trials in human subjects with larger sample sizes, the use of stem
cells from adipose tissue shows great potential in
faster wound healing times, regardless of comorbidities like diabetes and other conditions that can decrease microvascularization of the wound bed.

Table 2. Results of clinical trials
Year
Authors
Conjunctive
of
Therapy Used
Study

Number of
Subjects

Control Group

Treatment
Group

2019

105

50

38

2019

2019
2016

Londari et
al.
Del Papa
et al.
Moon et
al.
Raposio
et al.

Rescue ASC
given to Control at Wk 10

PRP

p-value

55

KaplanMeier
Wound
Healing
Shown
Yes

13

25

Yes

0.0064

39

17

22

Yes

0.053

40

24

16

Yes

0.0257

0.034
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Ulcerations Involving Staph aureus
with an Overview of Current Antibiotic Treatments:
A Literature Review
Nicole Pham, B.S., Hargun Oberai, B.S., Julian Nguyen, B.S.
ABSTRACT
Antibiotics may improve the outcome of diabetic
foot ulcerations by eliminating bacteria that inhabit the
ulceration, ultimately reducing the need for amputation.
Patients with diabetes mellitus are more likely at risk of
skin, soft tissue and bone infection, Immunological derangements in patients with diabetes mellitus complicates healing. As a result, patients with DM may be
more vulnerable to Diabetic Foot Infection (DFI). The
challenge of multi-antibiotic resistance, particularly
from methicillin-resistant Staphylococcus aureus
(MRSA), has reduced the efficacy of specific antibiotics. This paper reviews the immunological characteristics and microbiological pathogenicity of diabetic foot
infections involving Staph aureus and reviews antibiotic treatment of diabetic foot infections.
INTRODUCTION
The prevalence of Diabetes Mellitus (DM) is increasing in the United States.1,2 Complications of DM
include autonomic neuropathy, motor neuropathy, peripheral neuropathy, peripheral vascular disease. A
combination of these complications increases the
chance of foot ulceration, bacterial infection leading to
osteomyelitis of the bones which may ultimately lead to
amputation of the foot.1,2 According to the Centers for
Disease Control and Prevention (CDC), statistics from
2016 showed that 5.6 per 1000 adults with DM had a
lower-extremity amputation.
Patients with DM may experience several different
types of neuropathy, including autonomic, motor and
sensory neuropathies.1 Autonomic neuropathy, which
may affect the sweat glands, causes the skin to become
dry and potentially cracked or fissured, allowing a portal of entry for bacteria. Motor neuropathy, in which
nerves to the muscles lose functionality, may result in

digital contractures, eventually contributing to pressure-induced ulcerations.1 Patients with distal sensory
neuropathy have reduced sensation in their feet and
may have increased pressure and experience injury
without being able to feel it.1
In addition to neuropathy, patients with DM may
have other comorbidities that affect the feet. For example, patients may also have peripheral vascular disease,
where reduced blood flow impairs wound healing potential. Patients with DM with poor glycemic control
may also have fewer and less active neutrophils and
other lymphocytes, leading to reduced immune function. 1 These clinical complications may manifest alone
or in combination in patients with DM.
Diabetic foot microbiota typically has increased
populations of S. aureus.3 Many patients will have
Methicillin-resistant S. aureus (MRSA) if they had a
previous history of MRSA infections, known colonization, prior antibiotic use, previous hospitalization or
stay in a long-term care facility. A common antibiotic
used to treat MRSA is vancomycin at a dose of 15 to 20
mg/kg every 8-12 hours. This review examines the biological components of wounds that antibiotics must
overcome, it reviews how bacteria develop antibiotic
resistance and it reviews the use of vancomycin in diabetic wound infections.
METHODS
A search of peer review journals, primarily within
PubMed and Google Scholar was performed. The key
words used included: vancomycin, antibiotics, immunology, MRSA, and diabetes. Reference sections of the
articles were also searched. To help widen the search
net, no time restrictions were included in the search.
The search process resulted in 302 articles on PubMed
and 12,800 articles on Google Scholar. Then our search
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selection consisted of screening titles and abstracts of
the papers to select papers that pertained to how bacteria obtained resistance and papers in the English language. Papers with diseases other than diabetes as their
main focus were excluded. We narrowed down our final paper count to 18 articles that were read in their entirety.
DISCUSSION
Immunology
Immunological derangements in patients with DM
complicates healing.3 Host immune response is disrupted in diabetic patients because of a decrease in cytokine production (TNF-α, interleukin-1), defects in
phagocytosis, dysfunction of immune cells and failure
to kill microbes. 3,4,5 The decrease in the cytokine production plays a major role in how the different components of the immune system interact and communicate
with each other.4,5 Suppression of cytokines such as IL2, IL-6, IL-10 production is seen when a host is hypoglycemic.4,5 It’s important to note that IL-12 and INF-γ
have been shown to reduce bacterial load in patients,
thus the decreased production of IL-12 and INF-γ impair immune cell capacity to control proliferation in
bacteria. Hyperglycemia causes macrophage attenuation, resulting in diminished opsonization and phagocytic activity. Some mouse models indicate that TNF-a
and IL-6 are stored when there is an insulin deficiency.
4,5
This suggests that an adequate immune response is
delayed, leading to microbial proliferation. Other models indicate that the growth and chemotaxis property of
T and B cells lead to an increase of virulence by the
pathogen.4,5 This is concerning as some microbes are
able to hide in the bacterial glycocalyx. The combination of these metabolic derangements and bacterial ability to hide can make management of a diabetic foot ulcer difficult.3,4,5
Innate immunity is also affected by a hyperglycemic state. As a result, patients with DM are predisposed
to bacterial infections, most commonly by S. aureus.
These many pathophysiological derangements overlap,
creating a difficult environment for antibiotic function.5,6 The C3-mediated complement inhibition seems
to play a larger role in impairment of phagocytosis of
S. aureus. This is because glucose conditions deplete
C3 from the serum due to possible impairment of the
classical pathway activation. There have also been reports that C3 is slowly susceptible to glycation, impairing its attachment to the surface of microbes. Another
point is that diminished blood flow, a common complication of DM, limits C3 delivery to extremities. As a
result, less C5a is generated and phagocytosis of S. aureus is reduced. 6,7
Staphylococcus, particularly S. aureus, the most
abundant pathogen in DFUs, tends to invade soft tissue
and bone. The bacteria adhere to tissue surface of the

host by a reversible mechanism of hydrophobic and
ionic interaction. 8,9,10 The majority of S. aureus has specific adhesins for tissue surfaces such as type I and II
collagen, fibrinogen, laminin, fibronectin, thrombospondin and heparin sulfate.11 This characteristic allows
the bacteria to gain access to the tissue. The polysaccharide production begins immediately after the adhesion and covers the bacteria. The development of ‘biofilm' is a substance of polysaccharide intercellular adhesin (PIA). Staphylococcus aureus MN8m strain was
discovered to produce poly-N-succinyl β1,6 glucosamine.3,12 PIA plays an essential component for pathogenicity and non-healing, because it protects the pathogen against the effect of antibiotic therapy and the access of innate and adaptive immunity. 13
In addition to specific adherence mechanisms, S.
aureus has other virulence factors that allow the pathogen to infect soft tissue and bone. These toxins include:
the exfoliatins, the superantigen exotoxins, and the
pore-forming toxin. By secreting these toxins, the pathogen can facilitate colonization, persistence, dissemination and evasion of the immune system.14 Hemolysins,
the endotoxin, lyse red blood cells and can lead to tissue
necrosis, while leukotoxins target white blood cells.15
Bacteria have the ability to invade as they have different
proteases, collagenases and hyaluronidases. Enterotoxins mainly belong to the family of superantigens that
over-induce cytokine production from both macrophages and lymphocytes.16 These enterotoxins contribute significantly to major illness and ultimately cause
cell death by apoptosis. In S. aureus, there are three
groups toxins: staphylococcal enterotoxins (SEs),
staphylococcal enterotoxin-like toxins (SEls) and toxic
shock-syndrome toxin 1 (TSST-1). One additional
toxin, epidermal cell differentiation inhibitors (EDINs)
toxin, targets host Rho GTPase and leads to bacterial
dissemination in tissues by a hematogenous route.17
Problems of MRSA
Gram‐positive bacteria S. aureus is often isolated
from infected DFU as mentioned above. In addition, patients with DM have multiple risk factors for colonization with MRSA. The high frequency of MRSA in patients with DM was highlighted by a recent study showing a prevalence of MRSA colonization among 11577
diabetics was 9.20%. (95% CI, 6.26–12.63%).18 The
prevalence of MRSA in 10994 diabetic foot infection
patients was 16.78 % (95% CI, 13.21–20.68%).18
Among 2147 non-foot skin and soft-tissue infections,
the MRSA prevalence rate was 18.03% (95% CI, 6.64–
33.41).18
The impact of MRSA can increase treatment failure, prolong ulcer healing and lead to a higher risk of
lower extremity amputation. Therefore, empirical antimicrobial therapy is a riddle based on experience and
should cover resistant strains of microorganisms, such
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as (MRSA), gram negative Pseudomonas, and anaerobes.19
Therapy for MRSA Patients
Despite its defenses, antibiotics are available to
treat MRSA (Table 1). First line treatment for MRSA is
vancomycin with a daily dosage of 30 mg/kg per day,
with the vancomycin peaks and troughs carefully monitored. If the dose exceeds 2 g in a 24-hour period, the
patient may experience Red Man Syndrome, an anaphylactic reaction, due to rapid infusion of the antibiotic.19 The second line of treatment, daptomycin, is

administered fewer side effects than vancomycin. A
third line of treatment is linezolid with a dose of 600
mg every 12 hours. Linezolid is a monoamine oxidase
inhibitor with 100% bioavailability. Its known sequelae
include thrombocytopenia, peripheral and optic neuropathy, and lactic acidosis. A fourth line of treatment is
tigecycline, given 100 mg IV once and then 50 mg IV
every 12 hours. Tigecycline is considered a more broadspectrum antibiotic thus it is used less than the first, second, and third lines of treatment.

Table 1. Efficacy of current antibiotic treatments for MRSA and DFU 2
Agents

Pharmacological class

Mode of administration

Efficacy on
MRSA %

Efficacy in DFI
%

Vancomycin
Daptomycin

Glycopeptide
Cyclic lipopeptide

iv
iv

>95
>95

70
66

Linezolid
Tigecycline

Oxazolidinone
Tetracycline derivate

iv/oral
iv/oral

>95
>95

67-81
No data

trimethoprim-sulfamethoxazole

trimethoprim-sulfonamide

iv/oral

>95

No data

Although intravenous administration of MRSA antibiotics is recommended, studies have shown that a
portion of patients may do well with oral antibiotics.20
Advantages of oral administration include the absence
of cannula-related infections, a reduced incidence of
thrombophlebitis, lower overall cost, and that those patients may administer their own oral antibiotics.
In terms of oral antibiotics, the first line therapy is
trimethoprim-sulfamethoxazole, an drug that is highly
effective.20 A second line antibiotic is clindamycin, although it is associated with a higher incidence of Clostridium difficile infection. A third line antibiotic is tetracycline or doxycycline which are administered for 21
days. Last, the fourth line drug is linezolid, an oxazolidinone that inhibits the growth of bacteria. Specially
noted is the use of rifampin, an antimycobacterial that
is effective when used in combination with other drugs.
Rifampin has high concentrations in mucosal surfaces.

guide therapy. In conclusion, selecting an appropriate
antibiotic may help heal DFUs more effectively, ultimately reducing the need for lower extremity amputation.

CONCLUSION
The use of antibiotics in treatment of DFU should
be based on balancing effective treatment and preventing adverse effects. A thorough understanding of the
immunologic effects of Staph aureus can also help
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Factors and Rates of Re-amputations: A Literature Review
Andrew Rasiah, B.S., Victoria Liew, B.S.
ABSTRACT
Lower extremity amputation (LEA), a leading
cause of disability and mortality worldwide, is usually
the option of last resort for treatment of unsalvageable
limbs. This paper focuses on the risk factors and rates
of lower limb re-amputations resulting from complications of diabetes mellitus (DM) and peripheral arterial
disease (PAD). The clinical presentation, pathophysiology and diagnosis of each disease process will be discussed at length. A brief overview of different types of
amputations will then be presented, followed by an indepth analysis of the risk factors and rates involved in
lower extremity re-amputations. Risk factors for re-amputation include the level and laterality of the initial amputation, as well as the number and severity of comorbidities.
INTRODUCTION
While there are several indications for lower limb
amputations, diabetes mellitus (DM) and peripheral arterial disease (PAD) account for the majority of nontraumatic amputation cases in developed countries. 1 In
the United States, over 60% of nontraumatic lower limb
amputations occur in the diabetic population, while
roughly 80% occur after an ulceration.2,3 Approximately 150,000 amputations secondary to peripheral arterial disease (PAD) and diabetes are performed each
year in the United States.4 Between 2000 and 2008,
about 7% of patients who were hospitalized with PAD
underwent a major lower extremity amputation (LEA).5
While each condition carries an independent and significant risk for amputation, concomitant DM and PAD
increases that risk substantially. Patients with both DM
and PAD are up to 15 times more likely to undergo a
lower limb amputation than patients who have a history
of PAD alone, which is four times higher than the national average in the United States.6,7 This higher rate
of amputation may be secondary to the interaction between peripheral neuropathy from DM and reduced
blood flow from PAD.6

PATHOPHYSIOLOGY
OF
DIABETES
MELLITUS
Patients with poorly controlled or uncontrolled
DM are at risk for developing peripheral neuropathy.
Diabetic peripheral neuropathy can affect sensory, motor and autonomic nerves. Although these three types of
neuropathy are distinct, they can all lead to an increased
risk of ulceration. Sensory neuropathy leads to a loss of
protective sensation, which places patients at higher
risk of injury and of subsequent ulceration.8 These patients have difficulty or lack the ability to sense pain,
pressure, or temperature. Loss of protective sensation is
most commonly identified through the use of the 5.07
10-gram Semmes-Weinstein monofilament.8 Once protective sensation is lost, patients may be unaware of the
repetitive microtrauma that occurs during ambulation.
Changes in foot structure arise from microtrauma that
causes joint dislocation and bony deformities, which alter plantar pressures and cause ulceration. Structural
changes also result from motor neuropathy. In this type
of neuropathy, an intrinsic-minus deformity develops:
the intrinsic muscles (flexors) within the foot are weakened and the extrinsic muscles (extensors) that arise
from the leg gain mechanical advantage.9 A pes cavus
foot structure and digital contractures such as hammertoes, claw toes, and mallet toes may result.9 These deformities, coupled with a shift or atrophy of the plantar
fat pad, lead to increased plantar pressures that may
produce ulceration. Lastly, autonomic neuropathy reduces sweat production, leading to dry skin in the lower
limbs. Decreased skin tone and turgor may lead to skin
breakdown and subsequently ulceration.
PATHOPHYSIOLOGY
OF
PERIPHERAL
ARTERIAL DISEASE
In peripheral arterial disease (PAD) -- also referred
to as peripheral vascular disease (PVD) -- atherosclerosis reduces blood flow to the extremities that can lead
to an inability to heal ulcers and overcome infections.
Established risk factors for atherosclerosis and PAD include cigarette smoking, hyperlipidemia, hypertension,

Volume 23, Page 79

Diabetes Mellitus Management
diabetes mellitus, obesity, advanced age, and family
history.6 PAD is twice as likely to occur in patients with
diabetes mellitus.8 Smoking is a particularly strong risk
factor and follows a dose-dependent course based on
the number of pack-years.6 Approximately 50% of patients with PAD are asymptomatic.5 Those with symptoms present clinically with calf, buttock, or thigh pain
that is usually described as an ache, cramp, or sense of
weakness.6 It occurs after walking a certain amount of
time or distance. This exertional leg pain often resolves
with rest and is called intermittent claudication.
PAD can progress to a more severe level, known as
critical limb ischemia (CLI). Patients at this advanced
stage may have pain at rest, arterial ulcers, or gangrene.
Additional physical exam findings include dependent
rubor and pallor with elevation of the limb. Pharmacological and surgical treatment options are available to
treat CLI. Pharmacological treatment is based on cardioprotective medications to control hyperlipidemia, hyperglycemia, and hypertension.6 Surgical intervention
include revascularization of occluded arteries with stent
placement and bypass grafts. Lower extremity amputations are the last resort after a patient has undergone unsuccessful revascularization.1 It is estimated that 40%
of patients with CLI will need an amputation within six
months of their initial diagnosis.6

the severity of the underlying disease, the degree of tissue loss, and the resulting biomechanics of the foot.
There are several levels of forefoot amputations that are performed when the anatomical structure
is unsalvageable due to a non-healing ulcer or gangrene.
Simple or digital amputations are performed when an
ulcer is limited to the mid or distal toe and does not involve the skin over the metatarsal head. Though they
are the most common minor amputation, marked increases in plantar pressures of the first metatarsal head
and lesser metatarsal heads can occur and may lead to a
subsequent ray amputation.10,11 Ray amputations are
considered when a partial or full digit amputation
would significantly alter the biomechanics of the forefoot. These amputations involve removing both the
digit and a portion of the corresponding metatarsal
when an ulcer is larger and more proximal than the
digit. However, multiple ray amputations can result in
an unstable foot that transfers metatarsal head pressure,
creating a new ulceration. For this reason, transmetatarsal amputation (TMA) is preferred over multiple ray
amputations and is indicated for ulcerations that involve
most of the forefoot. Despite the use of appropriate orthotics and footwear, TMAs do result in increased peak
plantar pressures compared to digital and ray amputations.11

TYPES OF AMPUTATIONS
Lower extremity amputations are often needed after severe injury or widespread infection. Major amputations are usually defined as those that occur above the
ankle, while minor amputations are limited to below the
ankle.10 Minor amputations are more common in diabetic patients, while major amputations are more common in patients with atherosclerosis.10 The decisionmaking process to determine the appropriate level for
an initial amputation involves several factors, including

RE-AMPUTATION RATES
Re-amputations are common, ranging from 26.7%
at one year, 48.3% at three years and 60.7% at five years
after the initial amputation.12 Various comorbidities
may also influence the need for re-amputation. Laterality is an important factor to consider because contralateral re-amputations are less expected than ipsilateral
re-amputations. Rates of contralateral amputations at
one, three, and five years for the toe were as follows:
3.5, 18.8, and 29.5%. The rates of contralateral ray amputation at the same time points were 9.3, 21.6, and

Table 1. Re-amputation Rates from Post-Operative Years by Anatomic Level
1 Year
3 Year
Anatomic level
Digit (contralateral)
3.5%
18.8%
Ray (contralateral)
9.3%
21.6%
Midfoot (contralateral)
9.4%
18.5%

5 Year
29.5%
29.2%
33.3%

Major (contralateral)
Digit (ipsilateral)

11.6%
22.8%

44.1%
39.6%

53.5%
52.3%

Ray (ipsilateral)
Midfoot (ipsilateral)
Major (ipsilateral)

28.7%
18.8%
4.7%

41.2%
33.3%
11.8%

50%
42.9%
13.3%

Volume 23, Page 80

Diabetes Mellitus Management
29.2%. At the midfoot, the rates were 9.4, 18.5, and
33.3%. Rates of major amputation at one, three, and
five years were 11.6, 44.1, and 53.3%. Comparatively,
ipsilateral re-amputation at the level of the toe at the 1, 3-, and 5-year points were: 22.8, 39.6, and 52.3%. At
the level of the ray for the same corresponding time
points, they were 28.7, 41.2 and 50%. At the level of
the midfoot, the rates were 18.8, 33.3, and 42.9%. Finally, major ipsilateral amputation rates at one, three,
and five years were 4.7, 11.8, and 13.3% respectively.12
These rates are presented in Table 1.

amputation, but significantly less research on the factors and rates of lower extremity re-amputation. Re-amputations worsen quality of life for patients through increased functional limitations and financial costs. Factors that play a role in re-amputations include the level
of the initial amputation, laterality, the severity, and the
number of comorbidities. It is a constellation of these
factors that guides the decision-making process for a
subsequent amputation.

RE-AMPUTATION RISK FACTORS
Comorbidities such as PAD, DM, CHF and CAD
may delay healing of an original amputation. Unfortunately, those with multiple comorbidities tend to require more aggressive, more proximal amputations.
Many factors including age, gender, ethnicity, presence
of DM, CAD, PAD, and history of amputation increase
risk of re-amputation. The presence and severity of
PAD is a factor for re-amputation. Approximately 7578% of all amputations of the lower limb in Germany,
for example, are attributed to DM or PAD.1 Patients undergoing major surgeries were more at risk for re-amputations than minor surgeries but the range in post-operative time varied based on the severity of the patients’
PAD.15 In those with DM as a primary or secondary diagnosis without PAD proved less common than those
with PAD, with a decrease in re-amputation rates.1
Neuropathic foot ulcers are the main reason for amputation.15 Skoutas et al. conducted a study in which
121 diabetic patients with foot lesions underwent lower
limb amputation, with re-amputations defined as any
level of revision surgery to the lower limb. In an 18month follow-up, 26 of the 121 patients had ipsilateral
re-amputations. To help identify the relationship between neuropathy, ulcerations and re-amputation rates,
31 patients in group A were neuropathic, 42 patients
neuroischemic, and 19 were ischemic. Group B was
comprised of four neuropathic patients, 19 neuroischemic patients, and 2 ischemic patients. The results
demonstrated that patients who presented with one or
two digital amputations had the greatest need for re-amputation.14
CONCLUSION
DM and PAD are two of the major risk factors for
lower extremity amputation. They can lead to neuropathic and arterial ulcers, respectively. Regular screenings and prevention education by clinicians are important to prevent ulceration. Patients who present with
nonhealing ulcers as a result of impaired blood flow
and/or infection are often faced with a difficult choice
of undergoing an amputation. There is an abundance of
literature examining the risk factors for an initial
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ABSTRACT
Background: Type 2 diabetes mellitus (T2DM) is
a prominent health issue in the United States, affecting millions of individuals. In this systematic
review we aim to identify the effectiveness of aerobic type exercise on Hemoglobin A1c (HbA1c)
levels in the type 2 diabetic population.
Methods: We systematically searched randomized
control trials from 1/2015 – 2/2020 using MeSH
terms and keywords: diabetes mellitus type 2, aerobic exercise, Hemoglobin A1C and glycated hemoglobin A. Eligible studies were screened based
on title, abstract, study relevance and English language by 4 independent evaluators. Cochrane Risk
of bias was used for qualitative assessment. The
effect of aerobic exercise for T2DM patients was
based on the reported changes in HbA1c levels.
Statistical analysis was done with R (R Core Team
(2017)).
Results: 250 out of 17,187 collected studies were
reviewed. 4 studies were eligible for final review.
Overall quality of studies included were of low to
moderate risk of bias. Subject’s age in the studies
ranged from 48 to 60 years old. The duration of exercises for all the studies ranged from 8 to 12
weeks. Overall, there was an average decrease of
0.56% (95%CI: 0.37-0.74) in HbA1c. There was
no measurable heterogeneity (I2=<0.001%) between studies.
Conclusions: Our findings suggested that aerobic
exercises favored a decrease in HbA1c level
among adults with type 2 diabetes mellitus, regardless of type. An aerobic exercise regimen for 8-12
weeks in adults appears to be a viable regimen for
diabetic management. Future studies can further
investigate specific types of exercise along with the
interaction of diet.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a chronic
disease that affects an estimate of 30.3 million
Americans.1 A recent study predicted that 1 in 3
adults in the United States will have diabetes by the
year 2050.2 T2DM is a costly condition as Americans have spent a total of $237 billion a year on
medical treatment related to T2DM and $90 billion
a year in related lost productivity.1 Such drastic
cost results from complications including blindness, renal failure, amputations,.2 T2DM is a noninsulin-dependent diabetes that often begins in
adulthood triggered by obesity.2 Those with T2DM
have a functioning pancreas that produces insulin
but over time resistance to insulin increases thus
causing insulin receptor malfunction. Considering
the increasing prevalence of T2DM and its complications, lifestyle modifications ranging from diet to
exercise have been shown to be beneficial.3,4
Recent research has shown aerobic exercise to
be an integral to T2DM management. It is recommended that adults with T2DM undertake aerobictype exercise at a moderate and/or vigorous intensity for 3 to 5 days per week.5 In addition, numerous studies demonstrate the effectiveness of exercise training in improving the management of
blood glucose levels, body weight, lipids, blood
pressure, cardiovascular disease, mortality, and
overall quality of life within the T2DM population.6. 7, 8, 9, 10, 11, 12
The primary aim of our systematic review and
meta-analysis is to investigate available studies to
explore the efficacy of aerobic exercise in managing T2DM. Due to the increasing obesity within
our population, T2DM has risen dramatically. By
better understanding the role of aerobic exercise in

Volume 23, Page 83

Diabetes Mellitus Management
the reduction of hemoglobin A1c (HbA1c), patients may experience fewer complications of
T2DM.
METHODS
Research Question Development
Following the People, Intervention, Control
and Outcome (PICO) outlines, the research question formulated was ‘Does aerobic exercise lower
hemoglobin A1c among patients with type 2 diabetes mellitus?” (P: type 2 diabetes mellitus, I: aerobic exercise, C: no aerobic exercise intervention,
O: (change of) reported Hemoglobin A1c.)13
Search Strategy and Selection Criteria
Using the research question above, we developed search terms and keywords: diabetes mellitus
type 2, aerobic exercise, hemoglobin A1C and glycated hemoglobin A. Medical Subject Headings
(MeSH) terms used in PubMed included: [diabetes
mellitus type 2] [aerobic exercise] [hemoglobin
A1C] and [glycated hemoglobin A]. We then
searched the PubMed, Google Scholar, clinicaltrial.gov, Cochrane library, and CINAHL databases. Conference abstracts and graduate theses
were searched within the Google Scholar search.
Our searches were set from 1/2015 to 2/2020. Articles published in 2015 and after were used to narrow the search to capture recent and modern articles. Therefore, our time frame focused on a more
modern era where web-based applications and at
home exercise have started becoming more common. Due to this thought process, aerobic exercise
stands out as more people focus on running, jogging, and cycling as exercise regimens to incorporate into daily life. Four reviewers (HO, AB, NP,
MG) independently screened titles and abstracts
for the eligibility of studies. All screened studies
were then assessed based on the inclusion and exclusion criteria before the quality assessment. Inclusion criteria included randomized control trials
(RCTs) conducted in the past 5 years, completed
studies, adults with T2DM, English language, humans, and aerobic exercise. Exclusion criteria included non-T2DM patients, non-aerobic exercises,
treatment with medication, and non-RTCs.
Data Extraction
The 4 reviewers extracted baseline characteristics from the studies which included: first author,
year of publication, country in which the research
was completed, study group(s), number of participants, age (years), gender distribution, HbA1c before intervention, HbA1c after intervention, intervention duration, and the risk of bias summary

(Figure 1). Data collection and risk of bias forms
were cross analyzed by reviewers. Additionally,
disagreements among reviewers were discussed
and deliberated upon until a consensus was met. If
there was still a concern regarding any particular
study, a senior author (CDS) was consulted.
Qualitative Assessment
Quality assessment was done using risk of bias
(RoB2). The framework provided by the RoB2
structure allowed for an assessment based on one
intervention in the RCTs that were included in this
systematic review.14
Quantitative Assessment
Quantitative assessment was processed after
qualitative assessment. The risk of publication bias
was assessed by visualizing the funnel plot as well
as the I2. A meta-analysis was conducted using the
random effects model if the risk of publication bias
and the qualitative assessment were in the acceptable range.14 Using the information gained from the
funnel plot, a random effects model was created to
assess the validity of the funnel plot. Studies that
had two groups experimenting distinct exercise
types would be stratified in the quantitative assessment. All statistical analyses were conducted using
R Command 4.0.1.15
RESULTS
Search Results
A total of 17,187 research articles passed a
preliminary screening based on duplications, titles,
and abstracts leaving 250 eligible studies. A total
of 246 articles were then excluded based on inclusion and exclusion criteria. Four final articles were
included for qualitative and quantitative assessment (Figure 1).
Description of Studies
The four studies included 101 participants total in their aerobic exercise groups. All participants
completed the entire regimen for the assigned time
frames. The overall age range of patient participants was from 48-60 years. Table 1 shows that the
duration ranges of the studies were from 8 to 12
weeks. The initial (before exercise) HbA1c ranged
from 7.0 - 9.2% while after the exercise intervention it ranged from 6.62 - 8.03%. The overall risk
of bias was considered to be low-moderate based
on RoB2 (Table 2). The Delevatti et al. study was
of medium-high risk of bias.16 While the Dixit et al.
and Lade et al. studies were of medium risk of
bias.17,18 The Rahbar et al. study was considered to
be low risk of bias.19
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart for study
inclusion. Demonstrating the process of elimination in the article selection for this study.

While all collected studies are RCTs, there were
some variations in the study design. For example,
in Lade et al., the groups had two time intervals
where measurements were taken for the effect of
the aerobic exercise regimen. The measurements at
the 10-week interval was used in the meta-analysis.
The 20-week interval was excluded to keep the
time frame consistent in comparison between studies (8-12 week time period). Additionally, Delevatti et al. groups had two different exercise regimens.
There were no consistent parameters or definitive definition of “aerobic exercise.” For example, the Delevatti et al. study had two distinct aerobic exercise intervention groups,aquatic training
(AT) and dry land training (DLT), which differed

from the other 3 studies. The Delevatti et al. paper
did not elaborate on the type of physical activity
consisting of AT and DLT. This resulted in an inadequate definition in the papers used in our quantitative and qualitative analysis of aerobic exercise.
Quantitative Characteristics
The funnel plot was visually assessed for
asymmetry and the risk of publication bias appeared to be low (Figure 2). Additionally, the forest plot was generated (Figure 3). Overall, combining the results gave us 0% heterogeneity, indicating that there was no or minimal potential of
variance due to sampling error alone or due to
chance. HbA1c levels were observed before and after participants proceeded to perform aerobic exercise.
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Table 1. Summary of collected articles
Author

Year

Country

Study
group

Number of
participants

Age:
years

Gender:
Female/Ma
le

HbA1C HbA1C
%
% (Af(Before) ter)

Intervention Duration
(weeks)

Risk of Bias
summary

Delevatti
et al.

2015

Brazil

Aquatic
training

17

54.2 ±
8.3

10/7

Aquatic
: 7.42

Aquatic
:7.34

12

Moderate
Risk

Dry land
training

18

59.2 ±
6.9

10/8

Dry
land:
7

Dry
land:
6.65

12

Aerobic

40

54.40±
1.24

17/23

8.37

7.58

8

47

59.45±
1.16

8.02

8.03

8

17/30

6

54±9

N/A

8.6

At 10
weeks:
7.2
At 20
weeks:
7.5

20

5

57±12

9.2

At 10
weeks:
7.9
At 20
weeks:
7.4

Dixit et
al.

2017

India

Low - moderate Risk

Control

Lade et
al.

2016

Brazil

Treadmill

Strength

Rahbar
et al.

2017

Iran

Treadmill

Control

N/A

13

48.31±
5.02

N/A

7.27

6.62

15

48.60 ±
6.95

N/A

7.37

7.03

In the meta-analysis, four RCTs were pooled to create
a random effects model. In this statistical analysis, the
data was stratified to different aerobic exercises based
on what each study included. As seen in Table 1, Delevatti et al. had AT and DLT groups, Dixit et al. had an
unspecified aerobic intervention, Lade et al. and Rahbar
et al. had a treadmill intervention. The duration of exercise we quantitatively observed was between 8 and12
weeks.

Low - moderate risk

20

8

Low Risk

8

The collected studies had an overall decrease in
HbA1c values between all 4 studies. In Figure 3, the
Lade et al. data was stratified to only observe the aerobic exercise excluding the strength training. This observation was consistent with our research question of
looking only at aerobic exercise. The confidence intervals (CI) for the Lade et al. at 10 weeks, Delevatti et al.,
and Rahbar et al. had CIs that crossed over to fall on
both sides of the standard mean difference. The 95% CI
for the Lade et al. at the 10-week interval was from -
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1.76 to 0.31. In Figure 3, the overall standard mean difference favored HbA1c decrease.
Table 2. Risk of bias assessment: demonstrating authors’ consensus on articles used in the analysis.

Figure 2. Funnel plot used for assessing publication bias.
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Figure 3. Forest plot on the effect of aerobic exercise on HbA1c. Demonstrating standardized mean difference
with 95% confidence interval within the articles used in the study.

DISCUSSION
Overall, this review of aerobic exercise
demonstrated positive effects on reducing HbA1c
as a beneficial T2DM management. There is a positive effect observed in selected time intervals of
various aerobic exercises (8 - 20 weeks). The
pooled results demonstrated a decrease in HbA1c
values by 0.56% (CI: -0.74 to -0.37). Although the
term “aerobic exercise” was not well defined in the
literature, the standard mean difference favored a
decrease of HbA1c, indicating that some form of
physical activity is beneficial.
In regards to the funnel plot (Figure 2), it is
notable that all 5 interventions have a slight negative value in their range but the overall standard
mean difference favored the left. This indicates that
despite such variance, aerobic exercise interventions ranging from AT, to DLT, and treadmill use
may favor a decrease in HbA1c values.
As for the duration of the exercises in the included studies, the exercise regimens ranged from
8 to 20 weeks. This time frame demonstrated short
term adequacy in lowering HbA1c among participants. A study out of Iran followed a cohort for 8
years and there was a decrease in HbA1c in the patients that were part of the experimental group that
did aerobic exercise.20 The Iranian study had positive indications, showing that long duration of an
exercise regimen had a strong correlation for maintaining a reduction in HbA1c levels (p value =
0.03). In this study, the experimental group that
sustained an exercise regimen kept their HbA1c
value at 8.33% in the 8-year span with the SD
changing from 1.29 to 1.2.
A relationship between dose response or the
time interval of exercising can be a notable point
of study, because many studies have established

that physical activity is beneficial for diabetes
management.21 In our studies, physical activity
ranged in duration from 8 to 20 weeks, and observing this level of activity for a period of 8 to12
weeks gave a limited amount of information. Long
term effects on a sustained HbA1c level decrease
due to aerobic exercises can provide a more definitive evidence-based treatment option for patients
who could benefit from an exercise intervention instead of just medication.22 These patients are at
high risk of starting medication but are still in a
stage of the disease where preventative measures
can have beneficial effects.
While aerobic exercise may be beneficial as
part of the T2DM management, the reported population in this review do not specify the severity of
T2DM among the study population. It is not known
whether high risk T2DM patients (i.e. T2DM complicated by peripheral neuropathy) may be at risk
of developing foot ulcers from the recommended
aerobic exercises. Individuals with peripheral neuropathy lack the same sensation in the extremities
as a non-T2DM patient.20 Those with peripheral
neuropathy are at a higher risk of developing ulcerations when participating in aerobic exercise due to
the high levels of activity. For future research, it
will be impactful to examine the feasibility of aerobic exercise for T2DM patients with peripheral
neuropathy. Kluding et al. examines the feasibility
and effectiveness of supervised, moderate intensity
aerobics, and resistance exercise programs for
those with diabetic peripheral neuropathy.23 The
results of their study demonstrated that moderate
aerobic exercise was effective at reducing HbA1c,
pain, and neuropathic symptoms. Also, it is vital to
evaluate those who develop ulcerations or have
complications due to the recommended aerobic
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exercises for T2DM patients. Taking these populations into consideration, it is prudent to establish
balance measures in better treating patients and
recommending the correct treatment and management.
The Delevatti et al. study was medium-high
risk of bias based on our criteria where three of the
seven biases were low risk, three of seven were
high risk, and with one unclear risk (Table 2). Patients were randomized by picking an envelope
with predefined group numbers, using 1:1 ration
and stratified based on gender indicating a low risk
in selection bias.16 This also indicated an organized
and efficient means of allocation concealment. The
blinding of outcome assessment was low, because
the study stated that all outcomes were evaluated at
baseline and at the end of the intervention.16
The Lade et al. and Rahbar et al. study were
considered medium risk of bias. A block randomization method was designed to randomize subjects
to the aerobic and control groups.16, 19 Block randomization allowed for equal distribution of qualifying participants into studies indicating low risk
of selection bias.
Resistance exercise was not considered due to
the strength training component and how resistance exercise specifically focuses on muscle
training compared to aerobic exercises which focus
on a cardiovascular component.
Limitations
There are a number of limitations for this systematic review. First, different forms of aerobic exercise included: walking, treadmill-use, swimming, etc. Second, the patient population’s diet and
medication were not taken into account. There was
also data that indicates that diet plays a role in controlling HbA1c levels, and none of the papers indicated any data collection for such a process or how
diet could be an attributing confounding variable. Our study chose to examine patients who were
not taking medication to regulate their diabetes in
order to better view our results. Third, the Hawthorne effected is a potential bias to all include studies as none of the studies were double
blinded. The participants knew that they were exercising for the health benefits that it brings. Understanding that they were being observed and
measured by medical professionals for a specific
duration of time, lifestyle changes or outside influences could have potentially altered the behavior
of the participants. Lastly, included studies had
limited long term follow-up. It is important to consider follow-up with patients months to years
later as they continue to have physical activity interventions. A 8 to 12 week intervention only gives

one reading and insight into the HbA1c value. It
would be interesting to see if the decrease is sustained or continues to become lower.
Overall, aerobic exercise includes a broad
range of workouts. Perhaps it would be beneficial
to observe a similar exercise type across studies to
try to gain an even stronger heterogeneity model
and have a stronger meta-analysis. The different
types of exercises are of different intensities and
this could indicate that a more focused approach to
observing HbA1c populations could result in determining a specific aerobic exercise regimen that can
possibly be used as a proper prescription for patients with T2DM. Dixit et al. did not reveal the
specificities of the aerobic exercise patients underwent. This lack of information makes it difficult to
further our investigations of which exercises in
particular are the most beneficial for T2DM patients. The Dixit et al. study was medium risk of
bias because based on our criteria, 4 out of 7 were
low risk. In the study, there was a random sequence
generation through a computer to assign participants to either the intervention group or the control
group.17 There was no attribution to why 11 participants from the study group and 10 participants
from the control group failed to complete the 8week intervention duration.17
Overall, all the studies had different exercise
regimens. Due to this lack of consistency between
the exercise types, it makes it difficult to narrow
down a specific regimen that might be the most effective. Future RCTs should have a larger prospective cohort that focuses on one particular aerobic
exercise regimen to gain better insight along with
long term follow-up.
Strengths
It was advantageous that the studies are from
different countries because it gives the research validity. T2DM is not just endemic to one particular
region but is pandemic worldwide. These studies in
various countries sought to achieve the same purpose of using aerobic exercise to lower HbA1c values. This global reach has shown to provide crucial
information to support further T2DM research
worldwide. A major strength in our meta-analysis
is that there is no heterogeneity. This increases the
power of the data that states HbA1c values can be
lowered with aerobic exercise.
CONCLUSION
Research has shown that aerobic exercise
plays a crucial and beneficial role in lowering Hemoglobin A1c in type 2 diabetic adults. This systematic review and meta-analysis seeks to help future researchers in their randomized control trials
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when controlling for biases and possibly using
larger sample sizes. Future studies should investigate the dose response of physical activity as a
therapeutic intervention in lowering HbA1c values, along with proper diet, exercise, and medication.
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